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November 9th, 1921.
^**-—--——-"^

Mr. E. D. Oldham, F.E.S., President,

in the Chair.

The List of Donations to the Library was read.

The Names of certain Fellows of the Society were read out for

the first time, in conformity with the Bye Laws, Sect. VI, Art. 5,

in consequence of the Non-Payment of the arrears of their Annual
Contributions.

The Peesident made the following announcement :
—

' I have

to report to the Society the loss of two old and valued Fellows.

The Earl of Ducie was elected in 1853, and, although not the

most senior on our list, was the oldest Fellow with whom we had
maintained communication ; throughout the long period of his

Fellowship he has continuously shown interest in geology and
helpfulness towards geologists. In Dr. Henet Woolwaed we
lose a valued and familiar friend, and a very regular attendant

at our mieetings until quite recent years, when age and failing

health prevented his presence. Elected in 1864, he had served for

many years on the Council and in other offices of the Society,

including the Presidency ; but his greatest service to geology was
probably the founding of the ' Greological Magazine,' which he
conducted continuously from its initiation until a couple of years

ago. The Council has already recorded its sympathy with his

family in their bereavement, and I feel sure that you will wish to

associate yourself with its action.'

The announcement was received by the Fellows present standing.

YOL. LXXYIII. a
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The following communications were read :

—

1. * The Igneous and Associated Rocks of Llanwrtyd (Brecon).'

By Lam*ence Dudley Stamp, D.Sc, A.K.C., F.G.S., and Sidne}'

William Wooldridge.

2. ' The Base of the Devonian, with especial reference to the

Welsh Borderland.' By Laurence Dudley Stamp, D.Sc, A.K.C.,

F.G.S.

Downtonian fossils from Corvedale (Shropshire) were exhibited

by W. Wickham King, F.G.S.

November 23rd, 1921.

Mr. E. D. Oldham, F.E.S., President,

in the Chair.

Andrew Menzies, Assoc.R.S.M., c/o The British Union Oil

Oompan}^ Bridgetown (Barbados), was elected a Fellow of the

Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. ' The Lower Carboniferous Rocks of West Cumberland.' By
Kenneth Wilson Earle, M.Sc, F.G.S.

2. 'A Composite Sill at Newton Abbot (Devon).' B}^ William
George St. John Shannon, B.Sc, F.G.S.

Prof. E. J. Garwood exhibited the earliest recorded freshwater

Gasteropod {Viviparus [Paludina]) from the local base of the

Carboniferous rocks, near Horton-in-Ribblesdale (Yorkshire).

December 7th, 1921.

Mr. R. D. Oldham, F.R.S., President, in the Chair.

Geoffrey William Allen, B.A., B.Sc, c/o H. Mewton, The
Cliffe, Tutbury (Staffordshire) ; Violet Ruby Barge, B.A.,

29 Guilford Street, W.C. 1 ; Isaac Bond, B.Sc, Fairfield, Marl-
borough (Wiltshire) ; Herbert Rosslyn Budgell, Headmaster of

Carshalton College, Carshalton (Surrey) ; John Albert Child,

B.Sc, 60 Holland Park, W. 11; Ritchie Brinley Davies, Bryn-
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mawr House, Grilfach Groch, Bridgend (Glamorgan) ; Arthur
Broughton Edge, Tudor House, Maidenhead ; Daniel Grriffiths,

Granville House, Pontypool (Monmouthshire) ; the Rev, Harold
Edward Grindley, M.A., Bosbury Vicarage, Ledbury (Hereford-
shire) ; Wesley Hancock, B.Sc, Ashdene, Lower Ladywood, near
Walsall (Staffordshire) ; Harold Hopkins, M.C., B.Sc, 16 Whitby
Road, Fallowfield, Manchester ; Robert Springett Mackilligin,

Hurstbourne Tarrant, Andover (Hampshire) ; Jacob Thomas
Morgan, Glasfryn, Nelson, Cardiff; Frank Mortimer Penney,
176 Lower Addiscombe Road, Croydon ; Frederick Anselm
Redmond, B.Sc, Assistant Professor of Civil Engineering in

the University of Hongkong ; Claude George Sara, Tabaquite
(Trinidad) ; and the Rev. John Charles Thompson, 6 Bedford
Avenue, Bexhill-on-Sea (Sussex), were elected Fellows of the

Society.

The List of Donations to the Library was read.

The following communications were read :
—

1. * Jurassic Chronology: II.—Preliminary Studies. Certain

Jurassic Strata near Eype's Mouth (Dorset) : the Junction-Bed of

Watton Cliff and Associated Rocks.' By S. S. Buckman, F.G.S.

2. ' Banded Precipitates of Vivianite in a Saskatchewan Fire-

clay.' By John Stansfield, B.A., F.G.S.i

A small specimen of plattnerite (lead dioxide), a verj^ rare

mineral recently rediscovered at Leadhills (Lanarkshire), was
exhibited by W. Campbell Smith, M.C., M.A., Sec.G.S.

December 21st, 1921.

Mr. R. D. Oldham, F.R.S., President,

in the Chair.

The List of Donations to the Library was read.

The following communications were read :

—

1. ' The Nature and Origin of the Pliocene Deposits of the

County of Cornwall, and their bearing on the Pliocene Geography

of the South-West of England.' By Henry Brewer Milner, M.A.,

D.LC, F.G.S.

2. * The Phosphate Deposit of Ocean Island.' By Launcelot

Owen, A.R.S.M., A.R.C.S., F.G.S.

^ Withdrawn by permission of the Council.

a2
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Microscope-slides and lantern-slides were exhibited hj Mr.

H. B. Milner, in illustration of his paper ; and rock-specimens and

Ian tern -slides by Mr. L. Owen, in illustration of his paper.

January 4th, 1922.

Dr. a. T. Peioe, F.R.S., Vice-President,

in the Chair.

The List of Donations to the Library was read.

The following Fellows, nominated by the Council, were elected

Auditors of the Society's Accounts for the preceding year:—
Richard Mou]n^tford Deeley, M.List.C.E.. and John Frederick
Norman Gtreen, B.A.

The appointment of Mr. N. E. Pettitt as Junior Assistant was

announced and confirmed.

The following communication was read:

—

' Shales-with-Beef, a Sequence in the Lower Lias of the Dorset

Coast.' By William Dickson Lang, Sc.D., F.Gr.S., Leonard Frank
Spath, D.Sc, F.G.S., and William Alfred Richardson, M.Sc,
F.G.S.

Specimens and lantern-slides were exhibited by Dr. W. D. Lang,
Dr. L. F. Spath, and Mr. W. A. Richardson, in illustration of

their paper.

January 18th, 1922.

Mr. R. D. Oldham, P.R.S., President,

in the Chair.

Herbert Edward Bradshaw, A.R.S.M., 40 Eardley Crescent,

Earl's Court, S.W. 5 ; Major Edwin Massey Bull, 276 Holmesdale
Road, South Norwood, S.E. 25 ; Harry Brenan Cronshaw, B.A.,
Ph.D., A.R.S.M., The Briars, Penn, Wolverhampton; Frederick
Henry Dodd, 51 Shooters' Hill Road, Blackheath, S.E. 3 ; Harold
Marriot Cell, A.M.Inst.C.E., 187 Northfield Avenue, West Ealing,

W. 13 ; Sydney George Clift, B.Sc, 137 Willingham Street,

Grimsby; Frank Gossling, B.Sc, F.C.S., 15 Bh-dhurst Road,
Croydon ; Timothy Halliss}^, Senior Geologist, Geological Survey
of Ireland, 39 Eaton Square, Terenure (County Dublin) ; Sydney
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Ewart Hollingwortli, B.A., Geologist, H.M. Geological Siirve}'',

Flore, near Weeclon (NortbamjDtonshire) ; Arthur Lovatt, B.Sc,
31 Park Road, Hendoii, N.W. 4 ; James Mitchell, B.Sc, B.E.,

Professor of Geology & Mineralogy in University College, Galway
;

John Isaac Piatt, B.Sc, Assistant Lecturer in Geology, University

College, Aberystwyth ; George Pobling, Llwyncelyn, Ponthenry,
Llanelly ; Harry Hall Sands, Milton Chambers, Nottingham ; and
Walter Percy Winter, B.Sc, 20 Hurst Wood lioad, Shipley (York-

shire), were elected Fellows of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. ' Jurassic Plants from Ceylon.' By Prof. Albert Charles

Seward, Sc.D., F.R.S., F.G.S., and Pv. E. Holttum, B.A.

2. *The Carboniferous Limestone (Avonian) of Broadfield

Down (Somerset).' By Frederick Stretton Wallis, M.Sc, F.G.S.

February 1st, 1922.

Mr. R. D. Oldham, F.R.S., President,

in the Chair.

Arthur Bond, B.A., 31 Croxted Road, Dulwich, S.E. 21 ; James
Percy Tufnell Burchell, Fawke House, Sevenoaks (Kent) ;

Francis

Henry Arnold Englelieart, B.A., The Priory, Stoke-by-Nayland,

near Colchester; Kenneth Stuart Sandford, B.A., University

College, Oxford ; and James Alfred Steers, B.A., 2 Goldington

Avenue, Bedford, were elected Fellows of the Society.

The List of Donations to the Library was read.

Mr. Ctkil Edwaed Nowill Bromehead, B.A., F.G.S. , de-

livered a lecture on the Influence of Geology on the
History of London.
The 6-inch Geological Survey maps constructed by the Lecturer

were exhibited, and some of the new features pointed out. The
small streams now ' buried ' are indicated on the maps, and the

historical research involved in tracing them led to an appreciation

of the connexion between the geology and topography on the one
hand, and the original settlement and gradual growth of London
on the other. The reasons for the first selection of the site have
been dealt with b3'' several writers : below London the wide allu-

vial marshes formed an impassable obstacle ; traffic from the

Contment came b}^ the ports of Kent, and, if destined for the
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nortli or east of Britain, sought the lowest possible crossing of

the Thames. This was near old London Bridge, where the low-

level gravel on the south and the Middle Terrace deposits on the

north approached close to the river-bank. A settlement was
obviously required here, and the northern side was chosen as the

higher ground. The gravels provided a dr}^ health}' soil and an
easily accessible water-supply ; they crowned twin hills separated

by the deep valle}' of the Walbrook, bounded on the east b}^ the

low ground near the Tower and the Lea with its marshes, and on
the west by the steep descent to the Fleet ; the site was, therefore,

easily defensible. The river-face of tlie hills was naturally more
abrupt than it is now, owing to the reclamation of ground from
the river ; the most ancient embankment la}" 60 feet north of the

northern side of Thames Street.

The first definite evidence of a permanent settlement was the

reference in Tacitus. The early Eoman encampment lay east of

the Walbrook, and the brickearth on the west around St. Paul's

w^as worked. Later the city expanded, until the St. Paul's hill

was included, the wall being built in the second half of the 4th
century. The great Poman road from Kent (Watling Street)

avoided London, and utilized the next ford upstream—at West-
minster—on its way to Yerulamium and the north-Avest. The
earliest Westminster was a Poman settlement beside the ford,

built on a small island of gravel and sand between two mouths of

the Tyburn. This settlement could not grow, as did London,
since the area of the island, known to the Saxons as Thorney, w^as

small. The road from London to the west joined the St, Alban's

road at Hyde Park Corner, running along the ' Strand," where the

gravel came close to the river ; a spring thrown out from this

gravel by the London Clay was utilized for the Poman Bath in

Strand Lane.

Throughout Mediaeval times London was practically confined to

the walled city, a defensible position being essential. The forests

of the London -Clay belt on the north are indicated in Domesda}'-

Book and referred to by several writers, notably Fitzstephen,

whose Chronicle also mentions many of the springs and wells

and the marsh of Moorfields, produced largel}" b}" the damming
of the Walbrook by the Wall. The same writer mentions that

London and Westminster are ' connected b}^ a suburb.' This
was along the ' Strand," and consisted first of great noblemen's

houses facing the river and a row of cottages along the north

side of the road; this link grew northwards, at first sloAvly,

but in the second half of the 17th centur}" with great rapidit}^

By the end of that period the whole of the area covered b}" the

Middle-Terrace Gravel was built over, but the northern margin of

the gravel was also that of the town for 100 years, the London-
Clay belt remaining unoccupied.

The reason for this arrested development was that the gravel

provided the water-supply. In earh^ days the City was dependent

on many wells sunk through the gravel, some of which were famous,
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such as Clerkenwell, Holywell, and St. Clement's. In the same
way the outlying hamlets (for instance, Putney, Roehampton,
Clapham, Brixton, Ealing, Acton, Paddington, Kensington,

Islington, etc.) started on the gravel, but later outgrew it, as

pointed out by Prestwich in his Presidential Address of 1873. In
the City the supply soon became inadequate, or as Stow says
' decayed,' and sundry means were adopted to supplement it. The
conduit system, bringing water in pipes from distant springs, began
in 1236 ; London-Bridge Waterworks pumped water from the

Thames by water-wheels from 1582 to 1817 ; the New Piver was
constructed in 1613, and is still in use. It was not until the

19th century that steam-pumps and iron pipes made it possible

for the clay area to be occupied, thus linking together the various

hamlets that are now the Metropolitan Boroughs.

Some of the ways in which Greology affects London to-day were

briefly indicated, and the lecture was illustrated by a number of

lantern-slides, reproduced mainly from old maps and prints.

The cordial thanks of the Meeting were accorded to the

Lecturer.
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February 17tli. 1922.

EiCHAED Dixox Oldha:vi. F.E.S., President,

in the Chaii'.

Eepoet or THE CoryciL foe 1921.

DrEry& the year under review oQ new Fellows were elected into

the Society (2-i less than in 1920;i. Of the Fellows elected in

1921, 4-5 paid theii- Admission Fees before that end of that year,

and, of the Fellows who had been elected in the previous year,

26 paid theii" Admission Fees in 1921, making the total accession

of new Fellows dm'ing the past vear amount to 71 (7 more than
in 1920).

Allowing for the loss of oS FeUows (17 resigned, 35 deceased,

and 6 removed), but adding 1 Fellow re-instated, it will be seen

that there is an increase of 11: in the number of FeUows (as com-
pared with an increase of 21 in 1920).

The total number of Fellows is, therefore, at present 1243,
made up as foUows : Compounders 198 (9 less than in 1920) ;

Contributing Fellows 1036 (2-4 more than m 1920) ; and Xon-
Contributing Fellows 9 1 1 less than in 1920).
Tuminor now to the Lists of Forei2:n Members and Foreio-n

Correspondents, the Council announces T\T.th regret the decease

during the past year of Prof. A. G-. Xathorst, Foreign Member.
There are now thi-ee vacancies in the list of Foreign Members, and
twelve vacancies in the list of Foreign Correspondents.

The total Eeceipts fi-om all ordinary soui'ces of income amounted
to £3894 OS. 8^., and the ordinary Expenditui*e of the year to

£3964 12^. 9f7. In addition, there was Special Expenditure on
aiTears of publication amounting to £S97 175. 6t/., and there were
Special Eeceipts amounting to £732 18s. Of?. fi*om the sale of in-

vestments and ti'ansfer fi'oni the Sorby and Hudleston Bequests
and from the PrestAvich and Barlow-Jameson Funds.

In the estimates for the eui-rent year it has been possible to

establish a balance between ordinary income and expenditui-e, and
to provide an increased allotment for the Quarterly Jom-nal. Of
special expenditure there are still outstanding certain commitments,
amounting to about £450, which may have to be met dming the

year by realization of part of the invested funds of the Society,

or in some other manner, as may be decided by the Fellows at a

Special Greneral Meeting.
All publications belonging to 1921 were issued and brought to

account dm-ing the year. Six parts of the Quarterly Journal were
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published, constituting the remainder of VoL LXXVI and the

whole of the current volume for the year, Vol. LXXVII. The
List of Geological Literature for 1913 (the compilation of which
had been commenced by Mr. C. P. Chatwin during his tenure

of the Librarian ship, and completed after his retirement from
that office) and that for 1920 (Authors & Titles) were also

published within the year, and great progress has been made in

the compilation of the List for the 3^ears 1915-1919.

During the year the Council has given consideration to the

Card Catalogue and List of Geological Literature. In view of

the present financial position and commitments of the Society, it

decided that the publication of the subject-index must be dis-

continued for the present. The Council expresses its regret that

this action, which it recognizes as seriously diminishing the value

of the publication, should be necessary, and regards the resumption

of the subject-index as a matter which must be kept in mind,

when improvement in the financial conditions of the Society

permits. In the altered conditions it became unnecessary to con-

tinue the arrangement with Mr. C. D. Sherborn, by which he

edited the Card Catalogue and incorporated the cards for both
authors and subjects from year to year since he commenced the

Catalogue in 1901. In terminating this arrangement the Council

recorded its appreciation of Mi". Sherborn's past services in the

preparation of the Card Catalogue.

The Apartments of this Society have been used for General and
for Council Meetings during the past year by the Institution of

Mining Engineers, the Institution of Mining & Metallurgy, the

Institution of Water Engineers, the Society of Engineers, the

Mineralogical Society, the Palseontographical Society, the Pre-

historic Societ}^ of East Anglia, the Ray Society, the Conjoint

Board of Scientific Societies, and the South-Eastern Union of

Scientific Societies.

Sir Aubrey Strahan and Prof. W. G. Fearn sides continued to

act during the jesiY 1921 as the Geological Society's represen-

tatives on the Conjoint Board of Scientific Societies, and Mr. B. D.
Oldham was nominated to represent this Society on the Geophysical
Committee of the Royal Astronomical Society.

The Proceeds of the Daniel-Pidgeon Fund for 1921 were awarded
to Mr. Frederic Stretton Wallis, of Bristol University and the

Bristol Museum, who proposes to carry out researches on the Old
Red Sandstone and the Carboniferous Limestone of the Bristol

District ; and to Mr. Ralph Walter Segnit, of Oxford Universit}^,

who proposes to carry out an investigation of the stratigraphical dis-

tribution of the Cornbrash, based on a study of its faunal succession.

Further, the following Awards of Medals and Funds have
been made :

—

The Wollaston Medal to Dr. Alfred Harker, in recognition

of his researches concerning the Mineral Structure of the Earth,

especially in connexion with the natural history of igneous

rocks.
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The Murchison Medal, together with a sum of Ten Gruineas

from the Murchison Geological Fund, to Dr. John William
Evans, as an acknowledgment of the value of his researches,

and in recognition of tlie manifold services that he has rendered

to geological science.

The Lj^ell Medal, together with a sum of Twenty-five Pounds
from the Lj^ell Greological Fund, to Dr. Charles Davison, in

recognition of the value of his seismological researches and their

bearing on the science of geology.

The Balance of the Proceeds of the WoUaston Donation Fund
to Dr. Leonard Johnston Wills, as a mark of appreciation of his

work on the older stratified rocks of the Midlands and the Welsh
Borderland, and to encourage him in further endeavour.

The Balance of the Proceeds of the Murchison Greological

Fund to Mr. Herbert Bolton, in recognition of the value of

his detailed researches in geology, particularlj^ with regard to the

insect-remains and faunal horizons of the Coal Measures of this

country.

A Moiety of the Balance of the Proceeds of the Lyell Greolo-

gical Fund to Mr. Arthur Macconochie, in recognition of devoted

service to the science of geologj^ and the value of his work
among the fossiliferous rocks of Scotland, more particularly the

Cambrian of the North-West Highlands, and the Ordovician and
Silurian of the Southern Uplands.

A Moiety of the Balance of the Proceeds of the Lj^ell Geolo-

gical Fund to Mr. David Tait, as a mark of apjDreciation of

his valued contributions to Scottish geology, on stratigraphy,

palaeontology, and petrology, and especially in connexion with

the Carboniferous rocks of the Lothians.

Eepoet of THE Library Committee for 1921.

The Donations received during the year 1921 number 5(5

Volumes of separately-published Works, 389 Pamphlets, and 4
detached Parts of Works, also 228 Volumes and 376 detached Parts

of Serial Publications, 133 Volumes and 243 Parts of the Publi-

cations of Geological Surveys and other Public Bodies, and 10
Volumes of Weekly Periodicals.

As many as 59 sheets of Geological Maps were received during

the year.

The number of accessions by Donation amounts, therefore, to

427 Volumes, 389 Pamphlets, and 623 detached Parts.
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The Donors during the preceding year included 110 Government
Departments and other Public Bodies, 130 Societies and Editors,

and 112 Personal Donors.

Considerable progress has been made with the resumption of

exchanges with Societies and Institutions of former enemy
countries. Most of the publications of such bodies, issued be-

tween the years 1914 and 1919 inclusive, have now been received in

the Library, and the exchange of their future publications has

been arranged.

The Author and Subject Slips for the year 1913 have now been

incorporated with the Card Catalogue, and the Author Slips for

the year 1920 are in process of insertion.

The Purchases included 34 Volumes and 17 detached Parts of

Works, and 6 Volumes and 18 detached Parts of W^orks published

serially, and 4 Sheets of Geological Maps.
The Expenditure incurred in connexion with the Library during

1921 was as follows :

—

£ s. d.

Books and Periodicals 62 19 9

Binding and Map-Mounting 94 7 5

Sundries 7 10

Total =£164 17 2

The appended Lists contain the Names of Government Depart-

ments and other Public Bodies, Societies, Editors, and Personal

Donors, from whom Donations to the Library have been received

dming the year under review :

—

I. Government Departments and other Public Bodies.

Alsace-Lorraine.—Service de la Carte Geologique. Strasbourg.

Alabama.—Geological Survey. Montgomery (Ala.).

American Museum of Natural History. New York.
Australia (South), etc. See Soutli Australia, etc.

Austria.—Geologische Reichsanstalt. Vienna.
Barcelona.—Junta de Ciencias Naturals.

Belgium.—Academie Boyale des Sciences, des Lettres & Beaux-Arts de Belgique.

Brussels.

Bergens Museum. Bergen.
Berlin.—Preussisclip Akademie der Wissenschaften.
Bristol Museum & Art Galler^^

British Columbia.—Ministry of Mines. Victoria (B.C.).

British Guiana.—Lands & Mines Department. Georgetown.
Brookljm (N.Y.).—Museum of the Institute of Arts & Sciences.

Buenos Aires.—Museo Nacional.
California.—Academy of Sciences. San Francisco.

, University of. Berkeley (Cal.).

Cambridge (Mass.).—American Academy of Arts & Sciences.

. Museum of Comparative Zoology in Harvard College.
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Canada.—Geological & Natural History Survey. Ottawa.
. Department of Mines.

Cape of Good Hope.—South African Museum. Cape Town.
Connecticut.—State Geological & Natural History Survey. Hartford (Conn.).
C6rdoba (Argentine Republic).—Academia Nacional de Ciencias.

Denmark.—Geologiske Undersogelse. Copenhagen.
. Kongelige Danske Videnskabernes Selskab. Copenhagen.

Dublin.—Royal Irish Academy.
Egypt.—Department of Public Works (Survey Department). Cairo.

Federated Malay States.—Government Geologist. Kuala Lumpur.
Finland.—Finlands Geologiska Undersokning. Helsingfors.
France.—Ministere de I'lnstruction Pablique. Pai'is.

. Museum d'Hi.stoire Naturelle. Paris.

Gold Coast.—Geological Survey. Accra.

Great Britain.—Colonial Office. London.
. Geological Survey. London.
. Imperial Institute. London.
. Imperial Mineral Resources Bureau. London.

Holland.—Departement van Kolonien. The Hague.
Hungary.—Ungarische Geologische Anstalt (Magyar Foldtani Tarsulat).

Budapest.
Illinois.—Geological Survey. Urbana (111.).

India.—Geological Survey. Calcutta.
. Trigonometrical Survey. Dehra Dun.

Japan.—Earthquake-Investigation Committee. Tokio.
. Geological Survey. Tokio.

Kansas Universit}'. Lawrence.
Kentucky.—Geological Surve3\ Frankfort (Ky.).

La Plata, Museo de.

Lausanne.—University" of.

Liege.—College des Bourgmestres & Echevins.
Lisbon.—Academia das Sciencias.

London.—Metropolitan Water Board.
Madrid.—Real Academia de Ciencias Exactas, Fisicas & Naturales.

Mexico.— Institiito Geologico. Mexico City.

. Secretaria de Industria, Comercio & Trabajo. Mexico City.

Milan.—Reale Istituto Lombardo di Scienze & Lettere.

Minnesota.—School of Mines. Minneapolis.
Munich.— Bayerische Akademie der Wissenschaften.

Mysore.—Geological Department. Bangalore.
Nanc3\—Academie de Stanislas.

New Jersey.—Department of Conservation. Trentham (N.J.).

New South Wales.—Geological Survey. Sydney.
New York State Museum. Albany (N.Y.).

New Zealand.—Board of Science & Art. Wellington.
. Geological Survey. Wellington.

Nigeria.—Geological Survey.

Norway.—Geologiske Undersokelse. Christiania.

Ohio.—Geological Survey. Columbus.
Padua.—Reale Accademia delle Scienze.

Paris.—Academie des Sciences.

Peru.—Ministerio de Fomento. Lima.
Philippine Is.—Department of the Interior ; Bureau of Science. Manila.

Poland.—Service Geologique. Warsaw.
Portici.—Reale Scuola di Agricoltura.

Portugal.—ServiQO Geologico. Lisbon.

Prussia.—Geologische Landesanstalt. Berlin.

Quebec.—Department of Colonization, Mines, & Fisheries.

Queensland.—Department of Mines. Brisbane.

. Geological Survey. Brisbane.

Rhodesian Museum. Bui away o.

Rio de Janeiro.—Museu Nacional.

Rome.—Reale Accademia dei Lincei.

Rumania.—Academia Romana. Bucarest.

Scotland.—Geological Survey. Edinburgh.
Sierra Leone.—Geological Survey. Freetown.

South Africa.—Department of Mines. Pretoria.
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South Australia, Agent-General for. London,
. Department of Mines. Adelaide.
. Geological Survey. Adelaide.

Southern Khodesia.—Geological Surve}'. Salisbury.

Spain.—Institute Geologico. Madrid.
Stockholm.—Kongliga Svenska Vetenskaps Akademi.
Sweden.—Sveriges Geologiska Undersokning. Stockholm.
Switzerland.—Geologische Kommission der Schweiz. Berne.
Tasmania.—Secretary for Mines. Hobart.

. Geological Survey. Hobart.
Tohoku.—Imperial Universit}' of Sendai.

Tokio.—College of Science.

Turin.—Reale Accademia delle Scienze.

Uganda.—Geological Department. Entebbe.
United States.—Geological Surve}'. Washington (D.C.).

. National Museum. Washington (D.C.).

Victoria (Australia), Agent-General for. London.
( ). Geological Survej\ IMelbourne.

Vienna.—Akademie der Wisseuschaften.
. Naturliistorisches Hofmuseum.j

Wales.—National Museum. Cardiff.

Washington (D.C.).—Smithsonian Institution.

. Geophysical Laboratory.
West Indies.—Imperial Agricultural Department. Bridgetown (Barbados).
Western Australia.—Department of Mines. Perth.

. Geological Survey. Perth.

II. Societies and Editors.

Adelaide.—Royal Society of South Australia.

Basel.—Naturforschende Gesellschaft.

Belfast.—Natural Histor3f Societ}'.

Bergen.—'Naturen.'
Berlin.—Deutsche Geologische Gesellschaft.

. Institut fiir Meereskunde & Geographisches Institut.

. Zeitschrift fiir Berg-, Hiitten-, und Salinenwesen.
Berne.—Naturforschende Gesellschaft.

Bonn.—Naturhistorischer Verein der preussischen Rheinlande.
Bordeaux.—Societe Linneenne.
Boston (Mass.).—American Academy of Arts & Sciences.

. Society of Natural Histor3\
Bristol Naturalists' Societj'.

Brussels.—Societe Beige de Geologic.
. Societe Ro3'ale Zoologique & Malacologique de Belgique.

Bucarest.—Annales des Mines de Roumanie.
Budapest.—Foldtani Kozlony.
Buenos Aires.—Sociedad Cientifica Argentina.
Caen.—Societe Linneenne de Norniandie.
Calcutta.—Asiatic Societ}' of Bengal.
Cambridge Philosophical Societ3%

Cape Town.—Roj'al Society of South Africa.
. South African Association for the Advancement of^Science.

Cardiff.—South Wales Institute of Engineers.
Chambery.—Societe d'Histoire Naturelle de Savoie.

Chicago.— ' Journal of Geolog.y.'

Dorchester.—Dorset Natural History & Antiquarian Field-Club.
Dorpat.—Naturforschende Gesellschaft.

Dublin.—' The Irish Naturalist.'
. Royal Dublin Society.

Edinburgh.—Royal Scottish Geographical Societ3^
. Royal Society.

Falmouth.—Royal Cornwall Polytechnic Society.
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Frankfurt am Main.—Senckeiibergisclie Naturforscliende Gesellscbaft.
Freiburg im Breisgau.— Na:urforscbeiide Gesellscbaft.

Fribourg.—Societe Friliourgeoise des Sciences Naturelles.
Geneva.—Soci^t^ de Pb\sique & d'Histoire Naturelle.
Giessen.—Oberbessiscbe Gesellscbaft fiir Natur- uud Heilkunde,
Gloucester.—Cotteswold Naturalists' Field-Club.

Hague.—Societe Hollandaise des Sciences.

Halifax.—Yorksbire Geological Society.

Halle.—Leopoldiniscb-Caroliniscbe deutscbe Akademie der Naturforscber.
. Zeitscbrift fiir praktiscbe Geologic.

Helsingfors.—Societe Finlandaise de Geograpbie.
Jobannesburg.—Geological Societj' of Soutb Africa.

Konigsberg (Prussia).—Pbysikaliscb-Gilkonomiscbe Gesellscbaft.

Lancaster (Pa.).
—'Economic Geologj'.'

Lausanne.—Societe Vaudoise des Sciences Naturelles.

Leipzig.—Zeitscbrift fiir Kr3'stallograpbie.

Liege.—Societe Geologique de Belgique.
. Societe Ro.vale des Sciences de Liege.

Lille.—Societe Geologique du Nord.
Lima.—Sociedad de Geogrdfia.

Liverpool Geological Societj-.

London.— ' Tbe Atbena^um.'
. Eritisb Association for tbe Advancement of Science.

. Cbeniical Society.

. 'Tbe Cbemical News.'

. ' Tbe Colliery Guardian.'

. ' Tbe Geological Magazine.'

. Geologists' Association.

. Institution of Civil Engineers.

. Institution of Mining Engineers.

. Institution of Mining & Metallurgy.

. Institution of Water Engineers.

. Iron & Steel Institute.

. Linnean Societj'.

. 'Tbe Loudon, Edinburgb, & Dublin Pbilosopbical Magazine.'

. Mineralogical Societj'.

. ' Tbe Mining Magazine.'

. • Nature.'

. ' Tbe Naturalist.'

. Palseontograpbical Societj'.

, ' Tbe Quarrj^'
. Raj' Society.
. Royal Agricultural Societ3\

. Royal Astronomical Societ}'.

. Ro3'al Geographical Societj'.

. Royal Meteorological Society.

. Ro3al Microscopical SocietJ^

. Royal Pbotograpbic Society.

. Royal Society.

. Roj'al Societj^ of Arts.

. Society of Engineers.

. Soutb- Eastern Union of Scientific Societies.

. ' Water.'
. Zoological Societ3'.

Mancbester.— Literaiy & Pbilosopbical Societ3^

Melbourne (Victoria).—Australasian Institute of Mining & Metallurg3'.

. Royal Societ3' of Victoi'ia.

. ' Tbe Victorian Naturalist,'

Mexico.—Sociedad Cientilica ' Antonio Alzate.'

Milan.—Societa Italiana di Scienze Naturali.

Modena.—Societa Sismologica Italiana.

Newcastle-upon-Tyne.—Nortb of England Institute of Mining & Mechanical
Engineers.
. University of Durham Philosophical Societ5\

New Haven (Conn.).—Academy of Arts & Sciences.

. ' Tbe American Journal of Science.'
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New York.—Academy of Sciences.

. American Institute of Mining Engineers.

Northampton.—Northamptonshire Natiaral History Society.

Ottawa.—Royal Society of Canada.
Paris.—Annales des Mines.

. Societe Geologique de France.
Perth.—Perthshire Society of Natural Sciences.

Philadelphia.—Academy of Natural Sciences.

. American Philosophical Society.

Pisa.—Societa Toscana di Scienze Natui'ali.

Plymouth.—Devonshire Association for the Advancement of Science.

Kennes.—Societe Scientifique & M^dicale de I'Ouest.

. Societe Geologique & Mineralogique de Bretagne.

Rome.—Societa Geologica Italiana.

Rugb}^ School Natural History Society.

Santiago de Chile.—Sociedad Nacional de Mineria.

Stockholm.—Geologiska Forening.
Stratford.—Essex Field-Club.

Stuttgart.—Verein fur Naturkunde Wiirttembergs.
Sydney (N.S.W.). —Linnean Society of New South Wales.

. Royal Societj' of New South Wales.
Toronto.—Royal Canadian Institute.

Torquay Natural Historj^ Society.

Upsala.—Geological Institution of the University.

Vienna.—Geologische Gesellschaft.
. Berg- uud Huttenmannisches Jahrbuch.
. Zoologische-Botanische Gesellschaft.

Washington (D.C.).—Academy of Sciences.

. Geological Society of America.
Wiesbaden.—Nassauischer Verein fur Naturkunde.
Worcester.—Naturalists' Club.
York.—Yorkshire Philosophical Society.
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III. Persoin^al Do]sroES.

Abelspies, J. F. C.
Adolt, G.
Aguilar y Santillan, R.
Assmanu, P.

Barrell, J.

Bekker, H.
Bell, A.
Bell, N. A.
Bosworth, T. 0.
Briere, Y.

Brown, J. Coggin.
Burckhardt, C.

Cai'us- Wilson, C,

Chapman, F.

Clarke, K. de C.

Clarke, F. W.
Cole, J. A. G.
Crema, C.

Dall, W. H.
Daly, R. A.
Davies, David.
Davisor, E. H.
Delhaye, F.

Ditmas, F. I. L.

Dixon, E. E. L.
DoUfus, G. F.

Dorlodot, H, de.

Douville, H.
Drygalski, E. von.

Erdtniann, 0. G. E.

Fleury, E.

Poshag, W. F.

Gardiner, C. I.

Green, J. F. N.

Halle, T. G.
Harmer, F. W.
Haughton, S. H.

Henderson, J.

Hobson, B.

Holmes, A.
Holmquist, P. J.

Howchin, W.
Hume, G. S.

Jahn, A.
Jones, T. A.

King, W. W.
Kunz, G. F.

Launay, L. de.

Leach, A. L.
Leslie, T. N.
Liuck, G.
Lugeon, M.
Lull, R. S.

McConnell, P.

Marriott, R. A.
Martel, E. A.
Martin, E. A.
Martv, P.

Mennell, F. P.

Muhr, H.
Moir, J. R.
Mones tier, J.

Morgan, P. G.

Neaverson, E.

Osborn, H. F.

Parkinson, J.

Penck, A.
Penzer, N. M.
Peragallo, M.
Pilgi im, L.

Plymen, G. H.
Pruvost, P.

Rastall, R. H.

Reed, F. R. C.

Reid, Mrs. E. M.
Renier, A.
Reynolds, S. H.
Richardson, W. A.
Roxo, M. G. de 0.

Sargent, H. C.

Schlosser, M.
Schuchert, C.

Shannon, E. V.
Sheppard, T.
Smith, S.

Smith, W. Campbell.
Spath, L. F.
Spitaler, R,
Stamp, L. D.
Stevenson, S.

Stuart, M.
Sutton, J. R.

Taber, S.

Teilhard de Chardin, P.

Teruiier, P.

Thomson, G. M.
Thorpe, M. C.

Thorpe, M. R.
Tilley, C. E.
Torcflli, A. J.

Troxell, E. L.

Van Straelen, V.

Walther, J.

Washington, H. S.

Watts, W. \V.

Wayland, E. J.

Weutworth, C. K.
Whitaker, W.
WHiitehead, H.
Wieland, G. R.

Woodward, C. J.

Woolacott, D.



part 1] ANNUAL EEPORT. xvii

COMPARATIA^E STATEMENT OE THE NUMBER OF THE SOCIETT AT
THE Close of the Years 1920 and 1921.

Dec. 31st, 1920. Dec. 31st, 1921.

Compounders 207 198
Contributing Fellows 1012 1036
Non- Contributing Fellows ... 10 9

1229 1243
Foreign Members 32 37
Foreign Correspondents 27 28

1288 1308

Comparative Statement^ explanatory of the Alterations in the

JSumher of Felloivs, Foreign Members, and Foreign Correspon-

dents at the close of the Years 1920 and 1921.

Number of Compounders, Contributing, and Non- 1 , f^oq

Contributing Fellows, December 31st, 1920 ... J

Add Fellows elected dm-ing the former year and 1 ^r.

paid in 1921
J

^
Add Fellows elected and paid in 1921 45
Add Fellow reinstated 1

1301
Deduct Compounders deceased 12

Conti'ibuting Fellows deceased 22
Contributing Fellows resigned 17
Non-Contributing Fellow deceased 1

Fellows removed in accordance with Sect. VI,
Art. 6, of the Bye-Laws 6

— 58

1243
Number of Foreign Members and Foreign Cor- 1 ^^

respondents, December 31st, 1920
J

Deduct Foreign Member deceased and Foreign 1 ^
Correspondent resigned

J

Deduct Foreign Correspondents elected Foreign
| ^

Members
J

51
Add Foreign Members and Foreign Correspon- 1 -. .

dents elected
J

— 65

1308

YOL. LXXVIII.
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Deceased Fellows.

Compounders (12).

Evans, M. [elected in 1872].

Feiklen, Col. H. W. [el. 1875].

Fletcher, Sir Lazarus [el. 18791.

HaAvkshaw, J. C. [el. 18661
"^

Love, J. [el. 1876].

Lucas, Col. F. [el." 1883].

Lucas, H. [el. 1864].
Mallett, F. E. [el. 1868].
Miall, L. C. [el. 1875].
Nicholas, W. [el. 1874].
Eidewood, W. G-. [el. 1895].
Wrightson, Sir Thos. [el. 18761,

Contributing Fellows (22).

Clinch, a. [elected in 1899].

Davies, T. W. [el. 1896].

Douglas, T. [el. 1873].

Ducie, Earl of [el. 1853].

Fowler, Gr. [el. 1875].

Galloway, T. L. [el. 1876].

Garforth, Sir William [el. 1891].

Gwinnell, W. F. [el. 1889].

Harland, Eev. A. A. [el. 1878].

Ho^ben, G. [el. 1911].

Jenkins, D. M. [el. 1919].

Lavanchy, F. M. [el. 1906].
Longstaff, G. B. [el. 1906].

Maidwell, F. T. [el. 1919].
Molyneux, A. J. C. [el. 1897].
Pearse, A. L. [el. 1894].

Parke, G. H. [el. 1879].

Eeeve, J. [el. 1901].

"Wadsworth, M. E. [el. 1889].

Win wood, Eev. H. H. [el. 1864]

,

Woodward, H. [el. 1864].

Zabel, C. F. [el. 19191.

Non-Contrihuting Fellow (1).

Duckworth, H. [elected in 1858].

Allworthy, S. W.
Barnett, W. J.

Brown, E. G.

Brown, H. T.

Carpenter, S. W.
Clark, J. E.

Dodd, C.

Edwards, W.
Fenner, C.

Balcon, S.

Bowen, D.
Lubbock, M.

Fellows Eesigxed (17).

1 Homan, B. van.

I

Hughes, W. E.

Mackenzie, G. L.

Peacock, A,

Pollen, Lt.-Col. C. H.
Eobson, V. E.

Satow, P. A.
Taylor, T. G.

Fellows Eemoved (6).

Eivington, W. E. G.

Schofield, E.

Wells, J.
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Fellows Elected (71).

Bain, A. D. N.
Bisat, W. S.

Blanford, A. W.
Brown, J.

Budgell, H. R.

Barling, L, D.
Cave, C. J. P.

Charles, A. J.

Chilcott, B. G.

Clark, Rev. L. K.
Cornwall, I. E.

Cunnington, E. B. H.
Davies, D. J.

Davies, R. B.

Davies, S. J,

de Camps, E. B. E.

Dines, H. Gr.

Dixon, H. G. D.
Duncan, J. S.

Edge, A. B.

Erb, J. T.

Glenday, V.

Green, W.
Griffiths, D.
Grindley, H. E.

Harrison, J. R.
Hartley, J. J.

Hatch, H. B.

Haydon, R, H. S.

Henderson, F. Y.

Henderson, T.

Hogan, M. A.

Hudson, R. G. S.

Johnson, H. E.

Jones, T. B.

Kendrick, R. M.

Le Grand, J. P.

Lewis, H. P.

Little, O. H.
Littlehales, C. I.

McCormick, J.

McLintock, W. F. P.

Merrett, E. A.
Mizzi, L. F.

Murray, E. F. 0.

Narke, G. G.

Nuttall, W. L. F.

Penney, F. M.
Perrott, B.

Pillar, J. E.

Prisk, R.
Pugh, W. J.

Raeburn, C.

Rao, M. V.

Rau, S. S.

Ridge, H. M.
Ritson, J. R.
Robertson, T.

Sadek, H.
Segnit, R. W.
Sikes, H. L.

Stanworth, J.

Thomas, R. H.
Thompson, Rev. J. C.

Trotter, F. M.
Turner, H. W.
Wadia, D. N.
Watkins, F. L.

Whitfield, T. W.
Williams, R. R.
Wilson, L. E.

FoREiGis" Member Deceased.

Nathorst, Alfred Gabriel [elected in 1904].

FoBEiGN Correspondent Resigned.

Lehmann, Prof. Johann [elected in 1892].

b 2
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The following Personages were elected Foreign Members during

the year 1921 :—

Dr. Frank AVigglesworth Clarke, of Washington (D.C.).

Prof. Eniile Flaug, of Paris.

Prof. Maurice Lugeon, of Lausanne.

Prof. Hans Schardt, of Ziirich.

Dr. Jakob Johannes Sederholm, of Helsingfors.

Dr. Henry Stephens Washington, of Washington (D.C.).

The following Personages were elected Foreign Correspondents

dui'ing the year 1921 :
—

Prof. Lucien Caj^eux, of Paris.

Dr. Maurice Cossmann, of Paris.

Prof. Henr}" de Dorlodot, of Louvain.

Dr. Henri Douville, of Paris.

Prof. Louis Duparc, of Greneva.

Prof. Johan Kiser, of Christiania.

Prof.Waldemar Lindgren, of Boston (Mass.).

Prof. John J. Stevenson, of Xew York City.

After the Reports had been read, it was resolved :—
That they be received and entered on the Minutes of the Meeting,

and that such parts of them as the Council shall think fit be printed

and circulated among the Fellows.

It was afterwards resolved :

—

That the thanks of the Societv be o-iven to Mr. R. D,

Oldham, retiring from the office of President ; to Mr. Gr. W.
Lamplugh and Col. H. Gr. Lyons, retiring from the office of Yice-

President (and also from the Council) ; to Dr. H. H. Thom.as,

retiring from the office of Secretary ; and to Dr. J. Y. Elsden,

Prof. P. F. Kendall, and Lieut.-Col. Sir A. Henry McMahon,
retiring from the Council.

After the Ballotmg-Glasses had been closed, and the Lists

examined by the Scrutineers, the following gentlemen were declared

to have been duly elected as the Officers and Council for the

ensuing year :

—
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OFFICEES AND COUNCIL.—1922.

PRESIDENT.

Prof. A. C. Seward, Sc.D., F.R.S., F.L.S.

VICE-PRESIDENTS.

Prof. Edmund Johnston Garwood, M.A., Sc.D., F.R.S.

Eichard Dixon Oldham, F.ll.S.

George Thm-land Prior, M.A., D.Sc, F.E.S.

Herbert Henr}^ Thomas, M.A., Sc.D.

SECRETARIES.

Walter Campbell Smith, M.C., M.A.

James Archibald Douglas, M.A., B.Sc.

FOREIGN SECRETARY.

Sir Archibald Geikie, O.M., K.C.B., D.C.L., LL.D., Sc.D.,

F.E.S.

TREASURER.

Eobert Stansfield Herries, M.A.

COUNCIL.

FrederickNoelAshcroft,M.A.,F.C.S.

Francis Ai'thur Bather, M.A., D.Sc,
F.E.S.

Prof. Percy George Hamnall Bos-
well, O.B.E., D.Sc.

Prof. William S. Boulton, D.Sc,
Assoc.E.C.Sc

Thomas Crosbee Cantrill, B.Sc.

James Archibald Douglas, M.A.,
B.Sc.

John Smith Flett, O.B.E., M.A.,
LL.D., D.Sc, M.B., F.E.S.

Prof. Edmund Johnston Garwood,
M.A., Sc.D., F.E.S.

Sir Archibald Geikie, O.M., K.C.B.,

D.C.L., LL.D., Sc.D., F.E.S.

John Frederick Norman Green, B.A.
Frederick Henry Hatch, O.B.E.,

Ph.D.

Eobert Stansfield Herries, M.A.
Prof. Owen Thomas Jones, M.A.,

D.Sc.

William Bernard Eobinson King,
O.B.E., M.A.

Eichard Dixon Oldham, F.E.S.

George Thurland Prior, M.A., D.Sc,
F.E.S.

Prof. Sidney Hugh Eeynolds, M.A.,
ScD.

Prof. Albert Charles Seward, Sc.D.,

F.E.S., F.L.S.

Walter Campbell Smith, M.C., M.A.
Sir Aubrey Strahan, K.B.E., Sc.D.,

LL.D., F.E.S.

Herbert Henry Thomas, M.A., Sc.D.

Prof. Williain Whitehead Watts,

M.A., Sc.D., LL.D., F.E.S.

Henry Woods, M.A., F.E.S.



xxii PEOCEEDINGS OF THE GEOLOaiCAL SOCIETY. [vol. Ixxviii,

LIST OF

THE FOREIGN MEMBERS

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1921.

Date of
Election,

1884, Commendatore Prof. Gioranni Capellini, Bologna.

188(3. Prof. Gustav Tscliermak, Vienna.

1891. Prof. Charles Barrois, Lille.

1893. Prof. Waldeniar Christofer Brogger, Christiania.

1894. Prof. Edward Salisbury Dana, New Haven, Conn. (U.S.A.).

1896. Prof. Albert ileim, Zurich.

1897. Br. Hans ileusch, Christiania.

1898. Dr. Charles Doohttle Walcott, Washington, B.C. (U.S.A.).

1899. Prof. Emanuel Kayser, Alunich.

1899. M. Ernest Van den Broeck, Brussels.

1900. M. Gustavo F. Dollfus, Paris.

1900. Prof. Paul von Groth, Munich.
1901. Dr. Alexander Petrovich Karpinsky, Petrograd,

1901. Prof. Antoine Fran9uis Alfred Lacroix, Paris.

1903. Prof. Albrecht Penck, Berlin.

1903. Prof. Anton K^ch, Budapest.

1904. Prof. Henry Fairtield Osborn, New York (U.S.A.).

1905. Prof. Louis Dollo, Brussels.

1907. Dr. Emil Ernst August Tietze, Vienna.

1907. Commendatore Prof. Arturo Issel^ Genoa.
1908. Prof. Buudjiio Koto, Tokyo.

1909. Pruf. Johan H. L. Vogt, Trondhjem.
1911. Prof. Baron Gerard Jakob De Geer, Stockholm.

1911. M. Emmanuel de Margerie, Strasbourg.

1912. Prof. Marcelliu Boule, Paris.

1913. Prof. Johannes Walther, Halle an der Saale.

1914. Prof. Friedrich Johann Becke, Vie7ina.

1914. Prof. Thomas Chrowder Chamberlin, Chicago, III. (U.S.A.).
1914. Prof, Franz Julius Loewinson-Lessing, Petrograd.

1914. Prof. Alexis Petrovich Pavlow, Moscoiu.

1914. Prof. William Berrvman Scott, Princeton, N.J. (U.S.A.).

1921. Dr. Frank Wi-gles"worth Clarke, Washington, B.C. (U.S.A.).

1921. Prof. Emile Hciug, Paris.

1921. Prof. Maurice Lugeon, Lausayine.

1921. Prof. Hans Schardt, Zurich.

1921. Dr. Jakob Johannes Sederholm, Helsingfors.

1921. Dr. Henry Stephens Washington, Washington, B.C. (U.S.A.).
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LIST OF

THE FOREIGN CORRESPONDENTS

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1921.

Date of
Election.

1889. Dr. Rogier Diederik Marius Verbeek, The Hague.

1898. Dr. W. H. Dall, Washington, B.C. {U.S.A.).

1899. Dr. Gerhard Holm, Stockholm.

1899. Prof. Theodor Liebisch, Berlin. {Deceased.)

1900. Prof. Federico Sacco, Turin.

1902. Dr. Thorvaldr Thoroddsen, Copenhagen.

1904. Dr. Erich Dagobert von Drygalski, Charlottenhurg

.

1904. Prof. Giuseppe de Lorenzo, Naples.

1904. The Hon. Frank Springer, East Las Vegas, New Mexico
(
U.S.A.).

1906. Prof. John M. Clarke, Albany, N. Y.
(
U.S.A.).

1906. Prof. William Morris Davis, Cambridge, Mass. (U.S.A.).

1909. Dr. Daniel de Cortazar, Madrid.

1911. Prof Arvid Gustaf Hogbom, Upsala.

1911. Prof. Charles Deperet, Lyons.

1912. Dr. Whitman Cross, Washington, B.C. (U.S.A.).

1912. Baron Francis Nopcsa, Vienna.

1912. Prof. Karl Diener, Vienna.

1912. Prof. Fusakichi Oiuori, Tokyo.

1912. Prof. Ernst Heinrich Weinschenk, Munich. (Beceased.)

1913. Dr. Per Johan Holmquist, Stockholm.

1921. Prof. Lucien Cayeux, Paris.

1921. Dr. Maurice Cossmaun, Paris.

1921. Prof. Henry de Dorlodut, Jjouvain.

1921. Dr. Henry Douville, Paris.

1921. Prof Louis Duparc, Geneva.

1921. Prof. Johan Kiser, Christiania.

1921. Prof. Waldemar Lindgren, Boston, Mass, (U.S.A.).

1921. Prof. John J. Stevenson, Neio York City (U.S.A.).
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XoTE.—The Lists of Awards of Medals and FTmds. up to the year 1907

inehisire. are published in the • History of the Geological Society.']

AWARDS OF THE WOLLASTON MEDAL

UNDER THE CONDITIONS OF THE ' DONATION FUND,'

ESTABLISHED BY

WILLIAM HYDE WOLLASTON, M.D.. F.E.S.. F.G.S., etc.

To promote researches coDcerning the mineral structure of the Earth, and to

enable the Council of the Geological Society to reward those individuals of any

countr}- by whom such researches may hereafter be made,'
—

'' such individual not

being a Member of the Council.'

1908. Prof. Paul von Groth.

1909. Mr. Horace B. Woodvvard.

1910. Prof. WiUiaiu B. Scott.

1911. Prof. W'aldemar C.Brogger.

1912. Sir Lazarus Fletcher.

1913. The Ker. Osmond Fisher.

1914. Prof. John Edward Marr.

1915. Sir T. W\ Edgeworth David.

1916. Dr. A. P. Karpinsky.

1917. Prof. A. F. A. Lacrols.

1918. Dr. Charles D. Walcott.

1919. Sir Aubrey Strahan.

1920. Prof. G. J. De Geer.

Dr. B. X. Peach.

Dr. John Home.
1922. Dr. Alfred Harker.

1921.

AWAEDS
OF THE

BALANCE OF THE PROCEEDS OF THE WOLLASTON
' DONATION FUND.'

1908. Dr. Herbert Henry Thomas.

1909. Mr. Arthur- J. C. Molyneux.

1910. Mr. Edward B, Bailey.

1911. Prof Owen Thomas Jones.

1912. Mr. Charles Irving Gardiner.

1913. Mr.WilliaraWlckham King.

1914. Mr. R. Bullen Newton.

1915. Mr. Charles Bertie Wedd.

1916. Mr.William Bourke Wright.

1917. Prof. Percy G. H. Bos well.

191S. Mr. Albert Ernest Kitson.

1919. Dr. A. L. Du Toit.

1920. Mr. William B. R. King.

1921. Dr. Thomas 0. Bosworth.

1922. Dr. Leonard J. WiUs.
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AWARDS OF THE MURCHISON MEDAL

UNDER THE CONDITIONS OF THE

'MURCHISON GEOLOGICAL FUND,'

ESTABLISHED UNDER THE WILL OF THE LATE

SIR RODERICK IMPEY MURCHISON, Bakt., F.R.S., F.G.S.

',,To be applied in every consecutive j'ear, in such manner as the Council of the

Society may deem most useful in advancing Geological Science, whether by

granting sums of money to travellers in pursuit of knowledge, to authors of

memoirs, or to persons actually employed in any enquiries bearing upon the

science of Geolog}', or in rewarding any such travellers, authors, or other persons,

and the Medal to be given to some person to whom such Council shall grant

any sum of mone}'^ or recompense in respect of Geological Science.'

1908. Prof. Albert Charles Seward.

1909. Prof. Grenville A. J. Cole.

1910. Prof. Artliur P. Coleman.

1911. Mr. Richard Hill Tiddeman.

1912. Prof. Louis Dollo.

1913. Mr. George Barrow.

1914. Mr. William A. E. Ussher.

1915. Prof. William W. Watts.

1916. Dr. Robert Kidston.

1917. Dr. George F. Matthew.

1918. Mr. Joseph Burr Tyrrell.

1919. Miss Gertrude L. EUes.

1920. Dame E. M. R. Shakespear.

1921. Mr. Edgar Sterling Cobbold.

1922. Dr. John William Evans.

AWARDS
OF THE

BALANCE OF THE PROCEEDS OF THE

^MURCHISON GEOLOGICAL FUND.'

1908. Miss Ethel Gertrude Skeat.

1909. Dr. James Vincent Elsden.

1910. Mr. John Walker Stather.

1911. Mr. Edgar Stirling Cobbold.

1912. Dr. Arthur Morley Davies.

1913. Mr. Ernest E. L. Dixon.

1914. Mr.FrederickNairnHaward.

1915. Mr. David Cledlyn Evans.

1916. Mr. George Walter Tyrrell.

1917. Dr. William Mackie.

1918. Mr. Thomas Crook.

1919. Mrs. Eleanor Mary Reid.

1920. Dr. David Woolacott.

1921. Dr. Albert Gilligan.

1922. Mr. Herbert Bolton.
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AWARDS OF THE LYELL MED^L

ir>"DER THE C02fDITI0XS OP THE

' LYELL GEOLOGICAL FUND,

ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE

SIR CHAELES LYELL, Bart., F.E.S., F.G.S.

The Medal ' to be cast iu bronze and to be given annually ' (or from time to time)

'as a mark of honorary distinction and as an expression on the part of the

governing body of the Society that the Medallist (who maj' be of any country

or either sex) hias deserved well of the Science,'
—

' not less than one third of the

annual interest Lof the fund^ to accompauj- the Medal, the remaining interest

to be given in one or more portions, at the discretion of the Council, for the

encouragement of Geolog}' or of any of the allied sciences b}' which they shall

consider Geology to have been most materially- advanced, either for travelling

expenses or for a memoir or paper published, or in progress, and without

reference to the sex or nationality of the author, or the language in which any

such memoir or paper may be written.'

There is a further provision for suspending the award for one year, and in

such case for the awarding of a Medal to ' each of two persons who have been

jointly engaged in the same exploration in the same country, or perhaps on

allied subjects in different countries, the. proportion of interest alwajs not being

less to each Medal than one third of the annual interest.'

1908. Mr. Richard Dixon Oldham. 1915. Prof, Edmund J. Garwood.

1909. Prof. Percv Fry Kendall. 191t3. Dr. Charles W. Andrews.

1910. Dr. Arthur Vaughan.
|

1917. Dr. Wheelton Hind.

J
Dr. Francis Arthur Bather. : 1918. Mr. Heiiry Woods.

I
Dr. Arthur "Walton Howe,

j
1919. Dr. William Eraser Hume.

1912. Mr. Philip Lake.
|
1920. Dr. Edward Greenly.

1913. Mr. Sydney S. Buckman. ' 1921. M. E. de Margerie.

1914. Mr. Charles S. Middlemiss. 1922. Dr. Charles Davison.
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AWARDS

OF THE

BALANCE OF THE PROCEEDS OF THE
'LYELL GEOLOGICAL FUND.'

1908. Prof. T. Frankliu Sibly.

1908. Mr. H. J. Osborne White.

1909. Mr. H. Brantwood Maufe.

1909. Mr. Robert G. Carriithers.

1910. Dr. F. R. Cowper Reed.

1910. Dr. Robert Broom.

1911. Prof, Charles Gilbert Cullis.

1912. Dr. Arthur R. Dwerry house.

1912. Mr. Robert Heron Rastall.

1913. Mr. Llewellyn Treacher.

1914. The Rev. Walter Howchin.

1914. Mr. John Postlethwaite.

1915. Mr. John Parkinson.

1915. Dr. Lewis Moysey.

1916. Mr. Martin A. 0. Hinton.

1916. Mr. Alfred S. Kennard.

1917. Prof. A. Hubert Cox.

1917. Mr. Tressilian C. Nicholas.

1918. Mr. Vincent Charles Illing.

1918. Mr. William Kiiigdon

Spencer.

1919. Mr. John Pringle.

1919. Dr. Stanley Smith.

1920. Dr. John D. Falconer.

1920. Mr. Ernest S. Pinfold.

1921. Dr. Herbert L. Hawkins.

19ia. Mr. C. E. N. Bromehead.

1922. Mr. Arthur Macconochie.

1922. Mr. David Tait.
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AWARDS OF THE BIGSBY MEDAL,

FOUNDED BY THE LATE

Dr. J. J. BIGSBY, F.R.S., F.G.S.

To be awarded bienniall}' ' as an acknowledgment of eminent services in anj' depart-

ment of Geolog}', irrespective of tlie receiver's countrj^; but he must not be

older than 45 j-ears at bis last birthday, thus probably' not too old for further

work, and not too young to have done much.'

1909. Dr. John Smith Flett.

1911. Prof. Otheiiio Abel.

1913. Sir Thomas II. Holland.

1915. Dr. Henry Hubert Harden.

1917. Mr. Robert G. Carruthers.

1919. Sir Douglas Mawson.

1921. Dr. Lewis L. Fermor.

AWARDS OF THE PRESTWICH MEDAL,

ESTABLISHED UNDER THE WILL OF THE LATE

SIR JOSEPH PRESTWICH, F.KS., F.G.S.

To apply the accumulated annual proceeds ... at the end of every three years, in

providing a Gold Medal of the value of Twenty Pounds, which, wdth the

remainder of the proceeds, is to be awarded ... to the person or persons, either

male or female, and either resident in England or abroad, who shall have done well

for the advancement of the science of Geologj' ; or, from time to time to accumulate

the annual proceeds for a period not exceeding six years, and apply the said

accumulated annual proceeds to some cbject of special research bearing on

Stratigraphical or Physical Geology, to be carried out by one single individual or

by a Committee; or, failing these objects, to accumulate the annual proceeds for

either three or six years, and devote such proceeds to such special purposes as

may be decided.'

1909. Lady (John) Evans.

1912. Library extension.

1915. Prof. Emile Cartailhac.

1918. Sir William Boyd Dawkins.

1921. List of Geolooical Literature.
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AWARDS OF THE PROCEEDS OF THE BARLOW-
JAMESON FUND,

ESTABLISHED UNDER THE WILL OF THE LATE

Dr. H. 0. BARLOW, F.G.S.

' The perpetual interest to be applied every two or three years, as may be approved by

the Council, to or for the advancement of Geological Science.'

1908. * Grey-Wether ' sarsens on

Marlborough Downs.

1911. Mr. John Frederick Norman

Green.

Mr. Bernard Smith.
1913.

\ Mr. John Brooke Scrivenor

.

1915. Mr. Joseph G. Hamling.

1917. Mr. Henry Dewey.

1921. List of Geological Litera-

ture.

AWARDS OF THE PROCEEDS OF THE
' DANIEL-PIDGEON FUND/

FOUNDED BY MRS. PIDGEON^ IN ACCORDANCE WITH THE

WILL OF THE LATE

DANIEL PIDGEON, P.a.S.

' An annual grant derivable from the interest on the Fund, to be used at the

discretion of the Council, in whatever way may in their opinion best promote

Geological Original Research, their Grantees being in all cases not more than

twenty-eight years of age.'

1908. Mr. James A. Douglas.

1909. Dr. Alexander M. Finlayson.

1910. Mr. Robert Boyle.

1911. Mr. Tressilian C. Nicholas.

1912. Mr. Otway H. Little.

1913. Mr. Roderick U. Sayce.

1914. Prof. Percy G. H. Boswell.

1915. Mr. E. Talbot Paris.

1916. Dr. John K. Charlesworth.

1917. Dr. Arthur Holmes.

1918. Mr. James A. Butterfield.

1920. Miss M. E. J. Chandler.

1920. Mr. L. Dudley Stamp.

1921. Mr. Ralph W. Segnit.

1921. Mr. Frederick S. Wallis.
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JEstimates for

INCOME EXPECTED.

Compositions 157 10

Admission-Fees, 1922 420

577 10

Arrears of Annual Contributions 130

Annual Contributions, 1922 , . . 2100

Annual Contributions in advance 90

2320

Quarterly Journal Subscriptions 220

Record of Geol. Lit. Subscriptions 30

250
Sale of the Quarterly Journal, including Long-

mans' Account 400

Sale of other Publications 15

Miscellaneous Receipts 30

Interest on Deposit-Account 20

Dividends on £2500 India 3 per cent. Stock .

.

75

Dividends on £300 London, Brighton, & South
Coast Railway 5 per cent. Consolidated Pre-
ference Stock 15

Dividends on £2250 London & North-Western
Railway 4 per cent. Preference Stock 90

Dividends on £2800 London & South-Western
Railway 4 per cent. Consolidated Preference

Stock 112

Dividends on £2072 Midland Railway 2\ per

cent. Perpetual Preference Stock 51 16

Dividends on £267 6s.7^. Natal 3 per cent. Stock. 8

351 16

Total Ordinarv Income .

.

£3964 6

Deficit 445 14

£4410
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the Tear 1922.

EXPENDITUEE ESTIMATED.

£, s. d. d8 s. d.

Repairs and Maintenance Fund i^OO

House-Expenditure :

Taxes & Fire-insurance 25

Electric Lighting- and Maintenance 65
Gas 40
Fuel 60

Annual Cleaning 25

Washing and Sundry Expenses 70

Tea at Meetings 30
315

Salaries and Wages, etc 1450

Office-Expenditure :

Stationery 60
Miscellaneous Printing 130
Postages and Sundry Expenses 100
List of Fellows 100

390

Grant to Conjoint Board of Scientific Societies 10

Library (Books and Binding) 150

(OatalogLie Cards) 20
170

Publications :

Quarterly Journal (Vol. Ixxviii), including

Commission on Sale 950
Postage on Journal, Addressing, etc 75

Abstracts of Proceedings, including Postage . 250
Record of Geological Literature for 1921 ... 150

1425

Total Ordinary Expenditure . .
£-3960

Special Expenditure.

Compilation of Record of Geological Literature (1915-

1919) ,, . . . 450

£4410

EGBERT S. HERRIES, Treasurer.

January 27th, 1922.



Income and Expenditure during the

RECEIPTS.
£ s. d. £ s. d.

To Balance in the hands of the Bankers at

January 1st, 1921

:

Current Account 289 7 6

,, Balance in the hands of the Clerk at

January 1st, 1921 20 1 9

Compositions

— 309

1-57

1:17

131

12

10

6

o

8

Admission-Fees

:

Arrears ... 163 16

10Current ... 283

Ai'rears of Annual Contributions . .

.

Annual Contributions for 1921 :

—

Resident Fellows ... 2034 7 6

Annual Contributions in advance . .

.

.. 87
9191 7 ft

Publications :

Sale of Quarterly Journal

:

., Vols, i to Ixxvi (less Commission
^10 5s. lid.) 132 14

„ Vol. Ixxvii (less Commission
^836 6s. 5d.) 204 19 3

337 13 3

Quarterly Journal Subscriptions 233 18 8

Other Publications (less Commission) 35 9 6

Miscellaneous Receipts 30 14'. 10

Interest on Deposit 22 5

Dividends, as received :

—

^2500 India 3 per cent. Stock 75

^300 London, Brighton, & South Coast
Railway 5 per cent. Consolidated

Preference Stock 10 10

^62250 London & Xorth-Western Railway
4 per cent. Preference Stock 63

^62800 London & South-Western Railway
4 per cent. ConsoKdated Prefer-

ence Stock 78 8

^2072 Midland Railway 2h per cent.

Perpetual Preference Stock 36 5 2

^267 6s. 7d. Natal 3 per cent. Stock 5 12 4

.£500 5 per cent. War Stock (1929-1947) 25

293 15 6

„ Income-Tax recovered 83 10

Special "Receipts.

To Transfer from Sorby & Hudleston Bequests. 171 15

„ the Prestwich Fund 65 18 6

,, „ „ the Barlow .Jameson Fund ... 56 19 9

294 13 3

„ Sale of £500 5 per cent. War Stock 1929-1947 ... 438 5 3

£4936 16 5



Year ended Deceiiiber 31st, 1921.

PAYMENTS.
£) s. d, <£ s, d.

By Maintenance Fund 250

,, House- Expenditure :

Taxes 15

Fire- and other Insurance 24 16 7

Electric Lighting and Maintenance 53 5 10

Gas 36 2 4
Fuel 39 19 6

Furniture and Repairs 16 19

House-Repairs and Maintenance 2 2 5

Annual Cleaning 16 5 3
j

Washing and Sundry Expenses 71 18 in

Tea at Meetings 27 7 i
289 4 6

„ Salaries and Wages, etc.

:

^
Permanent Secretary 550 li

Librarian 300
"

Clerk 200
Junior Assistant 104
House-Porter and Wife 14117 6

Housemaid 79 2

Charwoman and Occasional Assistance ... 3011
Accountants' Fee 10 10

Extra Assistance 13

1429 G

,, Office-Expenditure :

Stationery 54 16 9

Miscellaneous Printing 150 6 4

Postages and Sundry Expenses 114 3 11

319 7

,, Library (Books and Binding, etc.) 164 17 2

„ Library- Catalogue : Compilation 50

,, Publications :

Quarterly Joui-nal, Vol. Ixxvii, Paper,

Printing, and Illustrations 940 3 8

Postage on Journal, Addressing, etc 80 17 8

Abstracts, including Postage 246 15

List of Geological Literature 173 17 3

1441 13 7

,, Grant to the Conjoint Board o£ Scientific

Societies (1920 & 1921) 20 10

Special Expenditure.

By Quarterly Journal (parts 3 & 4 of Vol. Ixxvi) 623 12 2

,, Geological Literature, 1913 249 5 4

„ „ ,5 ,
1915-19, Compilation

(ona/c) 25

897 17 6

By Balance in the hands of the Bankers
at December 31st, 1921 71 3 9

,, Balance in the hands of the Clerk at

December 31st, 1921 3 2 5

74 6 2

We have compared this Statement with
the Books and Accounts presented to us, £4936 16 5
and find them to agree. ^=i^=^=i

Auditors.
J. FREDK. N. GEEEN,
E. M. DEELEY,

January S7th, 1922 ROBERT S. HERRIES Treasurer.

^lOL. LXXYIII. C
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Statement relating to the Society's Property,

December Slsf, 1921.

£ s. d. £ s d.

Balance in the Bankers' liands, December 31st,

1921 71 3 9

Balance in the Clerk's hands, December 31st, 1921 3 2 5
74 () 2

Balance of the Maintenance Fund 137 9

Balance of the Sorby and Hudleston Funds .... 1 14
139 3

Arrears of Annual Contributions 226 6
(Estimated to produce £130 Os. Od.)

£439 15 2

Funded Property, at cost price :

—

£2500 India 3 per cent. Stock 2623 19

£300 London, Brighton, & South Coast Rail-

way 5 per cent. Consolidated Preference

Stock 502 15 3

£2250 London & North-Western Railway

4 per cent. Preference Stock 2898 10 6

£2800 London & South-Western Railway

4 per cent. Consolidated Preference Stock . 3607 7 6

£2072 Midland Railway 2^ per cent. Per-

petual Preference Stock 1850 19 6

£267 Qs. 7d. Natal 3 per cent. Stock 250

£2000 Canada 3^ per cent. Stock (1930-
1950) 1982 11

£13,716 2 9

[Note.—The above amount does not include the value of the Library, Furniture,

and stock of unsold Publications. The value of the Funded Property of the

Society, at the prices ruling at the close of business on December 31st, 1921,

amounted to £7193 Qs. 6f7.]

ROBERT S. IIERRIES, Treasurer.

January 27th, 1922.
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AWAED OF THE WOLLASTOJT MeDAL.

In presenting the AVollaston Medal to Dr. Alfeed Haee:ee,

F.R.S., the PsEsiDEyT adcbessed him as follows: —

Dr. Haekee,—
From the first you have recognized, as tou were among the first

to realize, the necessity of combinins: field-work with laboratory

research. ^Yell qualified by jouv mathematical training to apply

the laws of crystal optics and physical chemistry to petrological

problems, your early work on the Bala volcanic series, the Shap

granite, and Carrock Fell, established your position as a petrologist

and field-geologist. Selected to the Geological Survey for the

purpose of surveying portions of the Tertiary volcanic region of

the West of Scotland, your ten years' service produced two important

m.emoirs, on the Tertiary igneous rocks of Skye and on the Small

Isles of Inverness-shire, In addition to these, and many other

records of observations, your work has always been characterized

by a breadth of view and a recognition of fundamental principles.

Ap]Dlying the results of physical chemistry to the differentiation

of rock-magmas, you have indicated a manner in which a separation

of the alkaline and calcic portions might be brought about, and

you were the first to draw attention to the correspondence of the

distribution of these types Avith areas characterized by the Atlantic

and Pacific types of coast-line. Your work on the ' Xatm-al

History of Igneous Rocks ' and your addi*esses to the British

Association and to this Society have all been important contribu-

tions to theoretical sreolosrv. For these reasons the Council has

accorded to you the Wollaston Medal, in recognition of those

manifold services, by which you have advanced our knowledge of

the mineral structm-e of the Earth, both in the nan*ower and in the

more extended meaning of the words.

Dr. Haekee replied in the following words :

—

Mr. Peesidext,—
I wish to express my keen appreciation of the distinction which

has been conferred upon me, and to record my thanks to the

Council for their generous estimate of my merits. To so high an

honour I have never ventured to aspire. If a perusal of the list of
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former Wollaston Medallists left me with a lively sense of my
own unworthiness, this feeling has at least been tempered b}^ the

kind congratulations of friends, and now by the graceful words

with which you have accompanied the presentation.

The occasion is one which invites retrospect, and the personal

note will perhaps be pardonable. Looking back, I acknowledge

that the lines have fallen to me in pleasant places. I should be

ungrateful were I to forget the constant support extended to me
by my College, or the debt which I owe to Prof. Hughes, who

first turned my steps into the paths of Greology. Gratefully too,

I recall the encouras^ement which I have received from this

Society, and from the comradeship of colleagues at Cambridge and

many friends in London and Edinburgh. Much of my active life

has been passed in teaching. If such occupation limits in some

measure the time that can be given to private work, it still

brings notable compensations. It is good, I think, to be brought

back often to first principles, and to be braced by contact with

younger and more ardent minds. You, Sir, have emphasized the

value of field-work in conjunction with laboratory research. It

was by the good offices of Sir Archibald Geikie that I have been

enabled to enjoy this advantage also, and to acquire some experience

of systematic mapping amid the delightful scenes of the West

Highlands.

I wish I could believe that all these favours of fortune have

been turned to the best account in the service of Geology, but I

am. conscious of many shortcomings. There remains the hope that

some years of activity may still be left for me to justify, if I can,

the honour now bestowed upon me.

AWAED OF THE MUECHISOIS^ MeDAL.

The PEESiDEisfT then presented the Murchison Medal to Dr.

JoHisr William Eyafs, E.R.S,, addressing him as follows :

—

Dr. Etans,—
Taking up the study of geology, originally from pure love of the

subject, you have had an extensive, varied, and fruitful experience.

In Western and Southern India and in South America you have

conducted and controlled important geological investigations.
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contributing largely by your o\Yn observations to, and by

Your "wi'itino^s to the dissemination of, the results ; nor have you

feared to attack the more abstruse and polemical problems of

theoretical geology, of which you have been an eloquent illuminator

and interesting exponent. To many, doubtless, this aspect of your

activities looms largest, to the exclusion of the great amount of

laborious and detailed work which you have devoted to observation

in field and laboratory, and of the contributions which you have

made to our knowledge of the origin of rocks, both igneous and

sedimentary. It is this side of your activities which carried most

Aveight with the Council in its decision to award to you the

jMurchison Medal of the Society, nor was it oblivious of the

service which you have rendered to science, by the use of your

influence, in initiating, extending, and guiding the conduct of geo-

logical investigations in the colonies and dependencies of the

British realm. Xot in one wav onlv have vou earned that recos:-

nition which it is a pleasure to convey to you in the name of the

Society.

Dr. EvAXS replied in the following words :—

-

Mr. Peeside>'t,—
It is nearly a third of a century since Prof. Judd awarded to me

a medal struck from the same die as that which I have just been

so fortunate as to receive at your hands. The former was given

as an encouragement to one who was commencing his geological

career. This ]Medal, I trust, I can accept as an assm-ance that I

have not entirely wasted the intervening years. If some may
think that, in a life with many calls upon it, I have attempted too

much and carried too little to completion, I would plead that I

have learnt, as I could not otherwise have done, how vast are the

problems which our science presents for solution, and have been

enabled to assist the younger men, with whom 1 have come into

contact in my College and Colonial Office work, to realize the

wide field of research that lies oj^en before them.
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Award of the Lyell Medal.

In handing the Lyell Medal, awarded to Dr. Chaeles DAYisoy,

to Prof. W. W. Watts for transmission to the recipient, the

President addressed him as follows :

—

Professor Watts,—
The Council has awarded the Lyell Medal to Dr. Davison. Not

unmindful of his contributions to observational geology, or of his

contributions to the problems connected with the constitution and

consolidation of the Earth, it has based this award mainly on his

lifelong devotion to the study of earthquakes. Commencing at a

time when he was almost alone, in this country, as a student of

the subject, he has steadfastly accumulated a mass of detailed

observations and critical discussion, \Yhich has very materially

-advanced our knowledge. His recognition of the duplex origin

•of certain earthquakes has been fruitful of result, and has been

extended by others, until it is now a truism that the origin of an

earthquake need not be from a single centre, but may be of a

very complex and extended character. To a long list of published

contributions to the study of earthquakes he has recently added,

hj the issue of a manual of that older branch of seismology,

more especiallj^ connected with geology, in which the subject is

handled in a lucid and philosophical manner. In recognition of

these services the Council decided to award to him one of the

medals at their disposal, and to select that which is associated

with the memory of one who, in his time, did much to collect,

•disseminate, and extend the knowledge of earthquakes ; and, in

handing it to you for transmission to him, I ma}^ express a personal

pleasure in the fact that almost the last act of my tenure of the

Presidency should be the presentation of this award to one who

lias been known and valued, as co-operating in a line of research

which has always had special interest to myself.

Prof. W. W. Watts expressed his regret that Dr. Davison was

prevented by illne-s from receiving the Medal in person. He
pointed out the appropriateness of the award of the Lyell Medal

to one who had done so much to prove the uniformity of geological

-causes at the present day, and whose method of research was

essentially L3^ellian in character. He asked permission to com-

municate Dr. Davison's acknowledgment in his own words :

—

* It is with no little reg^ret that I find mvself unable to b(^
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present at the Anniversary Meeting, and I am writing to ask i£

you would be so kind as to represent me when the Lyell Medal is

presented, and on ni}^ behalf to thank the President and Council

for their award. It is one that, for several reasons, I value very

highly, especiall}^ because the Medal was founded by the writer of

the remarkable chapters on earthquakes in the " Principles of

Geology," and not less because it is presented by the author of the

report on the great earthquake of 1897. I should like to take this

opportunity of saying that, whatever success my study of British

earthquakes ma}" have attained, is owing in great part to the help

and encouragement which I constantly received from Prof. Charles

Lapworth and from m}^ old teacher, Prof. Lebour.'

Chaeles Datiso?^.'

Award from the Wollaston Doin'atiois^ Fuis^d.

The PEESiDEa^TT then presented the Balance of the Proceeds,

of the Wollaston Donation Fund to Dr. LeojS^aed Johis^stox

Wills, M.A., addressing him as follows :

—

Dr. Wills,—
Commencing jouv geological record with a study of the Lower

Keuper rocks of Worcestershire, a study of the structure of the

lower jaw of the Triassic Labjainthodonts, and the discovery and

description of the fossil plants at Bromsgrove, you have rendered

more conspicuous service b}^ 3"0ur geological work on the Palaeozoic

rocks of North Wales and the Denbighshire coalfield, in the course

of which you have developed imj)ortant suggestions of tectonics,.

and added to our knowledge of the detailed stratigraphy of the

region. Nor have luore recent deposits been neglected, as is

e\idenced b}^ your paper on late Glacial and post-Glacial changes in

the Dee Yalley, and on windworn pebbles in the high-level gravels

of Bromsgrove. These studies you are still continuing, and we

look forward to the early publication of some of your results. In

recognition of the work done, and as an encouragement to future

effort, the Council has awarded to j^ou the balance of the Wollaston

Fund, which I now hand to you in the name of the Societ}^.
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AWAED FEOM THE MUECHISOIS" GrEOLOaiCAL FuND.

In presenting the Balance of the Proceeds of the Murchison

Geological Fund to Heebeet Boltox, M.Sc, the Peesident

addressed him in the following words :

—

Mr. BoLToi!^,

—

The Council has awarded to you the balance of the Murchison

Fund, in recognition of your contributions to our knowledge of the

stratigraphy and fauna of the Carboniferous System and of your

continued and successful conduct of one of the most progressive of

our provincial museums. As an authority on the insects of the

Carboniferous Period you are conspicuous. The results of your

labours, in the rescue, preservation, and description of these relics

of a long-bygone past, have proved, of supreme interest in estab-

lishing the great antiquity of some of the common insect-types of

the present day. Added to this, your studies of the faunal strati-

graph}^ of the Carboniferous rocks of the Bristol coalfield have

been of value, which has led to their publication in our Quarterly

Journal. For these reasons the Council has made this award to

you, in recognition of the work which you have done in the past,

and as an encouragement to others to emulate your example.

AWAED EEOM THE LyELL GtEOLOOICAL FuiSTD.

The Peesideis^t then handed the Balance of the Proceeds of

the Lyell Geological Fund, awarded to Mr. Aethue Mac-

CONOCHIE and to Mr. Dayid Tait, to Dr. J. S. Flett for

transmission to the recipients, addressing him as follows :

—

Dr. Flett,—
The balance of the Lyell Fund has been awarded in two moieties

to Mr. A. Macconochie and Mr. David Tait, in recognition of

their joint and individual contributions to the advancement of

geology. During his service as fossil-collector on the Geological

Survey of Scotland, Mr. Macconochie was the discoverer of one of

the most notable fossil localities in Scotland, where, at Glencart-

holm in Dumfriesshire, he found, in Lower Carboniferous shales, a

large number of new genera and species of plants, crustaceans, fishes.
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and land animals, and was the discoverer of the OJenellus fauna

in the Xorth-West Highlands, a diseoveiy which caused the re-

naming of two of the rock-groups of that region. Conjointly

with Mr. Tait he collected a new fish-fauna from the Downtdnian

rocks of Lanarkshij-e, which, in the words of Dr. E. H. Ti-aquaij-.

opened out a new vista in the field of Palaeozoic ichthyology.

Mr. Tait. bv his investisration of the Ehvnie chert-band, was able to

establish conclusively its true age as Old Eed. and the investigation

of his collections has thi-own much light on the problems connected

with this oldest land-flora. I have referred briefly to the more

outstanding: of their individual conti-ibutions to knowledsre, made

during a long and devoted service, which has yielded a large body

of material for detailed iuvestisration bv others. In recosrnition of

this, I ask you to accept and ti-ansmit these awards to their

respective recipients in the name of the Geological Society of

London.
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THE ANNIVERSARY ADDRESS OF THE PRESIDENT.

Richard Dixon Oldham, F.R.S.

By the death, on September 6th last, of Henry Woodward, w&

lose a Fellow of standing and distinction, who was for long a

regular attendant, and familiar figure, at our meetings. Born at

Norwich on November 24th, 1832, son of Samuel Woodward, well

known in his day as an antiquary and geologist, he was a naturalist

by disposition from the beginning. After a varied experience in

his earliest years, he was appointed an assistant in the Oeological

Department of the British Museum in 1858, an appointment

which he retained, with promotion to Keeper in 1880, until his.

retirement in 1901. In 1864 he found a further outlet for his.

energy in the foundation of the ' Geological Magazine,' in con-

junction with the late Prof. T. Rupert Jones, and was sole

editor from the succeeding year until the end of 1918. In the

November number of that Magazine Avill be found a notice of his

jjublished contributions to Palaeontology and Geology, principally

dealing with fossil Crustacea ; by these he will probabl}^ be best

knoAvn to our successors, but those who worked with him are aware

that, however valuable ihej may be, by no means the least service

which he rendered was the opportunity given for the j)ublication of

the Avork of others, by the conduct and continuance of the

Magazine founded in 1864. Hardly a geologist of any standing

but has at one time or another found in it a channel of publi-

cation, often in those early years when other avenues were still un-

opened. Under his editorship the Magazine has always welcomed

the expression of novel interpretations of observation, even when at

variance Avith opinions commonly accepted, and in this way, no less.

than by numerous records of original investigations, the Magazine

has served geology well in the past, as doubtless it will continue ta

do in the future.

In the same year, 1864, he. was elected a Fellow of our Society,,

and in the course of his Fellowship gave twenty-seven A^ears to

the Council, was three times Vice-President, and once President

;

his services were further recognized by the award, in succession,,

of the Wollaston and Lyell Funds, and of the Murchison and

Wollaston Medals. He Avas elected a Fellow of the Royal Society

in 1873, received the Honorary degree of LL.D. from the-
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University of St. Andi*e\vs in 1S7S, and had been President of

the Palieontograpliical, Malacological, and Eoyal ]SIicroscopical

Societies.

Louis Cumptox Miall. Avho became a Fellow of the Society

in 1S75. was born at Bradford in 1S-J:2. and died on February 21st,

1921. He besran his career as an elementary school-teacher, but

was so much interested in natural science that he soon left his

first profession for the cui-atorship of the Literary & Philosophical

Society's Musemn at Bradford, and afterwards for the curatorship

of the more important corresponding Museum at Leeds. In 1S76

he was elected Professor of Biology in the newly-founded York-

shire College of Science, and he retained his Professorship in the

University of Leeds, as it afterwards became, until his retii-ement

from active work in 1907. In 190I:-1905 he was also Fullerian

Professor in the Eoyal Institution, London. Although an all-

round naturalist, Miall was at first more especially interested in

geology and palaeontology, and he began original research with

^ome experiments on the contortion of Carboniferous Limestone

(Geol. Mag. 1S69, p. 505). In 1S69 he discovered in the Coal-

Measures at Bradford a new Labyrinthodont, which was described

as Blioliderpeton scutigerum by Huxley in the Quarterly Journal

•of the G-eological Society for that year. Miall wrote a geological

.appendix to this description, and, when he presented it to the

.Society, he made the acquaintance both of Huxley and of Lyell.

His interest in the little-known group of Labyrinthodonts was

thus aroused, and in 1873-71 he prepared important reports on

these fossils, ^vith many new observations and conclusions, for the

British Association. In 1874: he also published a paper on

Labyrinthodont remains froiu the Trias of Warwick in the Society's

Quaiierly Journal. At the same time Miall studied closely the

Palaeozoic Granoid fishes, and he gave to the Society an account of

i:he palate of Ctenodus and the skull of Rhizodus. In 1884 he

also conti'ibuted to the Quarterly Journal a valuable memoir on

JlegaJiclithys, which was afterwards published in an extended

form by the Leeds Museum. In 1878 he began for the Palaeonto-

graphical Society a Monograph of the Sirenoid and Crossoptery-

.gian Ganoids, but did not proceed further than the inti'oduction

and a description of Ceratodus. From ISSl onwards Miall gave

increasins: attention to existing: rather than to fossil animals, and

he made important contributions to oui" knowledge of the structure
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and life-history of insects. After his retirement he also wrote a

most interesting history of the progress of zoology. He was

President of Section J) (Zoolog}^) of the British Association at

Toronto in 1897, and of Section L (Education) at Dublin in 1908.

The Proceeds of the Wollaston Donation Fund were awarded to

him hy the Geological Society in 1875 ; he was elected a Fellow

of the Royal Societ}^ in 1892, and received the degree of D.Sc.

froui Leeds University in 1904. He was an inspiring teacher and

charming friend, and his memory will always be treasured by those

who knew him. [A. S. W.]

Dr. Marshman Edward Wadswortii was born at Livermore

Falls (Maine) in 1847, where he spent the early years of his life

upon his father's farm. He graduated at Bowdoin College in

1869, and subsequently became a student of science in Harvard

University, receiving the degree of Ph.D. from that institution in

1879. From 1877 to 1887 he was closely associated with Prof.

J. D. Whitney as assistant in the Geological Department. In

1884 and 1885 he visited many Universities in England and on

the Continent, familiarizing himself with their organization and

studying modern petrographical methods under Prof. H. Posen-

busch. He first appears as a contributor to American geology

and petrology in the late seventies of the last century. Between

the years 1879 and 1885 many papers from his pen were pub-

lished in the Proceedings of the Boston I^atural History Society,

in the Bulletins of the Museum of Comparative Zoology of

Harvard College and elsewhere, among which the following may
be specially mentioned :

—
' On the Origin of the Iron-Ores of the

Marquette District' (1880); 'On the Trachyte of Marblehead

Neck ' (1881) ; and ' Lithological Studies' (1884), an important

quarto memoir of 266 pages with eight chromolithographic plates

illustrating the microscopic features of certain meteorites and

rocks. Before 1884 the only important work on microscopical

petrography, published in America, was Zirkel's ' Report on the

Pocks collected during the United States Geological Ex]3loration

of the Fortieth Parallel,' which appeared in 1876. Wadsworth's

' Lithological Studies ' is therefore the first work of its kind

written hj an American. In this memoir, after dealing with the

classification of rocks, their origin, their mode of alteration, and

their relation to meteorites, he gives detailed descriptions of the

macroscopic and microscopic characters of siderolites, pallasites,

and peridotites.
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In 1887 Dr. Waclswortli became President of the Michigan

School o£ Mines, which was then in its infancy. He added to its

equipment, organized courses of instruction, and made it in five

years the greatest institution of its kind in the United States.

From this time onwards lie devoted himself mainly to adminis-

tiative and teaching work. In 1907 he was appointed Dean of the

School of Mines in Pittsburgh Universit}^, retiring in 1912 under

the age limit. His services were much appreciated by the Facult}^^

and at the time of his death, which occurred on April 21st, 1921,

he was Dean Emeritus, Professor of Mining Geolog}^, and Emeritus

Curator of Geological and Mineralogical Collections in that Uni-

versity. He was elected a Fellow of our Society in 1889.

[J. J. H. T.]

Feederic Richard Mallet, son of Robert Mallet, himself a

distinguished member of our Society, joined the Geological Survey

of India in February 1859. In his earlier j^ears on the Survey he

had a varied experience of field-work in the Himalayas, Central

India, Assam, and Burma, but from 1876 until his retirement in

1889 was almost continuously in charge of the Museum and

Laboratory of the Department. He was the author of numerous

published contributions to our knowledge of geology, of which the

most important were probably his Memoir on the Vindhyan

System and his masterly description of the dormant Volcano

of Barren Island in the Bay of Bengal; but not less valuable

than his published papers, though less apparent, was the large

amount of careful work which he devoted to the maintenance

of the Surve}^ collections and to the assistance of other members

of the staff. Possessed in an eminent degree of precision and

neatness of method, a retiring disposition, covering a consistent

application to and thoroughness in his work, and an unfailing

courtesy and kindliness of demeanour, he was always ready to help

his fellow-workers in their difficulties, and Avon the attachment and

esteem of all who came in contact with him. After his retirement

from the Geological Survey of India he published little, but con-

tinued to devote himself to the pursuit of his favourite subject

until advancing ^^ears deprived him of the power of continuing to

work in his laboratory. He was elected into the Society in 1868,

and passed away on June 24th of last year in the 81st year of

his age.
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KoBERT LoG-AN Jack was a geologist of distinction, one of the

pioneers of, and an extensive contributor to, Australian geolog}?-.

Born in A3a'sliire in 1845, he was educated at Edinburgh

TJniversit}^, and joined the Gi-eological Survey of Scotland in 1867.

In 1877 he was appointed Grovernment geologist for North Queens-

land, and in 1879 for the whole of the Colony. He surveyed and

reported on the Bowen-Eiver coalfield, and, in 1879-80, led the

first expedition to traverse the eastern portion of the Cape-York

Peninsula. This expedition gave him an opportunity of establish-

ing his reputation as an intrepid and enterprising explorer ; in spite

of hardship, difficult weather, lack of food, and hostility of the

natives, by whom he was speared through the shoulder, he carried

the exploration to a successful conclusion. His next important

exploration was of the western portion of the colony, where he

recognized the structural conditions, and predicted the occurrence

of artesian water in the plains of the arid regions, of the interior

;

this prediction led to successful boring, which has been extended

until artesian wells are now numbered by thousands. In 1899 he

resigned his appointment with the Queensland Grovernment to

undertake an exploration of the metalliferous deposits of Szechuan.

Here adventure again dogged his footsteps, for he was caught and

cut off from the coast by the Boxer rebellion, and had to make his

escape westwards over the mountains to Burma. In 1901 he

returned to London, and at the close of 1904 once more went back

to Australia, where, in 1911, he was appointed Eoyal Commis-

sioner on the Collie coalfield, and chairman of the Boyal Commission

to report on miners' lung diseases. Dr. Jack's published contri-

butions to geology comprise 145 reports, during his service as

Grovernment geologist, as well as numerous books published inde-

pendently. During the last three years of his life he was engaged

on a critical review and correlation of the explorations which had

been carried out during the last three centuries in andiaround Cape-

York Peninsula. He was elected a Fellow of our Societ}^ in 1870,

and Avas a member of the Council in 1903-1904. He died at

Sydney in the early part of November, 1921.

By the death of the Earl of Ducie, P.C„ E.B.S., Avhich took

place on October 28th, 1921, at the age of 94, the Greological

Society lost a member of very long standing, who was elected in

1853, and served on the Council as early as 1856-58. A man of

varied activities and influence, having been a Member of the

VOL. LXXVIII. d
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House of Commons, Captain of the Yeomen of the Gruard, Lord

Waj-den of the Stannaries from 1888 to 1908, Lord Lieutenant

of Grloucestershire and of the cities of Grloucester and Bristol from

1857 to 1911, and President of Bristol College since 1860, he

had throughout retained a keen and practical interest in geology,

though he did not attempt original work. He had an extensive

collection, chiefly of local fossils, and was always ready to offer

hospitality and facilities for investigation to anyone studying the

rocks of the Tortworth area. [S. H. K.]

John Claeke Hawkshaw was educated at Westminster

School and Cambridge, where, apart from distinction in his

academical studies, he became Captain of the C. IT.B.C. On
leaving Cambridge he adopted the profession of civil engineer,

which he pursued with distinction, and was President of the

Institution of Civil Engineers in 1902; during the late war he

commanded the Railway Transport Staff Corps and was made

Hon. Colonel for his services. Outside his profession he took a

keen interest in natural history and geology, and, besides important

papers on engineering subjects, contributed to the Journals of the

Linnean, and of our own, Society. He was elected a Fellow of

this Society in 1866, and served on the Council in 1879-83 and

1891-92.

Thomas Lindsay G-alloway came of a family of mining

engineers, his father and two brothers all having attained eminence

in the profession in which he himself achieved distinction. In his

younger days he studied at Grlasgow University under Lord Kelvin,

by whom he was selected to carry out the testing of the piano-wire

method of making deep-sea soundings. On his return from the

voyage to Brazil, in which these tests were successfully carried out,

he devoted himself to the study and afterwards to the practice of

mining, and was connected with the Campbeltown Colliery as

manager, and afterwards as director, from 1881 till his retirement

a few years ago. Of a scholarly disposition and philosophical turn

of mind, he had wide interests outside his profession, and took a

prominent part in the foundation of the Archaeological Society of

Kintyre. He was elected a Fellow of this Society in 1876.

Sir William Edwaed Gtaeeoeth was a mining engineer of

distinction, whose name will be principally remembered in con-
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nexion with his discovery of the influence of an admixture of

shale-dust in preventing explosions in collieries, a discovery which

has had a far-reaching effect in diminishing the dangers of coal-

mining, and has led to the compulsory treatment of passages in

mines with stone-dust, as a preventive of the spreading of explo-

sions. He took interest in the design of helmets, by means of

which rescue-parties might penetrate into poisonous atmospheres,

giving freely from his private funds to the research. He had been

President of the Mining Association of Great Britain, and of the

Institution of Mining Engineers, and was knighted in 1914. He
was elected a Fellow of our Society in 1891.

Henry Duckworth, coming of a family which attained dis-

tinction, one brother being the late Canon Duckworth, and another

Sir Dyce Duckworth, Bart., F.K.C.P., was a Liverpool merchant

who took a keen and active interest in geology. One of the

founders, and the first President, of the Liverpool Greological

Societjr, ]ie contributed to the publications of that Society several

papers, as the result of his observations and collections, on Perim

Island in the Gulf of Cambay, in Egypt, Sicily, and the Somme
Valle}^ He was elected a Fellow of this Society in 1858.

Henry Wemyss Feilden was born in 1838, son of Sir William

Henry Feilden, second Baronet, of Feniscowles ; he joined the

Army, and served in the Indian Mutiny, the Chinese and South

African wars, attaining the rank of Colonel, and receiving the C.B.

for his military services. In 1875 he went out as naturalist with

the British Polar Expedition, and travelled much on his own

account, principally in the polar regions ; to geology his principal

contributions were his observation of the effects of ice-action in

those northern regions, and especially his recognition of, and obser-

vations on, the action of floating ice in abrasion and transport.

He was elected a Fellow of this Society in 1875.

George Clinch, born in 1860, was appointed to the library

of the British Museum on leaving school ; in 1895 he was made

Clerk to the Society of Antiquaries, and in 1910 Librarian.

Interested from his boyhood in archaeology and the collection of

flint-implements, he was the author of numerous papers on pre-

historic archaeology, and on the topography and sculpture of his

native county, Kent, two of which were published in our Quarterly

JournaL He was elected a Fellow of this Society in 1899.

d2
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The Eev. John Moee Goedox, M.A., was born on April 13th,

ISJrQ. He entered as a theological student at Balliol College,

Oxford, and graduated in 1873, winning the Ellerton Essay Prize

in that jea.v, and the Denj'er Johnson Scholarship in 1S75, in

which Year he was ordained. He Avas for 31 years vicar of

St. John the Evangelist, Eedhill. Although he has published

none of his work, he was a very keen student of petrology and

mineralogy, and formed a very fine collection of minerals (the

sj^ecimens from Swiss localities being particularly fine). His gifts

of minerals have much enriched the collections, both at the

Xatural Historj^ Museum and in the Geological Department of

the Universitv of Aberdeen, in which Universitv his o-randfather

was Professor of Ecclesiastical History. His interest in science

was very wide. He was a Fellow of the Plwsical Society and^f
the Royal Microscopical Society, a Member of the Mineralogical

Society and of the Alpine Club. He Y'as elected a Fellow of our

own Society in 1888, and died at his London house on January

ISth, 1922^ [W. C. S.]

Feedeeic Thomas Maid well was born at Gunnerside, in

Swaledale, in 1872. He qualified as an instructor in handicraft,

and, after acting as such in the Midlands, received in 1908 an

appointment under the Education authority of Runcorn, where he

rendered useful service to the town and was a member of the Free

Librar}^ Committee. Devoting the greater part of his life to

geology, he was indefatigable in observing and recording par-

ticulars of sections, and gave special attention to the stud}' of

fossil footprints in the Trias. He was elected a Fellow of this

Society in 1919.

Chaeles Feedinand Zabel was a vouno- man of orreat

promise, who, after a brilliant course of studentship, y as employed

on various mining investigations. At the outbreak of the late war

he Y'as engaged on a survey of manganese-deposits in the Rhine

Yalle}^ and, with many others, was interned at Ruhleben, Y^here he

distins^uished himself bv his exertions for the welfare of his fellow-

prisoners, and ably maintained the honoui- of the country" to Y'hich

he owed allegiance. Always keen in his interest for geology and

our Societ}', his books have been presented to our Library and have

given us some useful additions. He was elected a FelloY^ in 1919,

and died at Tete, in East Africa, on July loth of last year.
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ERif^ST Heinrich Oskar Kasimir Weiistschenk was iDorn on

April 6th, 1865, at Esslingen in Wiirtemberg. He was first

Privatclozent and afterwards for man}^ years Professor of Petro-

grapliy in the Universit}'^ of Munich. He published numerous

memoirs on mineralogy and petrology, but his most distinctive

researches were on the subject of the mode of occurrence and

genesis of graphite, in the course of which he contributed important

additions to our knowledge of the deposits of Bavaria, Bohemia,

and the Alps, as well as Ce3'lon. He was also especially interested

in rocks and minei'als i-ich in magnesia. He is best known, how-

ever, for his text-books on petrology, which are clearly written and

well illustrated. The * Introduction to the Petrological Micro-

scope ' and the ' Rock-forming Minerals ' have been translated into

English by R. W. Clark. He also published the ' Principles of

Petrology ' in two volumes, a general and a special part. The

former is a masterpiece of lucid exposition. The views expressed

are sound and at the same time show considerable originality.

The work has been translated into English by Johannsen. He
was elected a Foreign Correspondent of the Society in 1912, and

died in 1921. [J. W. E.]

Although he was never a Fellow of our Society, it would be

impossible to pass without mention the name of one so well known

to geologists as Benjamix Harrisoist. Born in 1837, second son

of a grocer at Ightham in Kent, a business which had been in the

family for 150 years, and was afterwards inherited and carried on

by him, he early developed a taste for geology and coUectmg

fossils, and maintained his interest and zeal to the last. He
first attracted attention b}^ the identification of Roman remains

at Ightham, and, shortly after, his attention was drawn to flint

implements hj the discovery of these relics of ancient man at

Abbeville, and the controversy which arose therefrom. This led

him to collect similar remains in his own district, of which he

amassed a large collection, and made him known to men of eminence

in that branch of knowledge. With Lord Avebury, Prof. Prestwich,

and Sir John Evans he corresponded, and by them he was encouraged

in his investigations. An indefatigable explorer of his district, of

which he had an unrivalled knowledge, his memory will live mainl}^

by his discovery of ' eoliths,' and the controversy which raged over

the reality of the human origin of these alleged evidences of human
activity in long-past ages. His services to Geology were recog-

nized by the award of the Wollaston Fund in 1899.
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For assistance in preparing these notices I haYe to express my
obligation to Sir Jetliro J. H. Teall, Dr. A. Smith Woodward,

Prof. S. H. EcYnoldS; Mr. W. Campbell Smith, and many others

who haYe been good enough to fm'uish information in reply to

enquiries.

After announcing the election of Officers, the retiring President

said:

—

Two years haYe now elapsed since you elected me to the office of

President ; they haYe been CYentful years in the history of the

Society. AVhen I assumed office your Council was faced ^\'ith a

very serious state of affairs brought about by the war, expenses had

greatly increased, while income remained but little altered, and it

almost seemed that we should have to face the alternatiYe of either

abandoning our Library, or of suspending om* Journal. It was

necessary to OYcrhaul the whole of the affairs of the Society, to

impose certain additional charges on the Fellows and to restrict

some of the benefits which they had been enjoying, before that

equilibrium between income and expenditm'e could be established,

without which our continued existence as a Society would be

impossible. As a result, we have been able to continue the two

most important functions of the Society, the maintenance of a

working library, and the publication of research, though we haYe

been compelled to restrict our activities in other directions. !Much

has been done, yet the task is not complete ; the axe has been

wielded, I think sufficiently, but there is still work for the pruning

hook on minor economies, insignificant separately but collectively

appreciable. Of this your Officers are fully aware, and you may be

confident that the matter will be borne in mind and attended to.

It is not to be expected that all the action which your Council has

taken during the last two years should receive unanimous approval

;

but, taken as a whole, I rhink that we may justly be unashamed of

the record : it is not the work of any one man, it has only been

possible by the co-operation of the whole body of the Officers and

Council, of the Fellows at large, and of the permanent staff. I now
hand over the care of the interests of the Society to a successor

who will maintain its honom* and dignity, and in rehnquishing office

I wish to render my thanks to all those who during the past two

years have helped me in what has been an anxious and responsible,

but far from thankless, task.
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The Cause and Character or Earthquakes.

The study of earthquakes having always been recognized as one

of the departments of Geology, no excuse is needed for devoting

my address, on this occasion, to a review of the present state of our

knowledge of the cause and character of earthquakes, using that

word in the restricted, and original, sense of the disturbance of

the ground which is sensible to human feelings, which causes

alarm and destruction, and is properly that seism of the ancient

Greeks, from which our modern term seismolo gy is derived. This

explanation is necessary, for, of late years, seismology has been

extended to the study of a phenomenon of different character, the

long-distance records of disturbances, only to be detected by very

sensitive instruments of special construction; in some cases these

are clearly connected with great earthquakes—as the word is here

used—and by inference have been presumed to be so in all cases,

even when there is no independent evidence of the earthquake

proper. The records, regarded as records of the progressive en-

feeblement of the larger disturbance of the true earthquake, would

represent the crj^ptoseism, or unfelt earthquake, and be correctly

described in the observatory records as earthquakes. That they

are correctly so described is indisputable, if the word is taken in its

literal interpretation as a quaking, however feeble, of the earth

;

but, if the implication is added that the}^ have the same origin as

the greater disturbance, the correctness of the description becomes

doubtful. In presenting to you, some dozen years ago, the results

of a study of the records of the Californian earthquake of 1906, I

pointed out that, although the immediate origin of the earthquake

proper might be traced to occurrences Avhich took place in the

outermost parts of the Earth's crust, these were [but the secondary

result of a deep-seated origin, or bathyseism, which gave rise, at

the same time, to the disturbance which was recorded at long

distances by suitable instruments. Later work and research has

more and more confirmed both the correctness of this interpreta-

tion and the conclusion that the proximate cause of great and

destructive earthquakes is distinct from that of the long-distance

records, although the two origins are connected with each other as

effect and cause.

In the present state of our ignorance of the nature of the

bathyseism, it is difficult to give a clear and precise defi.nition
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of the cormexion between it and the earthquake proper : the

subject is an interesting one. and a review of the evidence, to-

gether with the deductions which can be drawn fi'om it, would

fill the time available : but it is not my intention to do more than

to attempt, by analogy, to illustrate and explain the nature of

the connexion of the bathyseism with its two independent results.

Xot many years have passed since, in the south-eastern comer

of England, we heard what were knovni as the guns of Flanders
;

and the description was correct. The sound—it was more a sensa-

tion than a soimd—which was heard in Kent and Sussex was

midoubtedly produced by the report of gi'eat guns, by the explosion,

that is, of the charge in the gun itself : but, had the explosion

done no more than give rise to the sound-waves which travelled

far in every direction, it wonld have little ti'oubled the enemy.

Simultaneously, however, with the production of the report, and

by the same explosion, a projectile was sent flying through the

air, and, after a trajectory of some miles, itself exploded, causing

the damage which was the purpose of its despatch. The effect of

this second explosion was severe but local, and at a short distance

away neither sound nor shock was sensible.

Here we have a very complete analogy, the explosion of the gun

represents the bathyseism ; the report and sound-waves, ti"aveiling

afar, correspond to the disturbance which, propagated through

the substance of the Earth, ^ives rise to the lons^-distance records :

the explosion of the shell to those dislocations in the outer crust

which produce the destructive earthquake : and the trajectory to

the connexion, of which the character is as yet unknown, between

the bathyseism and the surface-shock.

If this interpretation be accepted, it becomes evident that the

distant records represent something which is distinct from the

earthquake, as originally understood, and that the study of them,

with the deductions drawn fi-om that study, have little or no

bearing on the problems of geology, as we usually limit the scope

of that science. It is otherwise with the earthquake proper

;

originating in, and affecting, the outermost crust of the Earth, it

has long, and rightly, been regarded as one of the depai-tments of

geology, both as regards cause and chai"cicter, and it is with this

aspect of the subject alone that I shall deal.

The character of earthquakes is known to an extent sufficient

for my pm'pose : they are elastic waves, transmitted through the
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substance of the Earth, not, as was once supposed, merely waves of

elastic compression, but of most complicated character, and in all

but a small minority of cases nothing but this vibratory move-

ment, the orchesis, can be recognized. Occasionally, however,

and only in the case of some earthquakes of destructive violence,

there is also a bodily and permanent displacement of the solid

ground, and this mass, or molar, movement has been distinguished

as the mochleusis of the earthquake, as distinct from the elastic

displacement, accompanied by return to the original position,

which constitutes the orchesis. Noav, the elastic waves can only

be initiated by some sudden impulse or disturbance, such as might

be produced by the fracture of rock ; and as, in those earthquakes

where mochleusis can be recognized, there is usually evidence of

sudden movement along some pre-existent fault-plane, or of rending

and fissuring of the solid rock, faulting or fracturing has come to

be regarded as the cause from which the vibratory disturbance

originates.

This conclusion is supported by the fact that the proximate

origin of the shock can almost always be placed at a moderate

depth from the surface. It is, unfortunately, impossible to give

any precise figures, for none of the methods which have been

suggested for determining the depth of the origin can be trusted,

some because they depend on assumptions which the progress of

knowledge has shown to be erroneous, others because they demand

data which cannot be supplied with the requisite precision, if at

all ; but there is another way in which some idea of the depth of

origin may be reached, based on the fact that there is almost

invariably a well-defined area of maximum intensity of shock,

surrounded by regions of diminishing intensit}^, as the distance

from the central area increases. Since the violence of the dis-

turbance will decrease with the increase of distance from the

origin, it follows that the nearer the origin lies to the surface,

the more closely does the variation of surface-distance from the

epicentre approximate to the variation in actual distance from the

origin ; hence it is evident that the rate of variation of intensity

of the disturbance will give some notion of the depth of the origin.

In this way, quite apart from any numerical estimates which have

been made, it becomes clear that, excluding a small minoritj'- of

earthquakes which will be referred to later, the origin lies at a

very moderate depth below the surface, probably seldom over 10

miles, and usually less. This places the origin within the limits of
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the solid outer crust of the Earth, and in this region it is difficult

to conceive of any cause, sufficient to originate the elastic wave-

motion of the earthquake, other than the sudden fracture of the

solid rock, Avhere strain has outgrown the power of resistance.

Apart from this general reasoning from observation, there are

eases on record where considerable displacements of the ground

have been measured by the comparison of careful and accurate

surveys made before and after the earthquake. In three of these,

the Cutch earthquake of 1819, the Sumatran of 1892, and the

Californian of 1906, the largest movements took place close to

the line of fracture, and in opposite directions on opposite sides of

it, the displacements decreasing on either side till a region was

reached in which no change from the condition before the earth-

quakes could be recognized. As this is precisely what would

take place if a solid body, capable of elastic deformation, Avas

strained until fracture took place, the conclusion is justifiable that

such was in fact the origin of the dislocation and displacements.

To this general rule there are some recognized exceptions.

Quakings of the earth, identical in character with the true earth-

quake, may be caused by natural rockfalls, or artificially by

explosions; and there is the class of volcanic earthquakes, recognized

as due to disturbances directly connected with volcanic activity,

though it is probable that the majority of volcanic earthquakes

are in reality originated by rock-fracture and, therefore, only

indirectly the result of volcanic activity. To these may, perhaps,

be added earthquakes which are due to the direct trans-

mission of elastic wave-motion from the bathyseism; but, when all

these allowances are made, it must be admitted that, speaking

generally, the immediate cause of earthquakes is the development

of a state of strain in the outer rocky crust of the Earth, of such

magnitude as to give rise to fracture, accompanied or not by

displacement of the opposite sides.

So far the conclusions, which may be drawn from observation

as they have been briefly outlined, belong rather to the domain of

physics than of geology ; but, when Ave go on to consider the cause

to which the strain is to be attributed, and more especially the

rate of growth, we are brought into contact with problems and

deductions which are intimately connected with geology proper,

and to which I propose to confine attention in the remainder of

this address. As regards cause ; this is usually attributed to what

are known as the tectonic processes, a term Avhich has never been
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defined and is incapable of precise definition, but may approximately

be described as the processes by which the folding and faulting

of rocks were produced, and, in accordance with this attribution,

the class of earthquakes, with which we are concerned, is referred

to as tectonic . The rate]of growth of strain has almost invariably

been accepted as very slow, yet, when the subject is looked into,

it will be found that there is really no evidence to support the

acceptance ; in part, it must be attributed to the general belief

that all geological action is necessarily slow, and in part to the

conclusion, forced on us in the latter days of the last century, that

the Earth is a solid, inert, and highly-heated body, cooling slowly

by radiation, with the subsidiar}^ deduction that all deformation

of the outer crust must be referred to contraction, consequent on

that slow cooling. The latter of these reasons is now abandoned

by those who forced it on us, and the foi-mer, though true in

general, must not be treated as an unchangeable law, for there are

many cases where a process, slow on the average, and as a rule,

is occasionally subject to a temporary acceleration of rate. The

evidence, too, which has been regarded as confirmatory of the slow

growth of strain, may more properly be described as an interpre-

tation of observed facts in accordance Avith an hypothesis.

In the report on the Californian earthquake of 1906, for instance,

the displacements caused by that earthquake, and an earlier one

in 1868, are discussed, and the conclusion is drawn that they

should be explained by a slow growth of strain, extending over a

century or so, partly relieved hy fracture in 1868, and again in

1906. The argument is conclusive, in so far as it shows that the

effects are consistent with the hypothesis ; but it was not noticed

that they would be equally consistent with a condition of quiescence

throughout the whole period, with the exception of two short

intervals immediately preceding the two shocks, respectively.

The same may be said of all the supposed evidence in favour of a

slow growth of strain ; the after-effects may satisfactoril}^ establish

the conclusion that the proximate cause is fracture resulting from

excessive strain, but they can give no indication of the time

occupied in preparation. The earthquake comes and passes, it

leaves certain records behind it ; but these records would be the

same, whether the preparatory growth of strain was secular or

instantaneous in duration.

Yet the problem is not insoluble, for there is another line of

attack, which has only become practicable within the last few

years. If we regard the growth of strain as continuous, there will
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be a certain increment which will lead to fracture, earthquake,

and partial relief ; then Avith a further increment the process will

he repeated, and so we reach the concept of a mean strain

-

interval for each shock, which may be regarded as constant, on

the average, for any given region, provided that the average is

taken over long enough a period. If, then, we divide the mean
increment of strain in a unit period of time by the mean number

of shocks occurring in the same period, we obtain a fraction which,

represents the mean stress-interval for each shock, a fraction which

should remain constant in the region under consideration ; and from

this it results that any variation in the rate of growth of strain

must be accompanied by a corresponding variation in the frequency

of earthquakes. We have, then, four quantities so inter-related

with each other that, if three of them were known, the fourth can

be determined. Two of these, namely, the mean frequency and the

variation from that mean in any chosen period, can be obtained

from observation ; and, if the variation from the mean rate of

growth of strain is also known for the selected portion of the

whole period, that mean rate, which is the object of search can be

obtained by a simple rule-of-three sum.^

The frequency of earthquakes is known to be subject to great

variation from time to time, and this variation indicates a corre-

sponding change in the rate of growth of strain. In the main,

this change may, and probably must, be attributed to causes acting

within the Earth, and directly related to the changes or processes

by which the strain is produced ; but it is evident that, if there

were any external cause, which acted periodically and alternately

in increase and decrease of the rate of growth of strain, and if it

were possible to disentangle the variations due to this from those

due to other causes, we should possess the means of framing a

numerical estimate of the general rate of growth of strain.

One such cause of periodic variation is to be found in the tide-

^ The argument may be put in a different form, simpler and more easily

intelligible to some. If S represent the mean increment of strain in a given

period and N the mean number of earthquakes recorded in the same period,

then S/N is the fraction representing the mean strain-interval corresponding

to an earthqu.ake. If the variation of the growth of strain in any particular

period is represented by v and that of the number of earthquakes by d, we

get the equation

where d = v/S

whence we obtain the simple ratio
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producing stresses set up by the sun and the moon. It is true

that many attempts have been made at different times to detect

some connexion between the frequency of earthquakes and the

position of the moon, and that no such connexion has yet been

established, but these attempts have all been based on very im-

perfect records. In time it ma}^, perhaps, be possible to apply to

an earthquake record that method of harmonic analysis which has

proved so fertile in the case of the ocean tides, but the day is long

distant when a record of sufficient completeness ^vi\\ be available.

Meanwhile, there are some simpler relations, of which a discussion

is feasible, and the most promising of these seems to depend on

the fact that the downward pressure is greatest at the time when

the attracting body is on the horizon, and least when it is on the

meridian. If, then, we divide an earthquake record into two

groups, one containing all shocks which occur within six hours

before a meridian passage, and the other all that happened within

six hours after, the first of the two groups wdll cover a period during

which the downward pressure is, on the average, increasing, while

the other will cover a period during which it is decreasing. As

the amount of the change so introduced is known, with sufficient

accuracy for the present purpose, and as it must, on the hypothesis

being used, influence the frequency of earthquakes, it follows that

we have here a method which should enable us to make an estimate

of the rate of growth of the strain to which fracture is due.

Although simple in principle, the method is difficult in appli-

cation. To begin with, a record is required, of sufficient extent

and continuity to give a trustworthy average, not merely of the

general frequency, but also of the frequency in each of the two

sections into which it is divided ; and this means that the record

must contain at least two thousand shocks and ought to contain

double that number or more. Then it must be reasonably

accurate as to times and complete as to occurrences, or at least

must be fairly uniform in its incompleteness over the whole period

investigated. There are not many records which fulfil these

primary requirements, but there is another even more important.

In all records there is a noticeable variation in frequenc}'^ at

different times of the day ; moreover, the nature of this diurnal

variation has been found to vary in different regions, but appears

to be constant and chai-acteristic in each region over the period of

record. The cause of this periodicity" may be reasonably attributed

to some effect, meteorological or other, connected with the daily

course of the sun ; but its nature, no less than its variability.
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shows that it cannot be attributed to gravitational attraction.

It is only, therefore, by a conversion of the record from

solar to kmar times that the influences of these other effects

can be eliminated, and the gravitational attraction of the moon

be detected and estimated, and, for the satisfactory application

of this method, it is necessary that the record should cover a

complete lunar cycle, or a period of nineteen years. There are

only two records extant, and available, which fulfil this requirement,

and of these the Italian is not only the most complete and accurate,

but is the only one to which the conversion into lunar times has

been applied.

A summary of the figures obtained has been published in our

Quarterly Journal,^ and from this we find that in the six hours

preceding a meridian passage there were 3337 shocks, and in the

six hom-s succeeding only 3270, giving a mean departure, from the

general average for six lunar hours, of 33 "5, or almost exactly 1 per

cent, of the mean. So small a variation from perfect equality is well

within the limit of what might reasonably be expected, if it were

purely fortuitous and the stresses set up by the attraction of the

moon had no effect whatever. This point will be retm-ned to

later on, but it will be useful to see what conclusions may be

drawn if the variation is accepted as real, and due to the cause

under consideration. The first of these is that the main stress, to

which the strain is due, is of a compressive natm-e, consequent on

an increase of downward pressure, or a removal of support from

below. The second is that the vertical component of the general

increase of strain amounts to just 100 times the variation of the

corresponding component of the gravitational stress set up by the

moon. It has been established by mathematicians that the

maximum upward stress set up by the moon, at the points on the

surface of the Earth where it is in the zenith or nadir, amounts

to 1 '8,450,000 of the Earth's force of gravity, and where it is on

the horizon there is a downward stress of just one half of this

:

the total variation of downward pressure is, therefore, equivalent

to a change of about 1/5,630,000 of that due to terrestrial gravi-

tation, as between the points and times when the moon is on the

horizon, or at the zenith or nadir. But the moon could never be

directly overhead in any part of Italy, and a computation of the

m.ean range of variation, over the whole period and the whole area

concerned, reduces this fraction to about 1;'9,100,000. As the

1 Vol. Ixxvii (1921) p. 2.
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general increase of stress is 100 times this figure we get the result

that the rate of increase of strain is equivalent to that which

would be produced by an increase of downward pressure, or a

corresponding reduction in the support of the crust, at the rate of

1/94,000 of that due to gravity, in each period of six hours.

It has long been established that the strength of the crust is far

from being able to withstand the crushing strains which would be

set up by removal of support from below, and the estimates, which

have been independently made by different investigators, concur in

putting the limit of the removal of support, which would result in

crushing, where an area comparable with Italy is concerned, at not

more than about 1/400 of the force of gravity. If this fraction

is divided by that obtained in the jDrevious paragraph we get the

result that, starting from a condition of no strain, fracture would

come about after an interval of 235 periods of six hours, or not

quite 59 dsijs. The calculation, therefore, indicates that the rate

of growth of strain in Italy has been, on the average, such that

the breaking point would be reached in about two months from

start, with a wide variation on either side. Some other relations

between the frequency of earthquakes and the diurnal variation

of the tidal stresses might be, and have been, investigated; none

of them seem so appropriate as that which has been detailed, and

all give fairly confirmatory results, the longest period indicated,

as required for reaching the breaking strain, being just about

a year.

It must not be supposed that value can be attached to the

precise figures. As is invariably the case, in all calculations

regarding physics of the Earth, many considerations are involved of

a very uncertain nature ; but the reasoning does show that the

increase of strain must have taken place at such a rate that the

breaking point was reached in a period measurable at most by

months. They prove conclusively that the period could not have

been of such length as to be measurable by j^ears or decades, for,

had this been the case, the disparity dealt with would have been

much greater than that actually found.

The same conclusion may be reached in another way. The

stress-difference required to produce fracture in average hard rocks,

as they are met with at the surface, is round about 1,000,000

grammes per centimetre square, and, allowing for the greater

strength at depth which is indicated by the experiments of Prof.

Adams and the computations of Prof. Burrell, we may put the

breaking strength of the Earth's crust at about double of this, so
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that, in order to reach this point in one rear from starting, the

strain would have to increase at the rate of about 1400 grammes per

centimeti-e square in each quarter of a day. Accoixlins: to the late

Su* Greorge Darwin the stress-differences set up by the moon in the

latitude of Italy would amount to about 20 grammes per centimeti-e

square in an incompressible Earth, and in a compressible Earth ^vith

an incompressible crust—a condition much more akin to what we

have reason to suppose is the reality—the stress-differences would

be many times this figm-e ^
: but even the lower amount is nearly

1| per cent, of the gi-owth requii-ed to reach breaking point in one

year, it would be close on 15 per cent, if the period is increased

to ten years, and, with anything approaching this proportion, a

periodicity would result, which could not have escaped detection

before now.

The figures, therefore, give us a lower limit of the rate of

growth of strain, it must have been something faster than that

needed to reach the breaking point in one year fi-om starting, if the

differences on which the argument is based are real. But are they

real? The actual amount of difference, barely 1 per cent, of

the mean, is so small that it may well be fortuitous, and the true

interpretation may l^e that the gravitational stresses, and the

stress-differences produced by them, have no effect whatever in

determining the time of occurrence of an earthquake. If this be

so, then the rate of growth of strain becomes infinite, and each

earthquake becomes the result of a rapid development of strain,

akin to an explosion in its suddenness.

The truth may lie anywhere and must lie somewhere between

these extremes, and so we reach the conclusion that there is no

support for the commonly-accepted notion of a continuous, slow

gi'owth of strain, extending over years, decades, or even centmies,

before the breaking point is reached. On the contrary, it appears

that the cause of earthc[uakes is a rapid growth of strain. This

strain cannot be developed Avithout some deformation, but the

magnitude of this has no relation to the frequency or magnitude of

the earthquake ; if change of form is slow and prolonged, relief

mav be provided by gradual yielding, if rapid, a very small amount

of distortion may lead to fi-acture, and on the extent, form, and

position of this fracture will depend the character of the resulting

earthquake.

This study of the growth of strain leads on to the Cjuestion,

1 Sir G. H. Darwin. Scientific Papers, vol. ii (190S) p. 502; and Plul. Trans.

Eoy. Soc. vol. clxxiii (^1SS2) pp. 219 et seqq.
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which is the really important one in its bearing on geology, of how
the strain is produced. It can hardly be the result of those

tectonic processes which result in folding, for these must necessarily

be slow in their action ; the change of form involved in the

bending of solid rock from its original shape into complicated

folds, without breach of continuity, can onlj have been a slow one,

and, as we have seen, the deformation which produces earthquakes

must be a rapid one. With favilts the case is different ; many
earthquakes are known to have been accompanied by movement

along pre-existing fault-planes, in others the origin evidently agrees

in position with known faults, and in all of these the distribution of

the intensit}^ of disturbance is closely correlated with the faults,

being greatest in proximity to them and decreasing as the distance

becomes greater. So much is indisputable, yet, despite a general

acceptance of the explanation, that the earthquake was a result

of the same process as that which gave rise to the formation of

the fault, it must be recognized that the proof is not logically

complete, for it might be that the cause and processes which gave

rise to the earthquake Avere wholly different from, and independent

of, that which produced the fault, the on\j connexion being that

the weakness, resulting from the fault-fracture, served to localize

the yielding, and so controlled the distribution and intensit}^ of the

earthquake. In a study of the Californian earthquake of 1906,

where the greatest intensity of disturbance ranged along the line

of the San Andreas fault, and Avas accompanied by considerable

displacement and distortion of the surface along the fault-line, I

was able to show^ that the ultimate cause of the earthquake was

quite distinct from that which produced the fault, and tliat the

fault was not tlie cause of the earthquake, nor the earthquake an

incident in the formation of the fault.

In support of the supposition that earthquakes are not j^roduced

hy, or at any rate are not necessarily the product of, the tectonic

processes which have given rise to the displacements in faults, may
be instanced the fact that in some cases of minor earthquakes,

where it has been possible to fix the position of the epicentre with

s, close approach to definiteness, it has been found that surface

-examination gives no indication of the presence of a fault. This,

however, is not conclusive, for there might have been a deep-

seated, incipient, fault which had not yet extended to the surface,

and so could not be recognized by geological surve}^

Much more w^eighty and suggestive evidence is to be derived

VOI. LXXAHII. C
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from thd great earthquakes which have been studied in detail.

Reference has akeady been made to the Californian earthquake

of 1906, and the conckision drawn in that case is more fully

exemphfied by the Indian earthquake of 1S97. Here thei-e was no

single leading fault and zone of maximum intensity of shock, but a

complicated network of lines of extreme desti-uetiveness, ramifying

over an area not much different fi-om that of England, and ex-

tending light across a series of great tectonic features, across the

great monocline of the southern face of the Assam range, across

that range itself, across the aUuvial plain of the Bralunaputra

Talley, the great boundary-faults of the Himalayas, and probably

even across the main axis of elevation of the range.

A still more instructive instance is the Charleston earthquake

of 1SS6. Here, in a region as devoid of any great structural

feature; either of folding or faulting, and as lirtle subject to earth-

quakes, as could be found in our own country, there suddenly

occurred a great earthquake, of destmctive violence in the central

area and felt over an area measuring about 1500 miles across. It

was an earthquake of first-class magnitude, whether we regard the

maximum violence of shock or the extent of area affected, yet

there is nothins: in the structure of the surface-rocks to su^^est

that its origin was due to any tectonic process, and equally

nothing which could lead to its classification as volcanic ; and.

if we accept the conclusions of Col. Harboe, regarding the

character and extent of earthquake origins, the absence of any

connexion, between the origin of the earthquake and the tectonics

of the surface-iiDcks, becomes absolute, for, according to this

interpretation, the origin becomes almost co-extensive with the

seismic area, and the diminution of violence in the outer portions

is not solely due to enfeeblement, resulting from the elasrie propa-

gation of the earthquake wave, but very largely to a diminurion

in magnitude of the originating impulse.

Whether this explanation be accepted or not, it must be conceded

that, as regards the two earthquakes pai-ticularly refeiTcd to, of

Charleston in 1SS6 and India in 1^97, Col. Harboe's conclusions

are not only supported by the particular facts on which they were

based, but are in berter accord with a number of peculiarities in

the local variation of violence of the shock, and of other phenomena

recorded, than is the current notion of a central focus of compai-a-

tively restricted dimensions. It accords also with those great

earthquakes which, like the Calabrian earthquakes of the present

century, had more than one centre of maximum intensity', con-

nected by resrions of less violence of shock.
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These are some of the considerations which have led nie to believe

that Col. Harboe's interpretation is, in the main, well founded, and

if it be true that earthquakes of great extent are due to systems of

fracture, or analogous disturbance, ramifying over, and pi'actically

co-extensive with, the seismic areas of the eartliquakes, that is, over

areas of which the dimensions in an^^ direction may be measured

in hundreds of miles, it becomes more than ever necessary to

recognize that the earthquake origins cannot be the result of

processes and disj^hicements, recorded, and indicated, by the

tectonics of the surface-rocks. The real and ultimate origin must

be more deep-seated, and involve either a dispkicement of, or a

change of volume in, the material underlying the outer crust.

This is no occasion to enter into detail, and so I have merely

indicated the general character of the studies which ha\'e gradually

forced me to the conclusion that great earthquakes, and also to a

great extent those lesser ones which are commonly classed as

tectonic, do not owe their origin to the tectonics of the outer

crust, but to processes and changes which take place in the material

below it. What these processes may be we cannot know, with the

certainty which comes from direct observation, for such knowledge

as we think we have comes from inference, deduction, and, to

some extent, simple assumption ; but suggestions have been made
which possess a considerable degree of probability. Among these,

and especially apposite to present considerations, may be placed

Dr. L. L. Termor's studies of the changes in minerak aggregation

which may take place in the solidification of a magma ; he has

suggested that the determining factor m deciding the form in

which the rock finally solidifies, is the inter-relation of pressure

and temperature, and has sliown that the change of volume,

consequent on the change from one mode to another, may amount

to over 20 per cent, in extreme cases. Mr. W. H. Goodchild

has also studied the subject from another point of vie\\'. and

suggested that some of the changes, especially the sej^a ration of

metallic sulphides, take place with great, even explosive, rapidity.

I may point out that we have, within our common everyday

experience, familiar analogies to those changes which are presumed

to take place in the material below the outer crust. Every time

that we fire a gun, the ini])act of the hammer starts a change, by

which the chemical elements, forming the material of the chai-ge,

pass from one mode of combination to another in whicli they

occupy a vastly greater space, and in so doing give rise to the

pressure by wliich the projectik>, whether ball or shot, is proi)ened.
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The familiar lecture experiments of supersaturated solutions, which

remain liquid until some disturbance, or the introduction of foreign

matter, causes a rapid solidification, accompanied by a change of

bulk, offer another analogy ; and a third group of possible changes

is represented by those allotropic alterations with which we are

familiar, of which the alteration of aragonite into calcite may
be quoted as an example.

It is not improbable that, in the material beneath the outer

crust, changes, more or less analogous to one or other of these

t3'^pes, are taking place, some slow and gradual, others more rapid

and sudden, but all accompanied by a greater or less change of

bulk, either of increase or decrease ; and, if this be accepted, we find

an explanation, not only of the forms and origin of earthquakes,

but of many other phenomena, which are difficult of explanation on

any hypothesis of contraction and compression alone. On the one

hand, slow movements of elevation such as that of the northern

Scandinavian region may be attributed to slow and gradual change

involving the whole bulk of large masses, the lesser earthquakes

may be due to more rapid changes in smaller portions, the greater

to transformations involving a larger bulk of material, and possibly

a more abrupt change of combination and densit}^ ; while the

greatest earthquakes, of first-class magnitude, result from similar

changes involving a large bulk of material, the difference between

the origin of small and great earthquakes being analogous to the

difference in the effect of the explosion in a shot-gun, and that of

the Vimy mines, or the recent havoc at Oppau.

To elaborate these considerations forms no part of my purpose
;

enough has been said to show that, even in our very fragmentary

knowledge of what goes on within the substance of the Earth, we

have means of explaining and interpreting the greater part of the

facts known to us regarding the character of earthquakes. I shall,

therefore, end my address by summing up the conclusions which

have been put forward, as to origin and cause. These are, first,

that earthquakes are not due to any slow acting process of secular

duration, but to a rapid, possibly instantaneous, development of

strain, a conclusion which I believe to be true of the greatei' part,

at least, of those earthquakes usually classed as tectonic, and of

all those of great magnitude ; and, secondly, that the development

of strain is not the result of pi'ocesses which have produced the

tectonic structures recognized by surface observation, but to

chano-es and displacements in the matter which lies below the

cooled and solid outer crust.
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February 22nd, 1922.

Prof. A. C. Sewaed, Sc.D., F.R.S., President,

in the Chair.

Irene Helen Lowe, M.Sc., Egremont, Manorgate Eoad, Kingston
Hill (Surrey), and Trevor Hughes Stonehouse, Lawnswood House,
Hill Grrove Crescent, Kidderminster, were elected Fellows of the
Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. * Description of a New Plesiosaur from the Weald Clay of

Berwick (Sussex).' By Charles William Andrews, B.A., D.Sc,
F.R.S., F.a.s.

2. ' The Carboniferous Rocks of the Deer-Lake District of

Newfoundland.' By Thomas Landell-Mills, F.Gr.S., Arthur Smith
Woodward, LL.D., F.R.S., Pres.L.S., F.G.S., and Albert Gilligan,

D.Sc, B.Sc, F.a.s.

Specimens, microscope-slides, lantern-slides, and maps were

exhibited in illustration of the above-mentioned papers.

March 8th, 1922.

Mr. R. D. Oldham, F.R.S., Vice-President,

in the Chair.

Cecil Stevenson Garnett, 25 Crompton Street, Derby ; George

Johnston, Keloil, Kelham, Newark (Nottinghamshire) ; William

Russ, B.Sc, Assistant Geologist, Geological Survey of Northern

Nigeria ; and Cecil Edgar Tilley, B.Sc, A.I.C., Emmanuel College,

Cambridge, were elected Fellows of the Society.

The List of Donations to the Library was read.

Dr. A. Smith Woodward described certain photographs

(natural size) oi Des7nostylus teeth from the Lower Miocene
Sandstone of Southern Vancouver Island (B.C.) exhibited

by Ira E. Cornwall, F.G.S.

The exhibitor wrote that these Besmostylics teeth are slightly

different from any found in either California or Japan, as they

show a well-developed cingulum. They may be from an older

species than Desmostylus liesperus, as r^/twrn L . roablli tk«4ias shown

that the formation in which i\iQj ^^^;^;^^^^%^^^t)i(^^^'>ijo^ev

TOL, LXXVIII. /^ ./ ^/^
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Miocene, while the formation in which DesmostyJus remains have
been fomid in California is Middle Miocene.

One of the teeth shown in the photographs was found in 1916
in the face of the sandstone-cli:ffi west of Mnir Creek, Sooke Bay,
Southern Vancouver Island (^B.C). It was determined by the

late Lawi-ence M. Lambe as the first right upper molar of

DesmostyJus liesperus Marsh, and is now in the British Columbia
Provincial Museum at Victoria. The dimensions of this tooth

are : Lens^th = 31 mm. ; Avidth = 21 mm. ; heisrht of columns
= 17 mm. ; diameter of the largest colimin = 15 mm. ; diameter

of small colmnn = 10 mm. This tooth is considerably worn.

The second tooth was found in the same locality last year by
the Rev. Eobert Connell. Its dimensions are : Length = 17 mm.

;

width = 31 mm. ; diameter of the largest column = 21 mm. ; dia-

meter of the smallest column = 17 mm.

The following communication was read :

—

' On the Geological Importance of the Primitive Reptilian Fauna
in the Upper Cretaceous of Hungaiy." By Baron Francis Xopcsa,

For.Corresp.Gr.S.

March 22nd, 1922.

Prof. A. C. Sewaed, Sc.D., F.R.S., President,

in the Chaii'.

Leo Arthm- Cotton, M.A., D.Sc, Assistant Professor of Geology

in the University of Sydney (X.S.W.) ; Ivan Sidney Double, Lec-

turer in Geology in the L'niversity of Liverpool, 10 Trinity Road,

Bootle ; Edith Goodyear, B.Sc, Senior Assistant in the Geological

Department of L'niversity College, Loudon ; Sidney Hall, B.Sc,

311 BrownhiU Road, Catford, S.E^G; Isabel Ellie Knaggs, 76 South

Hill Park, X.AV. 3 ; Cyi'us Henry Perkins, B.A., Belcomi:. St. Albans

(Hei-tfordshii-e) ; Helen Marguerite TVood, M.Sc, 5 Hiiides Road,

Harrow-on-the-Hill ; and Leonard Langdale AVrathaU, B.Sc,

A.R.S.M., 37 Gwendwr Road, West Kensington, W. 11. were

elected Fellows of the Society.

The List of Donations to the Library was read.

The Peesldext read an appeal to collectors to purchase speci-

mens of rocks and minerals on behalf of the Cornish Miners'

Relief Fund, and du-ected that the notice embodying the necessary

jDarticulars should be affixed to the board in the Society's hall.

The Peesidexi announced that the Council had awarded the



part 2] PKOCEEDINGS OF THE GEOLOaiCAL SOCIETY. Ixxi

proceeds of the Daniel-Pidgeon Fund for 1922 to Heebeet Peice
Lewis, B.A., Greological Department, University of Sheffield.

The recipient proposes to investigate the structure of Caninoid

Corals occurring in the Carboniferous Limestone of North Wales
at higher horizons than their reputed range.

Sir Chaeles John Holmes, Director of the National Gallery,

proceeded to deliver a lecture on * Leonardo da Vinci as a

Greologist.- The Lecturer began by referring to the growth in

recent years of Leonardo's reputation as a man of science. This

rapid growth led recently to a reaction, and it was now not
infrequently stated that Leonardo's scientific discoveries were in

the nature of fortunate guess-work, and were neither proved nor

accompanied by experimental research. In view of this attitude,

the Lecturer felt thai he could not present any statement of

Leonardo's discoveries to a scientific body, such as the Geological

Society, except in the form of extracts from Leonardo's own
writings, which would enable them to judge for themselves

whether his scientific reputation was firmly founded or not.

Reading extracts from the translations made by Mr. McCurdy
and Dr. Richter, the Lecturer pointed out how Leonardo was
really the first to have a large and accurate conception of the

causes underlying the physical configuration of the Earth. His
studies of aqueous erosion, of the formation of alluvial plains, of

the process of fossilization, and of the nature of stratification, led

him to a logical conviction of the immensity of geological time,

and were so far in advance of the dogmatic thought of his age,

that they exposed Leonardo to the charge of atheism. There can

b© no doubt whatever, that if he had not confided these dis-

coveries to the almost undecipherable script of his note-books, and
kept them hidden there, he would have been one of the first and
most notable of the martyrs of science.

Caution thus compelled him to work in isolation, and to keep
his results concealed : he had no scientific instruments, no corre-

spondents to furnish him with observations on geological conditions

elsewhere
;
yet his grasp of the physical history of the portions of

Italy which he had personally visited, was so sound, so firmly based

on experiment and research, and so entirely in accordance with
modern knowledge, that he must be considered the one great

geological predecessor of Lyell.

Since publication of his discoveries was impossible, Leonardo
left a record of them in his paintings, as in the background of the
' Monna Lisa,' the ' Madonna & St. Anne,' and in a less degree in

our own ' Madonna of the Rocks ' in the National Gallery. Here
we find pictures of the primeval world as he imagined it, when
seas and lakes ran up to the foot of the mountains, to be slowly

displaced and silted up by the detritus which the rain carried down
from the summits. From this reconstruction the pictures derive

that sense of action, apart from place or time, Avhich has fascinated
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generations who could not understand Leonardo's meaning as we
can understand it now.

After remarks by Mr. ^Y. Whitaker, Prof. W. W. Watts,
Mr. AY. Dale, and the Peesidext, a cordial vote of thanks was

unanimously accorded to the Lecturer.

April 12th, 1922.

Prof. A. C. Sewaed, Sc.D., F.E.S., President, and afterwards

Dr. H. H. Thomas, Yice-President, in the Chair.

The List of Donations to the Library was read.

The following communications were read:

—

1. ' Oligocene Mosquitoes in the British Museum, with a

Summary of oui* present Knowledge concerning Fossil Culicidse.'

By F. W. Edwards, B.A. (Communicated by the Secretary.)

2. ' On a Collection of Carboniferous Plants from Peru.' By
Albert Charles Seward, Sc.D., F.R.S., Pres.C.S.

3. ' The Geological History of the Genus Stratiofes : an Account
of the Evolutionary Changes which have occurred within the

Genus during^ the Tertiary and Quaternary Eras.' Bv Miss
Marjorie Elizabeth Jane Chandler. (Communicated by Mrs. E. M.
Keid, B.Sc, F.L.S., F.G.S.)

Specimens were exhibited by the Geological Department of the

British ]\[useum (Natm-al History), and specimens and lantern-

slides by the Author, in illustration of Mr. F. W. Edw^ards's

paper.

Specimens and lantern-slides were also exhibited in illustration

of Prof. A. C. Seward's and Miss M. E. J. Chandler's papers.

May 10th, 1922.

Prof. A. C. Sewaed, Sc.D., F.E.S., President,

in the Chair.

William Ernest Victor Abraham, B.Sc, Xyounghla (Upper
Burma); Ernest Batchelor, c/o King, King & Co., Bombay;
Edmund Ernest Stockwell Brown, Wisteria House, Wisteria Eoad,
Lee, S.E. 13 ; George Tmline Button, 8 Marston Ferry Eoad,
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Oxford ; Henry Day, M.Sc, c/o Bird & Co., Research Depart-

ment, P.O. Box 46, Calcutta (India) ; John Kane, Grlenside,

Wattstown, Ynishir (Grlamorgan) ; Wilham Rushton Parker, M. A.,

M.D., F.L.S., Regent Palace Hotel, W. 1 ; David Meredith Scares

Watson, M.Sc, Jodrell Professor of Zoology & Comparative
Anatom}'- in University College, London, 115 Greencroft Gardens,

N.W. 6 ; and Sidney William Wooldridge, B.Sc, Demonstrator
in Geology in King's College, London, 3 Bank Mansions, Heme
Hill, S.E. 24, were elected Fellows of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. ' The LoAver Carboniferous Succession in the Settle District

and along the line of the Craven Faults.' By Prof. Edmund
Johnston Garwood, Sc.D., F.R.S., Y.P.G.S., and Miss Edith
Goodyear, B.Sc, F.G.S.

2. ' The Miocene of Ceylon.' By Edward James Wayland,

AssocR.C.S., F.G.S. , and Arthur Morley Davies, D.Sc, Assoc.

R.C.S., F.G.S.

Specimens and lantern-slides were exhibited in illustration

respectively of the paper by Prof. Garwood & Miss Goodyear,

and of that by Mr. Wayland & Dr. Morley Davies.

A plaster cast of a model of Peloneustes i^liilaTcus, modelled by
the Rev. Henry Neville Hutchinson, M.A., F.G.S., & Mr. Edward
Godwin, was exhibited, and it was announced that Mr. Hutchinson
had presented the cast to the Society.

A photograph (presented by Mrs. A. M. Blake) of a portrait

painted by Eddis, of William Blake, Pres. Geol. Soc. 1815-16, was
also exhibited.

May 24th, 1922.

Prof. A. C. Sewakd, Sc.D., F.R.S., President, and afterwards

Dr. G. T. Peioe, F.R.S., Vice-President, in the Chair.

The List of Donations to the Library was read.

The Peesident then proceeded to deliver a lecture (illustrated

by lantern-slides, microscope-slides, specimens of rocks, fossils, and
plants) entitled ' Geological Notes on Western Greenland.'
He remarked that Greenland is a ' closed ' countrj' ; the trade is a

monopoly of the Danish Government, and no foreigners or Danes
other than Government officials are allowed to go there without

special permission. On June 18th, 1921, the Lecturer left Copen-

hagen, accompanied by Mr. R. E. Holttum, of St. John's College,
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Tv-itli the primarr object of collecting fossil and recent plants

on Disco Island and at other localities between lat. 69"^ X. and
71^ X. G-odthaab was reached on June 2Sth, and Grodhavn (Disco
Island) on July -Ith. Rather more than thi'ee weeks were pissed

at the Ai'ctic Station at Godhavn with Mr. Porsild, the Director,

who rendered invaluable service. The Arctic Station, which was
planned and dii-ected by ^Ir. Porsild, was afterwards taken over

and subsidized by the Danish Government. In the coui'se of two
motor-boat excursions, a distance of over 600 miles was covered

;

many localities were visited on the northern and north-eastern

coasts of Disco Island, on the coast of Xugsuak Peninsula, also

Hare Island, Upernivik Island, Eitenbenk, Sarkak, and Jakobshavn.
Greenland is an island nearlv 1700 miles Ions*, with an averaafe

breadth of about 600 miles ; approximately a hundred glaciers

from the inland ice reach the sea, the largest of which (the

Humboldt G-lacier) ends in a cliiff 60 miles broad. In the course

of the lecture attention was called to the various forms of icebergs

seen in G-reenland waters, and to the views expressed by Mercanton
on the origin of the various types. A brief account was given of

some of the characteristic types of vegetation. A general account

of the physical and geological featm-es of Greenland as a whole
was followed by a more detailed description of the Cretaceous and
Tertiary sedimentaiy series of Disco Island and the Xugsuak
Peninsula, and of the overlying and protecting basalts which in

some places rest directly upon the old Ai'chaean land-sui-face, to

the exclusion of the sedimentary series. Special attention was
dii'ected to the nature of the sedimentary rocks (most of which
are freshwater in origin), to the occuiTence of raised beaches, to

evidence of recent sinking of pai'ts of the western coast, and
to some of the more sti-iking examples of dykes and sills in the

Cretaceous and Tertiary sedimentaiy series.

Xo attempt was made to describe the palieobotanical results
;

but allusion was made to some of the problems presented by the

Cretaceous and Tertiary floras.

A heai-ty vote of thanks was unanimously accorded to the

Lecturer.

June 14th. 1922.

Dr. G. T. Peioe, F.R.S., Vice-President,

in the Chair.

Meurig Thomas Adam?, Croft House. 53 Morfa Sti-eet, Bridgend

(Glamorc^an) : Cecil Thomas Barber, B.Sc. School House, Cook-

hiU, near Alcester : George Stanfield Blake, B.Sc, A.E.S.M.,

M.I.M.M., Imperial College of Science & Technology, S.W. 7

;

John Henry Blizard, M.I.C.E., Eoman Eoad. Bemerton. Salis-

bury ; John McClelland Henderson, Ph.D., M.I.M.M.. Apartado

232". Maracaibo (Venezuela) : Carl Archibald PhiUips. P.O. Box

4:59, Calcutta (India) ; Marie Carmichael Stopes, D.Sc, Ph.D.,
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F.L.S., Givons Grrove, Leatherhead (Surrey) ; William Torrance,

F.C.S., Grrootfontein School of Agriculture, Middelburg (Cape
Province) ; and Eustace Tanfield Vachell, Osmond House, 8 Cathe-

dral Road, Cardiff, were elected Fellows of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. * The Petrography of the Cretaceous and Tertiary Outliers of

the West of England.' By Prof. Percy Oeorge Hamnall Boswell,

O.B.E., D.Sc, D.LC, F.G.S.

2. ' On some Rugose Corals from the Burindi Series (Lower
Carboniferous) of New South Wales.' By Prof. William Noel
Benson, B.A., D.Sc, F.G.S., and Stanley Smith, M.A., D.Sc,
F.G.S.

Lantern-slides and microscope-slides were exhibited in illus-

tration of Prof. Boswell's paper ; and specimens of fossils were

exhibited in illustration of the paper by Prof. Benson & Dr.

Stanley Smith.

June 28th, 1922.

Prof. A. C. Seward, Sc.D., F.R.S., President, and afterwards

Mr. R. D. Oldham, F.R.S., Vice-President, in the Chair.

The List of Donations to the Library was read.

The Names of certain Fellows of the Society were read out for

the first time, in conformity with the Bye-Laws, Sect. VI, Art. 5,

in consequence of the non-payment of the arrears of their Annual
Contributions.

The following communications were read :

—

1. ' The Petrology of the Metamorphosed Rocks of the Start

Area (South Devon).' By Cecil Edgar Tilley, B.Sc, A.I.C.,

F.G.S.

2. ' The Glaciation of the Counties of Antrim, Down, and parts

of Armagh, Londonderry, Tyrone, Monaghan, and Louth in

Ireland.' By Major Arthur Richard Dwerryhouse, T.D., D.Sc,
M.R.LA., F.G.S.

Lantern-slides, microscope-slides, and rock-specimens were ex-

hibited in illustration of Mr. C. E. Tilley's paper, and lantern-

slides were exhibited in illustration of Major A. R. Dwerryhouse's
paper.

A giant Gastropod (?) from the sandstones in the Wadhurst
Clay, Hastings, was exhibited by the Geological Department of

the British Museum (Natural History).
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I. Inteodiictio:n^.

Eighteen years ago the late J. F. Walker and myself described

to the Society 1- a remarkable fossiliferous limestone occurring*

immediately beneath the Grault at Shenley Hill near Leighton

^ ' On a Fossiliferous Band at the Top of the Lower Greensand near Leighton
Buzzard ' Q. J. G. S. vol. lix (1903) pp. 234-65 & pis. xvi-xviii.

Q.J.G.S. No. 309. B
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Buzzard. The bed differed, both in its lithological characters and
in its fossil contents, from any other deposit then known at this

horizon in England, and the problems which it presented demanded,

and have received, further investigation. Walker continued

assiduously to explore the palaeontology of the bed, until his work
was cut short suddenly by death in 1907. Partly by personal visits

to the locality, but mainly through the agency of the quarrymen,

lie had been able by this time very largely to increase his collection

of the fossils, and had made progress in his study of the brachiopod-

fauna, which was his particular interest. It was his intention

ultimately to deal exhaustively with this element of the fauna, and,

as a preliminary step, he had already prepared and sorted many
thousands of specimens into their proper specific relationship, with
provisional determinations where possible.^ The collections thus

arranged by his own hand are, however, all that remains to us of

the work that he did after the publication of our joint paper.^

Some information culled from them will be given in a later part of

tbe present paper.

While my late, colleague continued to explore the palaeontology

of the Shenley bed, I devoted attention, as before, more ^particularly

to its stratigraphical aspect. Visits in successive years constantly

revealed new features of interest during the continued excavation

of the Shenley sand-pits, and showed also that other pits in the dis-

trict Avere approaching the junction of the Gault with the Lower
Oreensand. Eventually I succeeded in obtaining evidence, long-

expected, for the presence of the JKammillatus Bed in sections

south of Leighton,*^ and afterwards in cuttings within half a mile

of Shenley Hill.

The Leighton Sand trade received a great impetus as the

result of the War, wherefrom the old pits have been energetically

Avorked and several new ones opened. During last summer and
autumn (1920) I was able to undertake a leisurely examination of

all the sections, and I propose in this paper to combine the infor-

mation thus obtained with the observations gathered at intervals

since 1903, into a general review of the character of the Gault-and-

Lower-Greensand junction in the district. This junction is of

peculiar interest, and nowhere else in England has it been so

extensively displayed in open sections.

^ See reference to this work in ' Obituary : John Francis "Walker ' Geol.

Mag. 1907, p. 383.
^ By the liberality of his widow and his son, Walker's collection of

brachiopoda in its entirety was presented to the British Museum (Natural

History) at South Kensington, and the fossils other than brachiopoda were
similarly presented to the Sedgwick Museum at Cambridge. My thanks are

due to the authorities of these museums for the facilities afforded to me in

•examining the collections.

^ Brief references to new features in the Shenley sections and to the dis-

covery of the Mammillatus Bed south of Leighton are contained in my reports

on two excursions of the Geologists' Association, 1908 & 1915, Proc. Geol.

Assoc, vol. XX, p. 475 & vol. xxvi, p. 310. See also my letter on ' Gault &
Lower Greensand near Leighton Buzzard ' in Geol. Mag. 1920. pp. 234 37.

b2
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The attractiveness of my subject has been enhanced by the
recent pubhcation of a pa^^er by Dr. F. L. Kitchin & Mr. J. Prmgle,
in which it is argued that the strata above the Lower Greensand in

the Shenley Hill sections have been inverted by Glacial agency
;

also that there is an overlap of the Upper Gault upon the Lower
Greensand in this quarter ^

; both of which suppositions can, I think,

be shown to be incorrect. The discussion of these points will be
dealt with sej^arately in the concluding part of this paper, after I

have described the sections of the new pits and the new featui-es.

revealed in the pits previously described.

The general geological structure of the country around
Leighton Buzzard was shown in the paper of 1903 hj a sketch-

map reduced from the Geological Survey map (Q. J. G. S. vol. lix,

fig. on p. 235), and for the present purpose requires no further

illusti'ation.

As the original interest centi-ed upon the pits under Shenley
Hill, I will first record the additional information obtained from
this place, and will then deal in turn with the new section s^

east, north-east, north-west, and south-west of Shenley. The
position of the sections is marked on the outline-map (fig. 1, p. 2).

II. Desceiptio>' or the Sections.

The Shenley Hill pits.—Shenley Hill is composed of Gault,

based on Lower Greensand, and capped and protected by the

remnant of a dissected plateau of Glacial Drift, chiefly Boulder

Clay. The hill rises well above the 400 -foot contour, an Ord-
nance Trigonometrical Level of 457 feet being shown at less than
400 yards from the sand-workings. The workings themselves

are on the lower slope, with an avemge ground-level of about
350 feet, the slope continuing south-eastwards into the broad

Post- Glacial valley of the Clipstone Brook, where the 300-foot

contour is reached at about half a mile south-east of the sand-

pits. These are steep slopes for so ready a slipper as the Gault,.

and the consequences are apparent in most of the sections.

Of the three contiguous pits mentioned in the previous paper,^

which in 1902 were being pushed westwards into the steep slope of

the hill, and in which the fossiliferous limestone was sporadically

exposed, the middle one only—Harris's -^—is now in operation.

Chance's on the north and Garside's on the south were abandoned
about 15 years ago, and the terminal sections in both are obliterated

by downwash, vegetation, and spoil; their final position is indicated

on the ground-plan (fig. 2, p. 5) which, if compared -^vith the

^ ' On an Inverted Mass of Upper Cretaceous Strata near Leighton Buzzard.
Bedfordshii-e : & on an Overlap of the Upper Gault in that Neighbourhood ^

Geol. Mag. 1920, pp. 1-15. 52-62. 100-13.
- For plan of the -n-orkings at that time,, see fig. 2 of the paper.
^ Through a misapprehension of the spoken name (Gregory Harris), the

incorrect rendering 'Eigby Harris ' tv as applied to this pit in the previous

paper.
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plan (fig. 2) in the previous paper, will give the measure of the

later work.

In regard to the general succession of the deposits and the com-
position of the limestone-lenticles, our former descriptions have
been found to hold good in all particulars, and need not be repeated.

Minor changes were constantly observed in the few feet of variable

Fig. 2.— Ground-plan of the Shenley Hill sandpits.
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beds immediately beneath the Gault, and a new feature Avas pre-

sented towards the western end of G-arside's pit by the incoming of

a wedge of greensand between the Grault and the ironstone-breccia

(see figs. 4 & 12, pp. 11 & 22), but otherwise the features of the

sections remained the same throughout. The limestone Avas seen at

intervals in all three pits, always in the form of impersistent tabular

lenticles of variable size. It happened often on our visits that none

of the rock was visible in place, while at other times it Avas well
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displayed. The larger masses occurred only under the low dome of

unbroken iron-pan (C in fig. 3 of the previous paper) which rises

from both sides towards Harris's pit, declining gently northwards
and southwards, as shown in fig. 12 (-p. 22). In Chance's pit on the

north, the limestone became much streaked and intermingled with
glauconite and gi'it, and was usually more or less decomposed, so

that its fossils, though readily disentangled, required sizing for

theu' preservation ; and in places the I'ock passed into a soft ochreous

calcareous paste in which the fossils were obliterated. A large

nmnber of the specimens in the TN^alker Collection were obtained

from this pit. Similar conditions were also observed on the south

as the working in G-arside's pit advanced westwards, the Hmestone
decreasing in quantity- until it was reduced to a few soft calcareou.s.

patches occuri'ing as matrix am.id the ironstone-breccia.

It is noteworthy that the cleanest and whitest ' silver sand,'

for which the pits are worked, has been found under the dome,
where the iron-pan floors are unbroken ; feiTuginous discoloration

sets in on both flanks whei*e these bands become lenticular and
brecciated, and where the firm thick tables of limestone are absent.^

The clay-cover became steadily thicker as the workings were
pushed westwards, and in this cover Harris's pit, now cutting into

the steeper clay-slope, has recently disclosed some new information

respecting the Gault. From its slippery character the sections

in the G-ault are soon spoilt, and need to be seen under favour-

able circumstances. Dr. Kitchin ct ]\Ir. Pringle appear to have
fomid a clear section in this pit in October 191S, revealing about

10 feet of Gault ; but they m.ention that this was obliterated by an

extensive slip early in 1919. which, however, enabled them to

examine some higher G^ult. estimated to be about 18 feet above

the base- : by careful search they obtained some fossils, hitherto

uiirecoi*ded, from the sparingly fossiliferous lower portion of the

Gnult, together with a few others from higher levels. Last year

(1920) a richly fossiliferous band was exposed near the top of the

section, and enabled me to collect material which throws light on

the relations of the Upper and Lower Gault in the district.

The section exposed in the northern part of Han-is's pit in the

autumn of 1920 is shown in the following figure (fig. 3, p. 7),

which maybe compared with the section farther south in the same
pit in 1902, given in fig. 3 of our previous paper.

1 Many particiiLars respecting tlie Leighton Sands from tlie economic stand-

point, including descriptions of the "workings and the methods of treatment of

the material, -n-ill be found in Mem. Geol. Surv. Special Eeports on the Mineral

Resources of Great Britain: vol. vi. Eefractory Materials.' kc. 2nded. (1920)

pp. 180-83; and in Prof. P. G. H. BosAvell's = British Eesouxces of Sands

suitable for Glass-making. &c.' London. 1916, and ' Supplementary Memoir
on British Eesources of Sands & Eocks used in Glass-manufacture. <tc.'

London, 1917.
- Geol. Mag. 1920, p. 9.
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Fig. 3.

—

Profile section at tlie northern end of Harris's pit,

Shenley Hill, August 19S0. Stirface (at Ireahaway), ahotit

383feet O.D.

W. E.

5^ ^^^M^-\^"'^ ..,v
•^V,.
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^

Brown clay-soil witli flints, passing down into

—

1

Pale-grey marly Gault, with massive structure, disturbed and
5 probabl}' more or less sliding, with a few stones in the upper

part, and some obscure bedding towards the bottom 5 to ft

o a. Band of phosphatic nodules of all sizes up to 6 or 8 inches in

diameter, containing many fossils, in very fossiliferous pale-

grey clay ; some of the nodules pale grey, others black and
showing scars of adherent Plicatulae, polyzoa, etc. ; both kinds
generally much corroded on the upper side, and the smaller
nodules frequently embedded in a regrowth of concretionary
phosphate ('compound' nodules) .;

^
Ammonites abundant but mostly'' fragmentarj^, the majority

belonging to the keeled ' rostratus ' group, but others akin to
' auritus,' ' splendens,' etc. ' Inoceramus sulcatus ' also

abundant. (See further, p. 53.)

4 b. Gault obscured by slips about 8
[' At 8 to 10 feet above the base ' of the Gault Dr. Kitchin &

Mr. Pringle found ' a HojoUtes of the tuherculatus group ' and
others including ' a large involute hoplitid of flattened discoid

form ' apparently representing ' one of the several series whose
members are commonly united under the favoui'ite collective

name S. splendens.' ' At this level and in the overl3'ing part of
the clay there occur large crushed examples of Inoceramus
sulcatus Park.']

f(Upper Step). Excavation in slipping ground : material mainly
the pale top clay, but mixed in places towards the bottom

4. •{ with darker and more platy blue clay which yielded a fragment

1
of ' Ammonites splendens ' 3

l^(Lower Step). Gault in place, but with slide-planes in places,

indicating movement under the slip; dark-blue (drying greyish-
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Thickness in feet.
4. blue) platy claj-, rather silty in texture, with green-mottled
{cont.) markings here and there : small smooth brown-coated black

phosphatic nodules, widelj' spaced, but with linear tendeucj'

:

rusty joints often coated with small selenite-crystals, giving
blocky fracture, due to shrinkage and weathering with decom-
position of original pj-rites. Streaky green and crimson |-inch
layer in places at the base, resting on the iron-grit floor. Fossils

rare, except ' Belemnites minimus' and crushed ' Inoceramus
concentricus ' ; but there are some traces of crushed ammonites
and other shells. [Dr. Kitchin & Mr. Pringle record an ammonite
of the auritus-group, supposed to be Soplites cafillus (J. de C.
Sowerb}'), and yaiitilus deslongchampsianus d'Orbigny, along
with a few other fossils ; see joosfea, pp. 51-52J 4

3. Iron-grit floor, 1 to 2 inches thick, with minor undulations,
abraded on the knobs, and with a little coarse gritty sand pre-

served in some of the hollows, capping ochreous grit and iron-

stone-breccia with calcareous patches and ramifying veins and
tables of iron-grit : as fullj- described in the previous paper,

p. 238 2to2|
2. ' Silty beds '

: loamy greensand, clay, etc. ; as described in the pre-

vious paper (Bed F), but diminished in thickness and without
the underlying lenticles of iron-grit, sandy pyritous claystone.

etc. (Bed G) seen in 1902 about 2
1. ' Silver sands ' (see fonner paper), worked to a depth of 18 to

20 feet Top only shown.

All tlie other Shenley Hill sections have exhibited only the

dark platy lower clays, usually with a ' creep ' of amorphous
clay above them, and this is the first section that has reached

high enough to reveal the incoming of the Upper G-ault fossils,

' Inoceramus sulcatus ' and the keeled ammonites, although these

forms have long been known to occur at another pit near Heath
House, 900 yards west of the Shenley Hill pits (see p. 28).

The band of phosphatic nodules 5 a is of particular interest, both
from its structure and from its fossils. There can be little doubt
that it is a prolongation of the nodule-bed seen by Jukes-Browne
in 188-1, in a brickyard-section north of Leighton Buzzard, from
which he obtained numerous fossils, including eight species of

ammonites (see p. 27). described as a 'mixture of Lower and Upper
Gault species.' ^ The nodules are distributed rather sparsely and
irregularly in a layer which could be traced horizontally for 12 or

15 yards, m the top breakaway, before being hidden by the slip.

The layer was unbroken, but showed some minor undulations pro-

bably due to slipping, the pale marly clay above it being all more
or less affected by ' creep.' It does not contain any extraneous

coarse transported matter, differing in this respect entirely from

^ ' The Cretaceous Rocks of Britain—vol. i : The Gault & Upper Greensand
of England' Mem. (ieol. Surv. 1900, p. 285. In our previous paper {op. cit.

p. 245) I presumed that the brickyard was that, now disused, on the

south-east side of the road from Leighton to Shenley Hill, 1100 yards
south of the sand-pits ; but I have since found that the place referred to was
a working, now obliterated, near the Heath House sandpit (postea, p. 28).

The nodule-band in Harris's pit does not appear to have been exposed in

1919 when Dr. Kitchin & Mr. Pringle examined the section, as they state

(Geol. Mag. 1920, p. 61) that 'Xo nodule-bed similar to that described by
Jukes-Browne has been seen in any of the sections examined by ns, and we
are unable to test the value of his record.'
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the coarse basement-beds of the Grault presently to be described.

The * compound ' structure and general aspect of the nodules,^ as

well as their fossil contents, imply that they have been concentrated

on the sea-floor during a rather long interval when normal sedi-

mentation of the Grault clay was arrested, presumably by current-

action. A similar phosphate-bed at about this horizon, formerly

worked for ' coprolites,' is described by Jukes-Browne as occurring

at several places along the outcrop of the Gault in Bedfordshire

and Buckinghamshire.

2

It is important to note that the band is also nearly on the same
horizon as the nodular ' Junction Bed, YIII ' of the Folkestone

Grault, respecting which Price's remarks are so apposite that I will

recall them. He says :
—

' I would suggest that these lines of nodules, mixed as they are with rolled

fossils, occurring so plentifully throughout the deposit, mark the floor of the

sea during a period, more or less vast, when great physical changes may have
altered the course of the currents, and so borne away the sediment, to be

redeposited in another direction ; or they may represent periods of upheaval
or tranquillity, when the sea-bed was at rest. It may thus be argued that

these nodule-beds, not exceeding 1 inch in thickness, are equivalent to a period

of time far greater than was required for the deposition of several feet of clay.'"^

The lowest part of the Grault has shown little or no change
during the working-back of the pit, except that the impressions of

crushed fossils sparingly present in it are rather less obscure than
they Avere Avhere the cover was thinner. Traces of the decompo-
sition of original pyrites are very apparent, and may partly explain

the poor condition of the fossils. The small brown-coated nodules,

an inch or two in diameter, which occur in this part of the clay are

quite different in aspect from the nodules of the higher bed just

described, and have not been concentrated or corroded. A fragment
of decomposed pyritous wood, 4 or 5 inches long, associated with
a line of the small nodules, had however been bored by marine
organisms, and was partly encrusted with small oyster-like shell-

scars. The fossils of this portion of the clay will be dealt Avith in

the discussion of the supposed overturn (pp. 51, 78).

Last autumn, no solid limestone Avas visible beneath the Gault
in the portion of the pit illustrated. The oehreous ironstone-

breccia (3) was, however, in one place very calcareous, and repre-

sented the decomposed feather-edge of a tabular mass of limestone

^ Incidentally the nodules supply proof that the band and its associated

deposits are not turned upside down, as supposed by Dr. Kitchin & Mr. Pringle.

Most of the larger nodules, and many of the smaller ones, are deeply corroded
on their upper surface but comparatively fresh on the under side, this being

particularly conspicuous when, as is frequently the case, the nodules are

casts of portions of ammonites. The under surface often presents a beauti-

fully-smooth bright cast of the shell, whereas on the upper surface the fossil

is almost or quite indistinguishable. This condition of the larger fossils is

well-known in many deposits of slow accumulation, as for instance in certain

parts of the Chalk and other limestones (see Proc. Geol. Assoc, vol. xviii, 1904,

pp. 287-89).
" 'The Gault & Upper Greensand of England ' Mem. Geol. Surv. supra cit,

pp. 277-78, 280-82.
3 ' The Gault ' by F. G. Hilton Price, London, 1879, p. 9.



10 ME. a. W. LAMPLUGH ON THE JUXCTIOJS^ OF [vol. Ixxviii^

recently quarried away, as indicated in the figure. When I saw
the section in the preceding spring the workmen were breaking

through this table of limestone, which was 9 to 12 inches thick,,

and 10 or 12 feet long, lying everywhere in one plane immediately^

under the topmost la3'er of iron-grit. The rock was, as usual,,

full of fossils, and was similar in all respects to the lenticles seen

and described 18 years ago.

It has occasionally happened since that time that no limestone

has been met wath in the pit for three or four years in succession,,

but every fresh patch exposed has been on exactly the same
stratigraphical horizon, and has presented the same lithological

peculiarities.

The sharp line between the capping iron-grit band and the

bottom of the Gault in the above section marks an interval of time
and of non-deposition at this spot, on which fresh light was fortu-

nately thrown b}^ the workings in Garside's pit immediately on
the south, before they were suspended some 15 years ago. These
workings will be described next.

Garside's old She

n

ley pit.—In 1902 the section in this

pit was too near the outcrop of the base of the Gault to show a

clear succession, there being only about 4 feet of disturbed and
weathered clay overlying the capping of iron-grit and breccia

above the ' silver sand.' But, when I revisited the locality in the

folloAving summer (1903), fresh sections had been cleared in the

western j)''^i''t of the pit, and its north-and-south face revealed

the gradual incoming of a wedge of calcareous greensand between
the iron-grit floor and the Gault. The sections were practically a

southward continuation of those opened up by Harris's pit. The
Basement beds sloped down to 20 to 30 feet below their level in

the present exposure at Harris's. The following details are from
my note-book.

Section at the west side of Garside's old pit, August IStli, 1903.

Surface, about 350 feet O.D.

Thickness in feet.

ZY
-V. Stiff grey-blue claj', with a few stones (probably mostly 'creep') 4

r Eatlior pale blue clay with ferruginous bands, somewhat disturbed. ") «

, 3 ' Inoceramus concentricus ' plentiful in one band. )

1 Darker blue and ferruginous brownish-blue claj', j-ellowish and 7 ,

L gritty in places at the base (4 a). )

3 b. Greensand, yellowish and rather clayey towards the top ; clean, and~)

dark sage-green below ; full of worn and broken bits of shell
|

in the lower 6 inches, but hardly a\\\ fossils in the upper part. } 3
' Belemnites minimus,' ' Inoceramus concentricus,' small 'Ostrea,'

|

' Cidaris ' spines, teeth of fishes, etc. (See p. 49.) J
The bed thins out to about 9 inches as we go 7 yards northwards;

and at the next working-place, a few yards farther north, has

entirely died out ; but at the base of the Gault there is a dark

claj'^-band, full of small black pebbles (lydite, etc.), about 6 inches

thick, resting on

—

3, Irregular floor of iron-grit, worn on the knobs, with breccia of

ironstone, etc. in the hollows.

2&1. Lower beds as in the preceding paper, not studied in detail.
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Later in the same year (1903) the sections were examined by
Mr. Walker, who sent me details Avhich agreed with my own
observations. In response to my request that he would search the

greensand for fossils, he wrote :

' We [himself and his son] broke up a good many of the blocks [on the tip-

heap] and also a lot of the section, but it was so damp that the fossils were
softer than the matrix and they fell in pieces I could not see our bed
[the limestone] pass into the greensand : I think it occurs underneath it ; at

the far end of the pit our bed is seen, but the fossils are very badly pre-

served : we got a few out, but the space between was covered by the fluid

clay which had run down. The fossil conglomerate-bed seems to thicken
towards the end of the working.'

On my next visit, in the summer of 1904, I found that some
novel and highly interesting features had been revealed, as shown
in the middle part of fig. 4. This figure is a combination of the

three drawings made in my note-book in 1903, 1904, & 1906,
and gives a somewhat shortened section across the pit from north-

west to south-east.

Fig. 4.

—

Combined section across Gnrside^s old pit at SlienJey

Hill, from sketch-sections in 1903, 1904, Sf 1906, described

in the text.

S.E. N.W.

2. Scalf: vertical Q . . . . .

10 15 feet limestone

horizontal slightly reduced

Section of the south-eastern corner of Gar side's old pit,

August 14th, 1904. Surface, about 350 feet CD.

Thickness in feet

.

^} . Clay with a few flints, etc., passing down into disturbed claj', 3
4 passing into

—

4b. Rather pale-blue homogeneous Gault clay, crowded in places with ")

^
' Inoceramus concentricus.' )

4. Striped Gault clay, some bands dark and rather gritty (4a),'^

others paler and some ferruginous : a few pale brown-coated > 6
nodules : fossils rare. 3
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ThicTcness in feet.

3 b. Loaiuy calcareous gi'eensand, with lydites and small grey irregular^,

pliosphatic nodules ; fossils, chietiy towards the base and in
j

pockets at the margin of iron-grit crag— ' Belemnites minimus,' Y 3 to 4
' Inoceramus concentricus,' " Ostrea,' Cirripedes, Serpulae, ' Tere-

|

bratula,' etc. (see p. 49). J
X. Protruding crag of hard purple iron-grit, worn smooth and bossy

at the top and partly at the sides ; with hollows and pipes both
at the top and the sides tilled in with fossiliferous greensand,

but the summit overwrapped by Gault clay : some adherent
03'ster-scars in sheltered parts : ironstone-breccia against the base

on the west side. Crag about 5 feet broad and 3 to 4 feet high.

A smaller detached lump of similar composition, about 7 yards
farther west, is probably protruding from another crag behind
the present section-face.

3. Thin undulating pan or pans of iron-grit, associated with worn"^

ironstone-breccia containing soft calcareous patches indicative of
|

incipient or decomposed limestone-lenticles. The iron-grit pan )- 1 to 3

fairly continuous, but sometimes duplicated, enclosing lenticles
j

of breccia, etc. : or with breccia in hollows above or below. J

2. Silty beds : well-stratified loamy sand (in part glauconitic), silt,

thin clay-streaks, ferruginous layers with thin tabular concre-

tionary ironstone, etc. ; at the base, tabular ironstoue-lenticles

up to 3 inches thick. (See section in the previous paper, fig. 3,

p. 238.) up to 2^

1. Orange-coloured sand passing down irregularly into silver sand :

at tbe east side, orange-coloured and ferruginous brown sand
parti}- converted into iron-grit (1 x) down to 6 feet, with silver

sand below, to the bottom of the pit worked to about 15

The upstanding crag of iron-grit, whicli was tlie most singular

feature of the section,^- was photographed soon afterwards by
Mr. Basil Schon, F.G.S., who kindly sent me prints (exliibited).

Living at that time in Ireland, I had no opportunity to ^dsit the

.section again until 1906, by which time no trace of the crag was
left; but I was told by the workmen that it rose higher than I saw
it, before they reached the end of it. In 1906, the section was as

follows :

—

Section at the southern end of Garside's old pit,

August nth, 1906. Surface, about 350 feet O.D.

Thickness in feet.
* Top as before ' 'not drawn]

4. Gault; with well-marked bedding, dipping eastwards, brought out"^

b}- ferruginous-stained bands. ' Inoceramus concentricus ' very f about 5

abundant, but hardly any other fossil seen. Line between C examined.
Gault (4 a) and Greensand (3 b) not very well marked. )

3 b. Dark loamy greensand, thinning rapidly eastwards 5 to 2
' Belemnites,' ' Ostrea,' and other fossils as before, but nothing and less,

fresh. Sharp base.

^ A brief account of the peculiarities of this section was given in my report

of an 'Excursion to Leighton Buzzard' Proc. Geol. Assoc, vol. xx (1908)

p. 475.
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Thickness in feet,

3. Oclireous conglomerate of partly-worn ironstone-fragments, grit-")

pebbles, etc. : in one place, capped by a ' table ' of hard iron-grit

46 inches long and 5 inches thick ; on a more or less continuous
floor of generally coarse iron-grit, but passing down in one place ^ 1 to If
into coarse green pebbly sand or grit. Iron-pans above the

floor, mostly broken up,>but with a few veins later than breccia-

tion. No limestone visible. Sharp base.

2. Silty beds : loamy greenish sands, clays, etc., as before; on tabular

ferruginous concretions about 2

1. Silver sand.

That the bosses of h'on-grit formed crags on the sea-floor is

clear from all the ch'cumstances, and their presence is probably

responsible for the preservation of the smTOunding greensand, by
protecting it from the full sweep of the sea-cm'rents. The relation

of the ironstone of the crags to the underlying beds is not well

shown, either in my note-book section or in Mr. Schon's photo-

graphs, but may be explained by recent sections in pits on the

east, presently to be described. The masses were probably

indurated bosses of the main lower sands, with the breccia, etc.

banked around their undercut edges, as in the Nine Acre and
Miletree pits (figs. 8, 9, & 10, pp. 16, 18, & 19).

The southerly working of the pit ceased not long after my visit

in 1906, for in March 1908 I found all the faces slipped and
obliterated, and the}^ have since been banked in by tip.

I have entered fully into the particulars of my observations at

this spot, because it is held by Dr. Kitchin & Mr. Pringle that

the greensand beneath the Gault (which they never saw) must
have been ' Upper Grreensand ' brought into this position by Glacial

inversion, an idea irreconcilable with the facts.

The structure of Shenley Hill in a north-and-south line, nearly

parallel to its axis, is shown in the reduced section (fig. 12, p. 22),
in which the sections observed in the contiguous pits are combined.

The great variability of the beds immediately below the base of

the Gault in this region is exemplified to a still more striking

degree in a group of practically continuous sand-workings stretch-

ing eastwards from Shenley Hill, next to be described, as well as

by others on the north and west.

The positions of the easterly workings are shown on the plan

(fig. 2, p. 5) ; most of them are still in operation, and the informa-
tion now to be given embodies the evidence which they presented in

the summer and autumn of last year (1920), supplemented in a few
cases by observations of earlier date. They have many features in

common, along with points of individual peculiarity ; the folloAving

descriptions and figures of the more important portions are arranged,

so far as possible, in an easterly sequence. Their relation to the

section at Harris's pit, above described, is showai in the combined
section (fig. 13, p. 22).



Fig. o.

—

Section at the nortli-eastern corner of the new (Easij

working of Garside's pit, Shenley Sill ; 120 yards south

of Sandpit Cottages. September 8th, 1920. Surface, ahout

340 feet O.B.

^\.—
V

E. •• y,

Scalc^Verrical and Horizontal
10 15 feet

ZY.

ZY
T

4 a.

3.

Thicl-fiess infect.
Soil passing' dowTi into gravelly loam, mainly of flints with, a few~^

iron-grit fragm.ents, quartzites. and other drift-stones and
j

boulders ; luoped and contorted with tmderlying clay, and with > 1 to 4
slickeu-planes in places := Late-Glacial gravelly wash disturbed

\

by later ' trail ' movement. J
Ee-arranged pale-blue Gault clay, with an occasional flint or drift-^

stone in the upper part : much calcareous ' race ' in places :
j

crimibly texture and massive structure with sharply-cut ) about 2

bright slicken-planes, probably due to 'creep': passing down
j

into

—

J
Disturbed Gault : brownish ferruginous clay, somewhat

^
weathered, with a few small brown-coated phosphatic nodules > li to 2^
(black inside), and much white "'race.' J

Dark greyish-blue platy Gault : with streaks containing polished^_

grit-grains in the lower half: and mottled streaks of dirty
j

greensaud in the lowest inch or two : in one place a lenticle of *

gritty greensaud, half an inch thick, at the base. Xo fossil? ,

seen, but all the clays are more or less weathered and penetrated
{

by tree-roots. J
Loamy and ochreous iron-grit breccia, with some soft decomposed^
patches, partly calcareous, partly phosphatic; and some tabular [

slabs of iron-pan, measuring up to 2 feet in length and about an T

inch thick. J
Orange-coloured and bufl-coloured sand, rising to near the top
farther south, and there passing into and capped by iron-grit.

tol

i to2

Section (weathered) at the', east side of a small old parti y-
overgrown pit, 100 yards east of Chance's pit (see plan,
fig. 2, p. 5), September 6th, 1920. Surface, about 350 feet O.D.

Thiclness in feet.

lto2Z.

4.

3.

Clay soil, with a few flints and drift-pebbles

Gault, poorly exposed, weathered and crumbly, with roots of^
recent vegetation down to 6 feet : darkish grey-blue and platy

|

in the lower part, with a paler band about 1 foot thick : bits of

shell, but nothing identifiable fotmd : a few small brown-coated
phosphatic nodules : not much " race '

: red layer at the base, on
pan of iron-grit. j

Iron-grit and ochreous breccia, slightly calcareous in places : thin

tabular iron-grit 1 to 2 inches thick at the top, nearly

uous, but broken in places, with worn and polished fragments

to 4 inches in diameter below, also small polished pebbl

Ferruginous brown and yellow sand with ironstone, passing at the

top iuto dark, liver-coloured, iron-grit rook. 6 to 9 inches thick

:

j-oorly expose! to

y about 10

J
laces : thin

"J
irly contin- f x

igments up f ^

3bles, etc. j
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Another old pit in the same field, 100 yards farther east, was
being re-worked in 1903, and showed a somewhat different section

from the above in its northern part, where the Basement beds (3)
filled a hollow in the Sands. The section is now obscured, except

iit one place, Avhere a small re-excavation, made recently for

Dr. Kitchin & Mr. Pringle, shows the following succession.

I understand that the so-called 'catillus' ammonite (see p. 52)
was obtained from the Grault here, proving the identity of the lower

part of the clay with the lower part of the clay in Harris's pit

(fig. 3, p. 7), and therefore including this section in the area sup-

posed to be inverted.

Fig. 6.

—

-JRe-excavated section in the western hanh of the old fit ^

100 yards north of Sandpit Cottages, September 6th, 1920.

Surface, about 350feet O.D.
S. N.

'itiy^^ Scale.

10 feet

-5

Thickness in feet.

Clay-slope, slipped and overgrown ; no section about 9

ZY
--—. Palish blue-grey Gault, perhaps slipped about 2
4
4. Dark greyish-blue and mottled platy Gault, with a few small brown- "^

coated phosphatic nodules :
' Belemnites minimus,' ' Inoceramus > ^i

concentricus,' and traces of other shells very poorly preserved : ) ^

passing down into

—

4 a. Gritty clay, with ferruginous streaks and scattered lydites, be- \ i f i

coming more plentiful downwards : ) "

passing into

—

3 b. Dirty loam and partly decomposed loamy greensand, sprinkled")

with bits of polished grit and lydite (up to i inch in diameter),
j

and containing worn fragments of iron-grit (up to 8 inches) and ^seen to 1^

rough gritty phosphatic nodules, externally grey, internal]}^ black
|

(up to 6 inches in diameter, but mostly smaller). J

Base obscure, but Coarse Sand (1) occurs lower in the bank.

The obscured south-eastern part of the above-described pit is

practically conterminous with the western end of the workings in

the big Nine Acre pit (see plan, fig. 2, p. 5). The west-and-east face

of the latter pit is rather more than 300 yards long; but the present

Avorkings are mainly at the eastern end, where the Sands rise nearlj-

to the surface. A good section is still, however, exposed in one

place near the western end (partly shown in fig. 7, p. 16) within
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50 yards of that last described. In the interval of 150 yards be-

tween the section of fis:. 7 and the beginning: of the main easterly

working, illustrated in fig. 8, the continuity and yariability of

the Basement beds are shown by small exposures which reveal

features similar to those illustrated by the two sections here given.

When I first examined the Nine Acre pit, in a more southerly

workino;-face, the cover of Gault had not set in ; but it bes^an to

be visible, along with the iron-grit breccia, at a few spots in 1906.

The sections now described are better than any previously seen.

The most significant features are the very uneven surface of the

lower Sands with evidence of sharp erosion around the bosses of

iron-grit, and the absence of the Silty beds (2 of figs. 3, 11, 14)
beneath the Basement beds of the Gault.

W.

Fig. 7.

—

Section of tlie xcestern end of Nine Acre ])it, Slienley,

Sejjfemher 8th, 1920. Surface, alout 350 feet O.D.

[Same explanation as fig. 8.]

Fence

E.

Top clay cut back and obscure:

' , r J J but clear section below working olatform.
V V' 3 5 \ ards omitted ^ •

Vertical and horizontal.

4 -^W^^^r-IQ^
3

Fig. 8.

—

Section at Nine Acre pit, Slienley, 150 yards east of
tlie last (fig. 7) : slioicing tlie western part of tlie main
icorking face, September 10th, 1920.

Surface, ahout 350 feet O.D.

W. E.

2 >ards

omitted

'-'
- ' -^ '\'x •^,' ,VA . . .- .\ / .^ 1,'/.^ 7.'[/\ ZYIlV^^-z

ZY

Vertical: Horizontal slightly reduced



part 1] GArLT ais^d lowek geeeis^saxd xeae leigiiton. 17

Thickness infeet.

Z. Clayey soil, with a few flints, etc., passing down into

—

1 to 2

ZY
^ Disturbed and weathered palish blue Gault, probably raostljO

4 ' creep,' with an occasional flint in the upper part : some 'race ' : >• 2 to 4
penetrated by tree-roots. J

4, Dark greyish-blue Gault, weathered, but showing bedding in the^
deeper sections, with a weathered ferruginous brownish band,

[

about 1 foot thick, in the upper part :
' Belemnites minimus ' ^ to 6

and obscure traces of shells : some brown-coated phosphatic '
j

nodules :
' race ' in places : passing down into

—

J

4 a (in hollows only). Dark gritty clay, with polished lydites, etc."^

(up to \ inch in diameter), becoming plentiful downwards : > to 2

passing into

—

}

3 b (in hollows only). Gritty green sand-loam, with mottled sand}'^

patches : contains a few rough grittj-^ phosphatic nodules, ex-
j

ternally gre}', and occasional worn slabs of iron-grit : patches of ^ to 2

calcareous induration : becomes mixed with ironstone-breccia
|

downwards. J

3. Ironstone-breccia and undulating tabular iron-pan, the ' pan,' an"^

inch or two thick, more or less continuous over the rises between
j

the hollows, but broken up into short lenticles and subangular
|

partly-worn fragments in the hollows, and set in a matrix of
J> i to f

ochreous loam with small patches of soft decomposed phos-
j

phatic limestone and with (in fig. 7 only) occasional rough
j

giitty phosphatic nodules. J

3a (in fig. 7). Dirty loamj^ greensand with concretionary induration,")

partly calcareous, partly phosphatic ; resting sharply with > about 1

an uneven base on

—

j

1. Sands, white, or onlj' slightly lemon-stained, under the hollow in

fig. 7, but elsewhere irregularly indurated at the top for a foot or

two into bosses or tabular masses of hard liver-coloured iron-grit

(1 x), sometimes a quartzite ; the sands around and below these

masses are usually stained brown, orange, or buff".

The Gault in these sections is not thick enough to show any
portion in an unweathered condition ; segregations of ' race ' are

present in it in places throughout, and tree-roots along the line of

the field-fence penetrate it, and sometimes reach into the underlying

breccia- series. The upper 3 or 4 feet is massive and structure-

less, with an occasional flint or other stone in it, but does not

present the aspect of a true boulder-clay, and is probably for the

greater part 'creep '-material from the adjacent slopes. Where the

Gault is shallow, it is affected by * creep ' to its base ; but in

the deeper sections stratification makes its appearance in the lower

part, and the lowest layers are charged with smooth bright grains

of grit and lydite, this gritty clay (4a) being comparatively thick

within the little basins, but thinning away on their slopes. The
underlying ferruginous breccia and its associated gritty greensand-

loams, variable in detail but well-characterized as a whole, have
partly filled the hollows of a ver}'- uneven sea-floor on which the

irregular ferricrete masses at the top of the Sands have formed up-
standing crags like that seen in the old Garside's pit (fig. 4, p. 11).

The scouring away of the unconsolidated material from among the

indurated tables has in some places left undercut gutters a foot

or two deep between the crags, like those commonly seen on any

Q. J. G. S. No. 309. c
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recent rock}'' shore or tidal reef in strata of unequal induration.

^

These features are illustrated in the following enlargement (fig. 9)

of part of the preceding section.

Fig. 9.

—

Enlarged section of ilie guttered iron-grit crags slioivn

in tlie 'Western 'part of Jig. 8, p. 16. \_Same explanation as

for tliatfigure?^

Scale: Vertical and Horizontal

12 3 4 5 feet

The soft calcareous patches, partly phosphatized, occurring at

intervals among the ironstone-breccia in the Nine Acre sections

are at the same horizon as the limestone-lenticles under Shenley

Hill, and, though more decomposed, are like the lumps which
occurred on the northern and southern skirts of the limestone-

masses in the former workings of Chance's and Garside's pits.

Traces of fossils were noticed in them in two or three cases, but in

too poor a state for recognition (except in one instance as casts of

brachiopods). If the pit should be pushed northwards under a

thicker cover of Gault, it is probable that the section will yield

better palseontological material at this horizon.

On the east, the Nine Acre workings reach the roadside near

Miletree Farm, beyond which, on the other side of the road, another

pit (' Miletree pit ') affords practically an eastern continuation of

the section, while a separate excavation ('Miletree Farm pit') is

worked northwards at right angles to this. I first saw and noted

these sections in 1909, and have a few particulars gleaned on later

visits. Work is still in progress in both pits, but large portions of

the former exposures are now obliterated. The most striking feature

is the reappearance of a thick wedge of the stratified Siltybeds (2)
above the Silver Sands in Miletree Farm pit (fig. 11, p. 20) and their

tailing out southwards at the entrance to the pit. This feature

has been described and figured diagrammatically by Dr. Kitchin

<fe Mr. Pringle {pp. cit. p. 57). The Silver Sands are unconsoli-

dated beneath these Silty beds, but become indurated into bosses

1 Examples might be cited of similar features at many other geological

horizons, but the closest parallel in age and structure is presented by certain

of the French ' Tourtias.' The Palffiozoic floor beneath the ' Tourtias' is in

some places guttered and scoured in almost exactly the same way as here :

see H. Parent, ' Sur TExistence du Gault entre les Ardennes & le Bas-
Boulonnais ' Ann. Soc. Geol. Nord, vol. xxi (1893) figs, on pp. 207 & 212.

See also i^p. 56-57 of the present paper.
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of iron-grit in their upper part just where the Silts thin out, under

tlie garden of Miletree Farm, so that the adjacent Miletree pit

(fig. 10) has a section showing eroded crags and hollows, like

Nine Acre pit.

W.

Fig. 10.— Part qf section at the northern end of Miletree pit,

Shenley ; September 13th, 1920. Surface, ahout oJ^O feet
O.D. ; witli a gentle slope south-eastwards.

E

Vertical Scale

1 feet
•"•

Hor'zontal reduced

ZY.

ZY.

4.

4 a

3.

Thickness infeet.

Soil, passing down into ' trail ' of stonj' dark clay, full of flints and
drift-stones, looped and pocketed among clay with few stones

:

passing downwards into—

Disturbed and rearranged pale-blue Gault, mostly' or wholl3' ")

' creep ' ; much slickensides ; 'race' abundant in some patches. )

Weathered ferruginous bro\ynish-blue Gault, with definite bed- ")

ding: some ' race.' )

Dark greyish-blue Gault, with rusty planes, tliickl}^ sprinkled"^

throughout with grit and lydites (up to ^ inch in diameter), but
j

most abundantl}^ towai'ds the base : also a few brown-coated Y
nodules (up to 2 inches in diameter), internall}' black and some-

j

times including grit grains : no fossils seen. J
Iron-grit breccia, pockety, and uneven at the top and bottom, "^

with a plentiful admixture of grit (up to 1 inch in diameter), {

polished fragments of ironstone, and a few pale-grey gritty f

phosphatic nodules ; not much tabular ' iron-pan.' J
3 a. Very gritty dirty sand and loam, with grit-pebbles up to 1^ inches

")

in diameter and a few pale gritty phosphatic nodules : in >

hollows and pockety ; uneven base. j
1, Coarse cross-bedded Sands indurated at the top on both sides of a

hollow into irregular bosses of iron-grit (Ix), quartzitic in places,

up to 2 or 3 feet thick: the Sands mostly white under the
hollow, but becoming stained lemon-, orange-, and coffee-coloured

in the neighbourhood of the iron-grit seen 12 to 15

The Sands rise to the surface on both sides beyond the section,

within 20 or 30 yards.

Other sections similar in the main to the above are (Septemberj

1920) less clearly exposed on the south side of the pit ; but at the

entrance into it from the road, the ferruginous sands and iron-grit

rise practically to the top (best seen in 1909), a continuance of

the conditions visible on the opposite side of the road in Nine Acre
pit. The Sands are also close to the top along the eastern side of

the pit, partly owing to the downslope of the ground.

c2

3 to 4

2 to 3

ItoU

ito

tol

up to 2
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s.s.w.

Fig. 11.

—

JSfortliern part of the section on tlie luest side of Mile-

tree Farm Pit, Shenley ; Sejytemher 10th Sf ISth, 1920
supplemented hy previous observations, April 1014.

Surface at the northern end, ahout 350 feet O.D.,

falling slightly southwards.
N.N.E.

ertical Seal? Horizontal reduced i

Z, Soil and wash

ZY
4

3 a

2.

y

J

1 to3

0to3

0to5

Til icTcn ess in feet.
at the northern end, clajej^ with a few stones,"^

ZY
passing down imperceptibly into -j^; at the southern end, more I

sandy, thicker, and containing some fragments from the iron-
j

stone-breccia. J
Disturbed and rearranged claj^ with an occasional flint or drift- "^

pebble,^ mostly ' trail ' or Gault-creep ; massive and slickened ; in (

places, passing down into 4 : in others, separated from 4 bj' a ^
sharp slicken-plane. )

4. Dark greyish-blue Gault, disturbed at the top; darker, and with"^

definite bedding below : weathered and full of ' race ' in places :
j

' Belemnites minimus,' no other identifiable fossils seen.
J>

4a. Clay with small grit-grains, and a crimson streak in places; 2 to
|

3 inches thick. J
(The Gault thickened eastwards, in a portion of the pit now

obscured.)

3. Iron-grit breccia, ochreous, lump}- and irregular, streaked and^
mixed with gritty greensand-loam ; soft pale calcareous con-
cretionarj'' patches with occasional traces of fossils ; undu-
lating and crinkled tabular 'iron-pan' at the top in places, an
inch or so thick, sometimes also ruiming among or under
breccia, wath smooth-worn surface under the Gault : sporadic
pale gritty phosphatic nodules among the greensand-loam.
' Janira quinquecostata ' was the only identifiable fossil obtained
(in greensand).

Mottled loamj'^ calcareous greensand-grit with small pebbles (up^
to 1 inch in diameter) and occasional gritty phosphatic nodules, >

in hollows of the uneven eroded floor of (2). )
The Silty beds : well stratified silts and loamy sands : maximum
thickness now visible as below ; but all have disappeared 45 yards
farther southwards, and the section is then as in Nine Acre pit.

#to2

Oto

1 In 1914 I found a 6 -inch boulder of pink granite among the stones from
the top of the section, a point worth mentioning on account of the rarity of

igneous rocks in the drift of the district.
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The Silty beds :

—

Thickness in feet.

^

^5

-3 ^ 12

^4

2 c. Banded silty greyisli-wliite sand, darker grey carbonaceous loam~

and streaks of siltj'- clay: the whole weathering buff and
loamj^ at the outcrop : some thin tabular claystone con-

cretions with ferruginous crust, up to 1 foot in length ; also a

few smaller sandy pyritous nodules, on definite bedding-planes.J

2b. Streak^^ gvey and buff loam and fine ash-coloured sand, witlO
impersistent green streaks and streaks of coarse washed sand
up to an inch or two thick ; some imperfect tabular ferruginous

concretions along la3^ers, and a few fine-sandy pyritous nodules,

decomposing : claye}'- streaks in the lower part.

2 a. Ashy-grej' carbonaceous silts, with clay-streaks and streaky fer-~

ruginous induration forming imperfect cakes of sandy iron-

stone; with a 2- to 3-inch band of interlaminated wet carbon-

aceous greyish-brown silt and greasy-feeling gre}' clay at the

base ; resting sharply and unconformably on

—

J J
Silver Sands, cross-bedded and coarse in the upper part, finer below : seen to 18.

Dr. Kitchin & Mr. Pringle mention the occurrence of ' a few
dark phospliatic nodules ' about halfway down in the stratified

Silty beds (2b of the above section), and on the strength of this

they regard part of the beds as ' of tardefitrcata-2u^Q ' {op. cit.

pp. 57-58). I made close search, both in this and in another section

(Double Arches pit, p. 24) in which the series is well-developed,

but failed to find in the Silty beds any phosphatic nodule of the

kind described. The gritty phospliatic nodules in the Miletree

Farm pit are confined, so far as I have seen, to the gritty green-

sand-loam and muddy grit associated with the ironstone-breccia

(3 & 3a). The point is of consequence in the general interpre-

tation of the sections (see p. 55). The Silts contain specks of

vegetable matter in plenty, but have as yet yielded to me no

identifiable fossil.

The sections of the pits above described, from Harris's pit on

the west to Miletree pit on the east, are combined in the reduced

section, fig. 13, p. 22, which is at right angles to the other reduced

section, fig. 12, on the same page. It misses the Silty beds on the

east side, and runs mainly along the belt of irregular iron-grit

crags, except at the western end, where the craggy belt swings

50 to 100 yards farther south.

Sections north-east and north-west of Shenley Hill.—
About half a mile north-east of the Shenley Hill j^its there is

another group of pits near some farm-buildings named ' The
Poplars' on the 6 -inch Ordnance map, where the road from Leighton
joins the cross-road from Heath to Watling Street (see fig. 1, p. 2),

the intervening tract being at present unbroken. One of these is an
extensive re-working of an old pit, now known as ' Double Arches,'

opposite the junction of the roads, and the other two are new
excavations a little farther eastwards. The more easterly of these,

which I shall call ' Poplars pit,' reveals the base of the Grault

(fig. 14, p. 23) ; the western part of ' Double Arches ' shows a good
section in the Silty beds over the Silver Sands, but has not reached

the Gault ; the middle pit, at a lower level in the shallow valley

which runs between the pits just named, is entirel}'' in Sands and
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valley-wash, and will not here receive further notice. Poplars pit

supplies the easternmost, and Double Arches pit the northernmost,
of the sections dealt with in this paper.

Fig. 14.

—

Section at the nortliern end of Poplars pit, 250 yards
east-north-east of The Poplars and 1000 yards nortli-east

of Miletree Farm ; September 27th, 1920.

Surface, on west side, 352 feet O.I)., xdth a gentle slope

south-soutli-eastwards.
W. E.

ZY.

ZY.

4

2.

1.

5 10 feet

about 3

Uto2

!> to 1^

Vertical Scaled Horizontal reduced h.

Thiclcness in feet.

Brown clayey- soil, containing a few flints and drift-stones,'

passing down into structureless clay, j)robably ' creep,' with an
occasional stone : passing down into

—

Disturbed and rearranged pale grey-blue Gault, mostly or wholly^
'creep,' blocky and joint\', with crumbl}' structure and no clear f

bedding: some strong fresh slicken-planes : more or less 'race' t

throughout, plentiful towards tbe base. J
This material cuts out the bedded Gault (4) at the west side

of the section.

4. Darker greyish-blue Gault, with platy structure and bedding,"^

somewhat disturbed : the uppermost 6 inches paler, with brown
rusty weathering and much ' race ' ; lower part, green-mottled in

places :
' Belemnites minimus ' and obscure traces of other fossils.

4 a. Basal layer of gritt}' Gault, 2 to 3 inches thick at the eastern end,

but thins on the rising slope westwards : sprinkled with small

pebbles, up to half an inch in diameter : red streak at the base

where resting on iron-pan.

3. Iron-grit breccia, ochreous ; with tabular liver-coloured iron-pan^

1 to Ig inches thick, uneven and wrinkled, fairlj' continuous at

the top and in irregular lenticles below ; associated with worn
lumps and slabs of ironstone, lenticles of pebbly glauconitic

loam, pale decomposed calcrete-patches with obscure traces of |>

fossils, etc., as in Nine Acre and Miletree pits. Upper surface

of iron-pan worn and abraded, with patches of pebbly glauconitic

grit in the hollows; and similar material, more coarseh^ pebbly,

(3 a) at the base of breccia in eroded hollows of underlying beds.^

A smooth polished cuboidal block of chert, 3 x 3 x 2 inches,

embedded in the glauconitic grit, was found at + , but no other
pebble more than an inch in diameter was seen.

Evenl3'-bedded streaky and mottled ashy-grey silts and silty'^

loams, with ferruginous streaks ; towards the western end, a f

1- to 2-inch streak of rather dark glauconitic sand : uneven sui'- T

faces of erosion both at the top and the bottom : resting sharply J
on

—

Silver sand, mostly white and of medium grain ; with some thin

tabular lenticles of imperfectly-developed concretionary iron-

stone, passing in places into hard liver-coloured stone : worked
A sump sunk to 10 feet below the floor of the pit shows similar,

but rather finer, sand with a few streaks, up to half an inch
thick, of fine greasy-textured grey clay, which are wrinkled and
twisted like the iron-pan in (3).

f to:2

1 to 2.V

10
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[PosTSCEiPi.— Later excavations revealed, during the summer
of 1921, a tapering lenticle o£ fossiliferous limestone of the Shenle}""

type, enwrapped above aiid below bv hard iron-pan, in the upper
jDart of the iron-grit breccia (3) at the southern corner of the

western face of the pit. The lenticle, at its maximum, was 3| feet

long and 7 inches thick, of which the inner 4 inches was pinkish

and iron-stained gritty limestone. The limestone was rendered

soft and crumbly by weathering, like most of the smaller patches

at Shenley, and the fossils were consequently in a poor state ; I

obtained the casts of several small Terebratnlse and Ehynchonellids,

a small Aviciila and portion of an Echinoid-spine—all forms
common at Shenle}'.]

Section at the north-western corner of Double Arches pit,

5 yards north-west of The Poplars; September 27t h, 1920.

Surface, about 360 feet O.D.. with a strong slope east-

wards at right angles to the section.
TJiicJoiess in feet.

Z. Soil, passing down into structureless sandy loam (downcreep and") ^

wash) with an occasional Hint or otber stone in the upper part. )

2. The Silty beds :
—

c. Interstratilied dull dark-green and brownish loams, evenly"^ ")

bedded as a whole, but the individual layers wispy, wavy, and
|

inconstant : streaked with imperfect ferruginous concretions l 3 j. -i

in thin tables along clayey bedding-planes, running in places f
*

into tabular clay-ironstone lenticles, best developed along the
j

base and in the upper part of (b). J .

b. Fine-grained ver\' dark-green streaky loamy sand, traversed*^
j

b}' faint tubular markings ; a thin sprinkling of coarse
|

'

polished grit in the lower part, with rare particles up to f inch \ , , ^
in diameter; a few wide-spaced hollow ironstone nodules more

[

or less globular, in the lower part ; and an impersistent band
|

of tabular flaky ironstone at the base. J
a. Euff-coloured and rusty ferruginous loams; streaked with"\

brown and gre\- unctuous silt and clay, which predominate ( „| . i. q
towards the base, and throw out water : base uneven, with C

small and lar^e undulations. J J
1. Rather coarse Silver Sands, with rusty buff and coffee-coloured

streaking and staining at the top and towards the base about 20
Finer-grained sands of lower grade proved below.

The full thickness of the Silty beds (2) has not yet been reached

in the Double Arches pit, and may prove to be as great as at

Miletree Farm (fig. 11, p. 20). Their quick reduction to less than
2 feet in the neighbouring PoiDlars Pit shows that here again, as in

the Shenley group of sections, they have a Avedge-like outline, which
suggests that they fill hollows, partly original and partly of erosion,

among the cross-bedded sand-banks of the coarse clean Silver

Sands. They have, however, also been pared down, along with the

coarse sands, at the close of Lower Cretaceous times. I saw no
fossils, except small carbonaceous fragments, in these beds, and
no phospliatic nodules. The section in the Silty beds is continued

southwards, showing minor variation only, for over 100 yards ; also

at right angles, eastwards from the northern end, for 20 or 30
yards, until cut out by the slope of the little valley ; but in other

parts of the pit, the Silver Sands reach to the top.

Y'o



part 1] aATJLT and lower geeensand n"ear leighton. i2-j

Poplars pit provides a useful indication of the persistence of the

peculiar Shenley conditions at the base of the Glault in a north-

easterly direction, and Claridge's pit, next to be described, shows
that they extended northwards also. The Gault at present exposed

in Poplars pit is too shallow and weathered to afford palseonto-

logical data ; but its lithological characters agree with those of the

beds in the same position at Nine Acre (figs. 7 & 8, p. 16) and Mile-

tree (tigs. 10 & 11, pp. 19 & 20). The iron-grit breccia, with its

associated gritty glauconitic stuff, is also similar in all its essentials,

and the patch of fossiliferous limestone links the breccia be^^ond

question with that of Shenley Hill. The isolated chunk of chert,

which I dug out of the gritty loam infilling a hollow immediately

below the breccia, is rudely cuboidal, with well-rounded angles, and
possesses all over a peculiarly smooth glossy greenish surface, with

perfectly fresh, dove-grey, translucent rock under it. The only

other pit in which I have found extraneous stones so large as this

is at Chamberlain Barn, below the ' Mammillatus beds' (p. 31).

Small bits of similar chert occur among the ' lydites ' of the

Sands ; and the rock is almost certainly the same as that found
rather plentifully in the gravelly Lower Grreensand at Potton and
other places. 1

West of Double Arches pit, the ground rises steadily for

about 100 feet to a broad ridge which is due to a thick sheet of

Glacial drift, and contracts southwards, terminating as a spur in

Shenley Hill. The drift-sheet has been deeply trenched on both

sides by Late-Glacial erosion, and the ground falls westwards from
the ridge towards the valley of the Ouzel. On the west side most
of the pits have been opened on the lower slopes, where the Sands
are at the surface ; but in two or three cases they have been worked
back into the covering deposits, and these only will be described.

The northernmost is Claridge's pit, a big working a quarter of a

mile east of the high road between the villages of Heath and
Keach, and nearly a mile due west of Double Arches.

Claridge's pit (fig. 15, p. 26) has broken into a sharp spur of

upland drift, and shows a thick and varied capping of Glacial

deposits which come down onto the Silver Sands in the northern

part of the section, but admit the feather-edge of the Gault, along

with its basement-beds, in the southern part, which alone is figured.

This is at present the best section exposed in the plateau-drifts of

the district ; but there is an old much-overgrown pit 500 yards

farther north (just beyond the edge of the sketch-map, fig. 1, p. 2)
which appears to have revealed a similar thickness and sequence of

boulder-clays, with the addition of coarse morainic gravel at the

base. In the pits on lower ground, the drift, having been eroded,

is usually scanty or absent, or is of the redeposited gravelly type

^ W. Keeping-, ' On the Included Pebbles of the Upper Neocomian Sands
'

Geol. Mag-. 1880, pp. 414-22 ; in which it is suggested that chert of this kind

has been derived from Carboniferous strata.
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and more or less influenced by ' creep ' and ' trail ' movements.
The Glacial deposits present many featm-es of interest, Avliich,

however, will be mentioned without discussion, as being beside our
present purpose.

N,

Fig. 15.

—

(Section at tlie southern end of tlie excavated ])l.atform

alove Claridge's 2^it ; SejJtemher 27tJi, 1920. Snrface, at

tlie northern end, ahout JflO feet O.D., rising a few feet
higher northwards andfalling sharply soiithivards.

S.

z.

Yc.

Yb..

^1 ,•

'- V.A

/? ^ '1

-±^ -\r^y\X^^^^^J\J^^~^^^^'-^^^.J2

Vertical Scale. Horizontal slight!) reduced

Z. Claj'ej' soil and subsoil, witli flints, etc.

:

f c. Pale gvej'ish Chalky Bouldev Cla.\

Y^

hill-wash

; massive and blue-"^

jointed : boulders, mainly clialk and large flints, with many (

Jurassic rocks, including fossiliferous limestones, sandy C

limestones, claystones, etc., often well-glaciated. J
b. Chalky gravel and sand streaked with loam : fairl^^ wellO

bedded, with some cross-bedding : pebbles, mainly chalk >

and mostly small, avd'aging about 1 inch in diameter. j

j
a. Dark sandy greenish Boulder Clay, massive and jointed :"^

I with fewer and smaller stones than in Yc , mostly flint
|

I chips and glaciated bits of chalk ; occasionallj^ a boulder; }

I
the matrix appears to include much loamj' Lower Green

1^ sand material : rests with a sharp junction on Gault clay

ThicJiness in feet.

4 to 2

^.<

to 10

0to4

to4

1''Palish grey-blue Gault claj', showing a crumbly crushed^
structure, but some traces of bedding : some smooth brown-

|

coated phosphatic nodules, black internally (up to 3 inches ^2
in diameter): much 'race' in the iipper part, and some

|

throughout

:

J
passing down into

—

Darker Gault clay; brovi'nish ferruginous weathering in Ihe"^

upper part ; and Avith a gritty admixture in the lowest 2 or
|

I

3 inches (4a) : structure more or less disintegrated, with a )>3 to 4 i

little 'race' to the bottom in places; but fairly definite
| |

bedding. J J
l^ iSTo fosiils seen in the Gault.

to 6
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ThicJcness in feet.
3. Ivon-gi'it breccia, ochreous and gvifct}'; with irregular wrinkled"^

cakes of iron -pan, abraded at the top ; worn ironstone slabs
|

and fragments, mingled with mottled gritty glauconitic loam; )- f to 2

and soft pale calcareous patches with small pebbles : cuts
j

down in irregular hollows and pockets into the underh'ingbeds.J

2. The Silty beds : ashy-grey silt and loam with clay-streaks, ">

i f q
and tabular ferruginous concretions towards the base. )

1. Silver Sands, cross-bedded: about 30 feet seen.

Leaving the Glacial Drift out of account, the sequence above the

Silver Sands in this section is the same as that of Poplai-s pit, and
has the same correspondence with the Miletree and Nine Acre
sections. The crushed aspect of the Gault may be due to Glacial

agenc}^, but is at least as likely to be a later effect of hill-drag-

upon the heavily-loaded soft clays when their margin was exposed

through the post- Glacial erosion of the adjacent valley. The
presence of ' race,' indicative of deep weathering, is, as usual,

accompanied b}" an absence of fossils in the Gault clay.

Heath House pit.—The next section southward requires full

notice, because it figures prominently^ in the recent argument
of Dr. Kitchin & Mr. Pringle, who refer to it as 'No. 9 Pit.'

It is an obscure exposure in an old pit, formerly known as

Heath House or Bushell's pit, abandoned nearly 30 years ago, in

the small plantation 250 3'ards east of Heath House, and half

a mile due south of Claridge's pit. At this place the Sands
have been worked Avestwards beneath rising ground with a thick

cover of Gault. Most of the section is hidden, and the pit partly

filled, by claj^-slips which now form grassy slopes ; but the base of

the Gault is still accessible in two or three spots on the south and
east sides of the excavation, and the slipped ground itself affords

some information.

This is evidentl}^ the section ' on the southern slope of . . . Heath
Hill ' examined by Jukes-Browne in or about the year 1884, whose
account of what he saw in the pit and in an adjacent brickyard is

as follows 1 :

—

. . . .
' the base of the Gault is shown in a sand:pit, where 14 feet of dark-grey

clay with small patches of bright-red clay at the base rest directly on yellow

sand with a well-marked plane of division. This occurrence of red clay is

significant in connection with the age and origin of the red marl and red chalk

of Norfolk. Close by this pit is a brickyard w^hich shows about 10 feet of

bluish-grey clay with a seam of phosphatic nodules in the middle. This
nodule bed appears to be a continuation of . . . [one seen at Bucklancl near
Aylesbury

I

. . . for it contains a similar mixture of Lower and Upper Gault
species. The following is a list of the species found by myself :— [list of 24

species, here condensed :—Ammonites :—beudanti, cristatus, interruptns,

lautus, ochetonotu.s, rostratus, splendens, varicosus ; Hamites intermedius ;

Belemnites minimus & var. attenuatus ; Dentalium decussatum .... Ostrea
vesicularis .... Inoceramus concentricus & sulcatus .... Nucula pectinata

;

Plicatula pectinoides, etc.].'

In referring to this account in our previous paper, I erroneously

supposed that the brickyard was an old one still visible on tlie

1 ' The Ganlt & Upper Groensand " Mem. Geol. Surv. 1900, p. 285.
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roadside between Leighton and Shenley Hill (see fig. 1, p. 2), as I

could find no other in the neighbourhood ' north of Leighton,' and
no other was marked on my 6-inch Ordnance map. But recently,

on looking up an earlier edition of the same map (Sheet, Beds.

2SN.E.), I notice that a 'clay^jit and brickyard,' of wdiich there

is now little or no trace, is shown just outside the fence enclosing

the Heath House sandpit on the south, extending westwards from
it. Jukes-Browne's description fits these circumstances exactly,

and what I wrongly presumed to be a rather vague localization

is thus made quite clear.

Some 3"ears later (1897) the pit w^as visited by the Geologists'

Association, when already in disuse, but with better exposures than

now, and a short account of it was given by A. C. G. Cameron in

his report on the excursion.

^

This was supplemented by some valuable notes by Dr. A. M.
Davies in his paper on ' The Base of the Gault in Eastern England,' ^

as follows :

—

' As I imderstand that the pit will soon be closed over, it may be well to

give a full list of fossils from it. These were in part collected by my wife on
the visit of the Geologists' Association, partly by myself on a later occasion.

All except the belemnites are phosphatized. [List] Hoplites interrwptusj^

H. tuherculatus, H. lautus (?) (a worn fragment), ScMcenhachia inflata,

Belemnites inhii^nus (abundant), Solarium, De7itali^im, Inoceramas concen-

fricus, I. svlcatus ; fish-scales ; fish-coprolites.'
' The mixture of Upper and Lower Gault fossils is striking, but has been

already noted for this district by Mr. Jukes-Browne {_ref. "Handbook of

Historical Geology, p. 412 "]....! should, however, add that some thickness

of Gault is exposed at Heath (at least 15 feet, speaking from memory), and
that owing to the large extent of slip no fossils could be obtained actually in

place, so that some may have come from a higher zone than others.'

In their account of the section. Dr. Kitchin & Mr. Pringle {op.

cif. p. 60) regard the whole of the clay as Upper Gault, and claim

that the sequence here proves the inversion of the Gault of Harris's

pit. But a comparison of the two sections, in the light of the

information now brought together, will show that they agree in

all essential particulars, except in the absence here of the Silty

beds (2). Some of the nodules which I found on the upper slopes

of the Heath House pit are ' compoimd ' phosphates similar to the

nodules in 5 a at Shenley and including the same fossils, and are

probably from the same nodule-bed as that of the adjacent brick-

3^ard described by Jukes-Browne, as quoted above.

^ Proc. Geol. Assoc, vol. xv (1897) p. 184.
2 Geol. Mag. 1899, pp. 160-61.
•^ Dr. A. M. Davies informs me that these determinations of the ammonites

stand in need of correction. The naming of H. tuherculatus has been con-

firmed, but the supposed H. interruphis is probably an Anahoplites of the
' splendens ' group, and the lautus ? is an indeterminable specimen,

I am indebted to Dr, Davies for the loan of the specimens ; several are in

the state of ' compound ' phosphatic nodules, exactly like those of the nodule-

bed near the top of Harris's i^it, Shenley Hill (see p. 9).
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The following observations, compiled from a sketch-section in

my note-book, represent the present condition of the pit.

Western side of Heath House pit; October 12tli, 1920.

Surface, at the highest part, 400 feet 0. D.

In top breakaway ;—
ZY
-—. Pale-grey weathered Gault clay : little or no drift 2 to 4 feet seen

.

4
n s ' p e s :

—

5. Slips of pale-grey Gault : thickness, displaced, or not seen about 8 feet.

Pale hard nodules weathered out, and hard fragments of

keeled ammonites: 'Ammonites rostratus,' 'Inoceramus
sulcatus,' 'Dentaliuni,' etc.: aho on the lower slope,

'Ammonites cf. splendens' : probably mostly from the upper
part of the section.

Section at the northern end of the pit in a trench cut for
the Geological Survey; March 30th, 1920.

All the beds may be slightly slipped here.

Clay, with ' Inoceramus sulcatus ' (absent in beds below).

4. Darkish bine Gault, with 'Inoceramus concentricus' and allies:

crushed imperfect ammonites : 'Eelemnites minimus '
: seen 4to5fcet.

Exposed in a steep bank above a low crag of ironstone and
ferruginous Sand at the southern end of the pit.

4. Dark greyish weathered Gault, with a few small smooth brown-
coated nodules : traces of pyrites : some ' race ' : may be
slightly displaced by slip 2 to 3 feet seen.

3. Iron-grit breccia, poorly exposed; ochreous; with tabular pan
1 to 2 inches thick and worn iron-grit fragments about 1| feet.

1. Ferruginous coarse cross-bedded Sand ; indurated at the top
into massive iron-grit, forming a flat-topped crag seen 5 to 6 ft et.

Chamberlain Barn pit.—Rather over half a mile south of

the last-mentioned pit, an instructive section has been lately

exposed in the eastward extension of Chamberlain Barn pit, a big

working on the northern outskirts of Leighton Buzzard, which has

been gradually pushed back towards the western foot of Shenley

Hill, and is now in places within 1000 yards of the nearest

Shenley pit (see fig. 1, p. 2). All the western part of the pit was
entirely in sand, but indications that the base of the Gault was
not far distant on the east were observed in 1912, and the junction

is now visible in the working-face for over 200 yards, while a still

better section (fig. 16, p. 30) has been exposed in a cutting for a

light railway leading into the pit from the eastern side. The
section is of particular consequence, in proving the relation of

the iron-grit breccia and the associated fossiliferous limestone

of the Shenley sections with the fossiliferous beds of the zone

of Ammonites mammillatus, previously recognized in certain pits

south of Leio'hton.
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Fig. 16.

—

Section on tlie north-west side of tlie tramway-cuttincj

into Chamherlain Barn ;pit, Leigliton Buzzard; Octoher

Utli, 1920. Surface, alout 315 feet O.B.
W.N.W. _ E.S.E.

!

-"

J z.

... ... .
. ^:=^._^^r— -.^r— '*^-

Scale: Vertical

Horizontal reduced i

1 to2

to

ThicTcness in feet.

Z. Soil, rather sand}', with a few flints, drift - pebbles, and
weathered gritt\' nodules about 1

la. Weathered brownish claj', with grit and cracked phosphatic"^

nodules: some 'race,' but not abundant; no bedding in the (

upper part ; streaks of bl\;e clay and grittj' claj' towards t

the base, with nodules, less gritt\' than those below. J
3 b. (v) Gritt}' brown unstratified loam, with polished grit and"^

l3-dites (up to 1 inch in diameter), some lumj)s of conglo-

merate, and gritty grej'-coated fossiliferous phosphatic
nodules, black internally 6 inches

(iv) Bluish grittv clav, with similar nodules 4 inches
[ o f j,

(iii) Gritty loam", as above 3 inches ^ 6 to 4>

(ii) Bluish gritty clay, as above 2 inches

(i) Gritty loam, as above, with lumps of conglomerate and
gritt}' phosphatic nodules, the latter less plenliful than
in the top loam (v) 24 inchesJ

3. Bubbly iron-grit breccia ; with ironstone in worn slabs,~]

fragments, and flakes up to 15 inches long; some worn
}

hematitic ' boxstones,' hollow inside or containing a little

coarse sand; worn lumps of pebble-conglomerate: a few [

grittj^ phosphatic nodules ; and rare quartzite and other
j

pebbles (up to 4 inches in diameter.)

Base uneven and pockety, with some patches of gritty loam '

(3 a) in hollows below the breccia. J
1. Cross-bedded Sands ; with reefs of cross-bedded iron-grit and~^

crimson-coated hematitic boxstones, some lined internally

with quartz-crystals. At the top, immediately' under the
breccia, a band (lb) of concretions of irregular shapes, [> 8 +
sandy externally, but often having hard horny pale-grej' or

mottled pinkish phosphatic cores, as at Groveburv (p. 33); |

no fossils found in these, except sponge-like markings. J

The fossils from the phosphatic nodules in 3 b include ' Ammon-
ites mammillatus,' • regularis ' (the most abundant), ' tardefur-

catus,' the small form called ' beudanti,' and others ; many
brachiopods, lamellibranchs and gasteropods ; a few echinoderms

;

some lobster- like crustaceans, etc. (p. 50).

These well-characterized fossiliferous nodules occur through all

the beds exposed above the iron-grit breccia, as well as, more rarely,

in the breccia itself. They are widely-spaced and never clustered,

but display a slight tendency towards a linear arrangement ; and
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their grittiness appears to vary with the grittiness of their

enveloping matrix, those in the more clayey upper layers being o£

smoother texture than those below. 'J.lie fossils are mostly in

the form of casts, and are only present in recognizable shape in a

small percentage of the nodules, though few are without some
indication, more or less obscure, of former organic structure. It

is possible that prolonged investigation might reveal some difference

in the contained fossils from different levels, but only a few nodules

are available at a time ; most of my specimens of ' Ammonites
beudanti' were found in the upper part of 3b, and of 'Ammonites
regularis ' in the middle part, but the numbers obtained are too

small to Avarrant a positive statement.

The breccia is more heterogeneous than the corresponding band

in the Shenley Hill group of pits, and is less calcareous. Exclusive

of those of iron-grit, it contains more large pebbles ; among those

Avhich I collected are—one of veined felspathic grit (?), 3|x3x2
inches ; two of quartzite, respectively 2| X 1^ X linch and 1| x 1|
X 1 inch ; and another of hard flaggy sandstone of similar dimen-

sions. Besides these pebbles, I noticed several worn subangular

lumps of hard conglomerate ^ up to 6 or 8 inches in diameter,

composed of smooth pea- or bean-sized pebbles, mostly quartz, set

in a dense pale-buff or pinkish calcareous or phosphatic cement,

evidently derived from the breaking-up of a local cake or lenticle

of winnowed Lower G-reensand pebbles which had become bound
in a limy paste. A few smaller lumps of the same conglomerate

were also found in the clayey grits above the breccia. Some frag-

ments of the same rock occur in the breccia at the Miletree pit

(fig. 10, p. 19).

In the present (1920) working-face of the pit south of the

tramway section, the rise of the Sands soon cuts out the overlying

beds, leaving only a few nodules and hard fragments in the top-

soil as a trace ; but northwards the section continues, as in fig. 16,

nearly to the end of the pit, at the fence adjacent to Leighton
Farm. On reaching a shallow depression of the ground near the

fence, the gritty clays are truncated by a wash of loamy drift

with flints, etc., which has accumulated to a depth of 6 or 8 feet

in a hollow, cut down into the Sands since Grlacial times.

The G-rovebury pits.—Other pits showing the fossiliferous

Mammillatus beds, but without the ironstone-breccia, lie along the
southern or Grove bury outskirts of Leighton Buzzard, adjacent to

the Dunstable Branch of the London & North-Western Railwav.
These sections are a mile and a half south of Chamberlain Barn
pit and 2 miles south-south-east of the Shenley Hill workings
(see map, fig. 1, p. 2). Some small pits in the intervening tract,

now abandoned, have shown only the Leighton Sands and gravelly

^ At a casual glance the conglomerate looks not unlike some varieties of
the ' Hertfordshire Puddingstone,' but is differentiated from it sharply by the
absence of flint-pebbles and by the character of the matrix.
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drift. A clismaDtlecl brickyard on the Stanbridge Eoad, near the

Leighton AVaterworks, was worked in the lower part of the Gault,

and may at one time have revealed the junction, but showed no
section when I examined it in 1912. The Avell-boring at the

AVaterworks, 150 yards farther east, is recorded^ to have passed

through:—Gravel, 10 feet; Blue Clay, 32| feet; Dead Sand, 9^ feet;

Blowing Eed Sand & pebbles, 3| feet—continuing in the Lower
Green sand to a depth of 111: feet.

The range of workings at Grovebury, under different proprietors,

extends east and west for over half a mile, and usually disj^lays in

one part or another magnificent exposm-es of the cross-bedded

Leighton Sands. Though similar in general structure and size of

grain, the sands of these sections differ from the Silver Sands north

of Leighton in colour and mineralogical character, not having the

same high silica value, and therefore not being adapted for the

purposes requiring that quality. Many of their well-rounded

highly-polished grains are coffee-coloured, or rusty, or nearly

black,- and these are often arranged in streaks which bring out

the current-bedding beautifully. They are also frequently mottled

with tubular ' worm-markings," accentuated in the same way by
the assortment of coloured grains ; and some curious V-shaped

structures in the mass are similarlj^ outlined. The difference

appears to be original, though it may possibly be due to some
process of bleaching and ferric segregation in the Silver-Sand area,

as suggested by Prof. P. G. H. Boswell.'^ It is noteworthy in this

connexion that the development of hard iron-grit masses and iron-

pan is rarely seen, except among the Silver Sands.

Owing to the low level of the Grovebury pits, the saturation-

limit or water-table of the Ouzel valley is reached in all the deeper

excaA'ations. This has led to the adoption of a method of quarrying

the Sands by steam-dredgers or diggers afloat on the pool formed
in the floor of the pit, the sands being thus extracted to 20 feet or

more below water-level.

It was mentioned in our paper of 1903 (o/y. cit. p. 239) that the

junction of the Sands with the Gault had been nearly reached in

the Grovebury pits ; and the anticipation was realized in 1904,

when I found that the Spinney pit (see map, fig. 1, p. 2), at that

time the easternmost of the range—now worked out and filled with

a deep water-pool, showed the following section :

—

1 '"Water Supply of Bedfordshire & XortliamptorLsliire ' Mem. Gaol. Sta-v.

1909, p. 54.

- I am indebted to Sir Jethro Teall for the folloTring note on these coloured

gTains :
—

' The glossy brown grains . . . are bro"UTL throughout, and Tvhen

boiled in hydrochloric acid become nearly white. They are not reduced in

?ize, and after treatment appear to consist of chalcedonic silica. The solution

contains much ferric oxide " {in lift.. August 14th. 1920).
'^ ' On British Eesoui'ces of Sands suitable for Glass-making, &c.' London.

1916, p. 66.
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S.W.

Section at the s o u t li - w e s t e r n comer of S p i n n e }' pit,

Grovebury; August 13th, 190i. Surface, 300 feet O.D.

ZY
4
4.

about 2

about 3

y about 3

to 1

Thickness infeet.
Top soil, clayey, with flint and quavtzite-pebbles, merging") ,

down into

—

)

Disturbed and rearranged Gault cla}^ with an occasional 7

pebble. )

Stiff blue Gault, somewhat disturbed, with a few pale-coated

phospbatic nodules, dark internally, mostly of tubular
shape

;
passing down into

—

3b. Rust}^ and greenish glauconitic loam streaked with sai:d3'and"^

clayej'- layers ; sprinkled with polished quartz-grains,

lydites, and hard flaky bits of ironstone, abundantly towards
tbe base; scattered phospbatic nodules, rather plentiful,

becoming a fairl}^ continuous band in the lower part, and
there very grittj^ and lydite-shot ; also, near the base, an
occasional iron-crusted boxstone with the outside polished

and worn. One of the phosijhatic nodules, close to the
base, held an imperfect cast of a large smooth sharp-keeled
discoid ammonite; another, traces of a crustacean. J

? 3a Rusty coarse sand, with large calcareous concretions, a few'^

ov bits of ironstone, and traces of ferruginous boxstones
; f

lb. forms the top of the Sands, but lies parallel to the beds X

above, and across the current-bedding below^ J
1. Coarse sharp Sand, rich coft'ee-coloured at the top, but grey

below, with dark chocolate-coloured streaks bringing out
magnificent cross-bedding and other structures.

Similar sections were seen in 1906 and 1908 in the more easterly

working of the pit; but the cover of Grault was then thinner, and
no new features were observed. A year or two later the grittj?"

phospbatic nodules began to show in fair numbers, in the detrital

top-soil of the next pit on the west (' Eailway ' or ' Eirbank's '),

along a straight working-face of nearly 200 yards ; and by 1912
this section shoAved a foot or two of weathered gritty clay con-

taining nodules of the same kind, beneath the soil. By repeated

search I collected from the nodules a fair number of fossils in the

form of casts ; but they were fewer here than in the sections

exposed later in Pratt's pit (p. 35) and Chamberlain Barn pit

(p. 30). The working-face has since been cut back for another
50 3^ards or so, and showed in 1920 the subjoined section (fig. 17)
in a bay at the south-eastern end, where the Gault is thickest.

Fig. 17.— Section of tlie soutli-eastern corner of ^ Haihvay ' pit

adjacent to Grovehury JBriclcworlcs (adjoining the nortli-

ivestern corner of old Spinney ]?it) ; Septeonher 29th, 1920.

Surface, 300 feet O.D.
N.E.

Z—-T - o ^.

o \.* -

o — -

10 15 feet

Scale' Vertical and Horizontal

Q. J. a. S. No. 309. D
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Thicl-ness in feet.

Z. Dark clayey soil with flints, etc., passing down into

—

1 to 2
ZY. Weathered and rearranged palish-gi'ey Ganlt clay, mostly 7 i t ^
4 ' creep.' with crumbly structure : penetrated by roots. 3

4. I
Dark Gault, somewhat disturbed, with rusty weathering;"^

•4 a. 5 detinite bedding in the lower part : small grit-srains and
[

pale-coated phosphatic nodules mostly of tubular shape, Y about 2
both becoming larger and more abundant downwards

:

passing down into

—

3 b. Dirty, rather rusty, gritty loam streaked with very gritty dark''

clay in the upper part : small pebbles, up to 1 inch in

diameter : gritty phosphatic nodules of irregular shapes

(pale-coated, dark inside) occur all thi'ough ; also an occa-
f>

about 1^
sional worn fragment of iron-grit, and some streaks of

crimson and liver-coloured concrerionary iron-pan up to
|

^ inch thick. The gritty nodules are sparingly fossil iferous.

J

rib Discontinuous baud of large calcareous concretions, sandy^
or outside, but often having a dense phosphatic core, usually

|

3a. pale buff or pinkish, but occasionally nearly black : invested Y a^ to 1
by a few inches of rusty (r rewashedj sand, lying across,

j

and cutting iiTegular hollows in, the cross-bedded Sands. J
1. Coarse sharp Leighton Sands with cross-bedded structure, etc.

as described above (p. 32) seen about 20.

At the north-eastern end o£ the section figured the worldng-
face bends at right angles, and continues north-westwards for over

100 Yards, sho^ving the same capping beds, but more weathered,

and diminished in the upper part by the slope of the ground.

Groveburv Brickyard.—In the next field on the west,

within a few yards of the south-western end of the last section,

and divided fi'om it only by a fence, a small brickyard has been
worked intermittently in the Gault clay dui'ing the last 20 years,

and has yielded some useful information as to the upward succession.

Work has been resumed here recently lautumn of 1920), but the

-sections are at present poor. They were better, however, in 1909
and 1912, and the following particulars are based mainly on my
notes of those years, and on small collections made then and
subsequently.

Sections in Grovebury Brickyard; April 1912 & Sep t ember 1920.

Surface, 300 to 305 feet CD.
Thickness in feet.

C. In a shallow pit between the sheds and the
eastern fence: 1920:

—

Pale weathered greyish crumbly Gault clay up to -4

on darker blue platy clay, with small smooth brown-coated
phosphatic nodules ; seen in trenches only.

' Ammonites rostratus ' and " Inoceramus salcatus ' obtained on
a clay-heap from this digging.

B. In a pit, now water filled, south of C: 1912:

—

Band of palish b!ue clay containing small brown-black phos-^
phatic nodules with fossils : 'Ammonites auritus," 'splendens/

|

etc. I see list, p. 52). )- seen about 3
Dark-blue platy clay with crushed and indeterminable fossils

j

only. J
A. In a sump in a deeper dry pit north of C,

close to the eastern fence; 1912:

—

Gault clay, slipped and ob>cure (includinir part of B) about 10
Gritty clay, w^th giitty phosphatic nodules ") (same as in the

Sand, with big sandy nodules in a band at the top ) Sandpit, fig. 17).
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The total thickness of the beds above the Sands at this place,

allowing for the dip, may be 17 or 18 feet. The clay-pits are

practically on the crest of a low rise, the ground falling slightly

to the south and east, and rather sharply to the west and north

towards the Ouzel and a tributary valley. There is no higher

ground near, therefore we may assume that the top clay, although

weathered and disarranged, is probably not far from its original

position. The presence of the keeled ammonites and of the

associated sulcated Inoceramus indicates the incoming of the

Upper Grault at the top of the section, and leaves a thickness for

the Lower Grault of approximately the same order as at Shenley

Hill (fig. 3, p. 7) and Heath House (p. 29).

Several big sand-pits are being, or have been, worked west of

Orovebury, on the slopes of the Ouzel valley, and two of these are

near the top of the Sands ; but none has yet reached Gault in

place, and the sections, therefore, will not here be particularized.

They have revealed good exposures of gravelly drift and contorted
* trail,' with Boulder Clay in places, ^ directly overlying the Sands.

The drifts deserve further study, and I hope to continue the

investigation of them.
In the opposite or eastward direction the main Grrovebury

sections terminate at the high road running south-eastwards from.

Leighton ; but I found in 1912 that new ground had been broken
on the farther or east side of the road, immediately north of the

railway at ' Billington Crossing.' The section, known as Pratt's

pit, was similar to that of the Spinney pit (p. 33), but afforded a

better opportunity for obtaining fossils from the gritty phosphatic

nodules. The pit was visited in 1915 by members of the Greologists'

Association under my guidance, and the first example of ' Ammo-
nites mammillatus ' to be obtained from the bed was found on this

occasion. The section at the eastern end of the pit, where the

Oault was thickest, was figured and described in my report of

the excursion (^op. cit. p. 311). The text of the description is

reproduced below (repetition of the figure being unnecessary).

This part of the pit has since been worked out and filled in, and
the present workings have reached northwards beyond the feather-

edge of the Grault, but under an increasing cover of gravelly

drift.

^Section at the eastern end of Pratt's pit, Billington Crossing,
Leighton Buzzard; 1912-1915.

Thickness infeet.
Z. Clayey soil, with a few stones 1—

2

Y. Pockets of drift-gravel, consisting mainly of flint and quartzite-

pebbles 0—0|^

2^- Tough dark-blue unfossiliferous Gault clay, weatliering brownish
4 and with streaks of ' race ' in the upper part ; becoming gritty

and including a few phosphatic nodules in the lower part (4a) : 2—

3

passing down into

—

^ For some notes on one of these sections, see Proc. Geol. Assoc, vol. xxvi

(1915) p. 312. The position of another is shown in the sketch-map (fig. 1,

p. 2) which falls, however, short of the other sites.

d2
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Thickness in feet^
3b. The fossilifevous bed : gritty clay with small polished pebbles (up

to \ inch in diameter), and streaked with gritty loam and rusty

weathered glauconite ; small nodules (up to 6 inches in diameter)

of dark gritty phosphate are scattered rather plentifully through
the band, although with a few ferruginous nodules and worn
fragments of ironstone 2—

3

Nos. 3 and 4 become thicker towards the south.

1. Coarse current-bedded greyish sand, with many dark coffee-

coloured grains in streaks ; some indurated calcareous lumps (up

to 1 foot in diameter) occur (lb) immediately below the sharp
junction with 3b seen to about 20

Among the ammonites wliich I obtained from the nodules ii>

this section, Dr. F. L. Kitchin identified LeymerieUa regularis-

(Bruguiere) and L. tardefiircata (d'Orbigny).

A further exposure of the same beds was open for a short time
recently in ' Webster's pit,' on the east side of the road, 200 3'ards.

south of the railway-crossing, on the site marked ' Brick Works

'

in the G-inch Ordnance map. The section corresponded to that

seen in tlie adjacent Spinney pit ; it was partly obscured when I

visited it early in 1920, and has since been all hut obliterated. It

was, however, seen clearly in Ma}^ 1919 by Dr. Kitchin &
Mr. Pringle, from whose published account (Geol. Mag. 1920^

p. 52) the following details are taken :

—

Section in Webster's pit,' May 1919 [fide Kitchin & Pringle].
Surface, 290 feet CD.

Feet, inches..

(Z) 'Soil' 1

(4) ' Greenish-giey stiff lumpy clay wilh a iew smooth-skinned
nodules. Numerous fragments of ammonites of the

i7iter?'njotus-ty'pe occur mainly in the form of casts '.. abt. 4

/ . N ( ' Brownish sandy chi}' with streaks of glauconite ' 1 to 2
^ '^^I'Thin band of dark-grey clay' 2toa

(3 b) ' Dark-brown well-bedded sandy clay with numerous rounded
quartz-grains and pebbles. Pale-coated dark gritty phos-
phatic nodules of irregular shape (up to 6 inches in diametei'),

their surfaces studded wilh quartz-grains, occur sporadically

throughout ' abt. 4

(1) 'Dirty brownish-white faUe-btdded sand with bands and
masses of iron-grit in the lowest 5 feet,' etc.. seento 9

The authors mention the following ammonites as having beeii

obtained by them from the nodule-bed (8 b) of the two pits, this

and Pratt's:

—

Desmoceras aff. heiidanti (Brongniart), Donvillei-

ceras mammillafiim (Schlotheim), LeymerieUa regularis (Bi'u-

guiere), X. tardefiircata (d'Orbign}^), and Sonneratia diitem-

pJeana (d'Orbigny).

The Grovebury sections, as a whole, differ from those north and
north-east of Leighton in the absence of a definite band of iron-

stone-breccia and pan, and m the fuller development of the gritty

beds with phosphatic nodules at the base of the Gault. The
Chamberlain Barn section (fig. 16, p. 30), with its thin and
diffused breccia, affords the intermediate link; and the presence of a

few worn fragments of iron-grit, and of an occasional concretionary'^
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iron boxstone or streak of ' pan ' in the gritty beds at Grovebury
marks the taiUng-out of the locahzed conditions which produced
the iron-grit and its concomitants. These conditions, as will be

subsequently shown, were almost certainlj^ the existence, in a

current-swept sea, of a line of sand-banks, either awash or but
slightly submerged, which were indurated in places and scoured into

irregular reefs, with deeper water on the south.

Brickyards in the Upper G-ault.—Before leaving the

Leighton sections, I will mention two brickyards in the up^^er

part of the Gault, on the Stanbridge road, nearly 2 miles south-

east of Leighton and rather over a mile east of the Grovebmy pits,

«.s reference will be made to them in the subsequent discussion,

although they are not otherwise relevant to the subject of this

paper. The pits, Faukner's on the south side of the road (see

map, fig. 1, p. 2), and Yirrell's on the north,i are in pale silty

marl}'^ clay of massive structure, unlike anything seen in the

sections around Leighton. Fossils are very rare, and I have found
nothing except impressions of ' Hamites ' and crushed indetermin-

able shell-fragments. The absence of ' Belemnites minimus,' so

plentiful in all unweathered sections around Leighton, is particu-

larly noteworthy. The pits are 20 to 25 feet deep, and were being

Avorked in 1920, but the greater part of the cuttings were then
slipped and obscure ; they were seen more clearly in 1912.

Sections south-west of Leighton and beyond.

Little is seen of the base of the Gault in the country east and
west of the big sand-pits of the Leighton distiict, partly because

of the prevalence of Glacial drift on the east and for 6 or 8 miles

on the west, and partly because of the inherent weakness of the

Gault, which rarely allows natural inland exposures. In three

places, however, excavated sections have been observed which prove

that the conditions characterizing the base of the Gault around
Leighton continue, at intervals if not unbrokenly, for 17 miles or

more south-westwards. [The first of these, discovered since this

paper was read, is an exposure in a small sandpit in the village of

Southcott, on the M^estern outskirts of Leighton Buzzard, about a

mile distant from the centre of the town.] The second was in a

brickyard at Littleworth near Wing, about 3 miles south-west of

Leighton ; the third, in an old brickyard and stone-pit at Long
Crendon in the Thame district, 17 miles south-west of Leighton.

In the two last-mentioned the Basement beds have overlapped the

Lower Cretaceous Sands, and rest directly on Upper Jurassic

strata.

[Southcott (Buckinghamshire).—In this village, on the

Buckinghamshire side of the Ouzel valley, about a mile west of

the edge of my sketch-map (fig. 1, p. 2), a small sandpit has

^ Yirrell's Pit lies just outside the eastern limit of the map.
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been worked now and again for local requirements in the bottom
of a little post-Grlacial valley which has here trenched the sheet of

Grlacial drift overspreading the upland ground of the neighbonrhood.

The pit is in a paddock between the water-mill and the mill-pond

at the western end of the village. The following section was ex-

posed during the summer of 1921 at the south side of the pit, in

a bank held up by tree-roots ; it was clear in the upper part, but

obscured by talus below. This section touches the side of the

little valley; a fresh digging 20 yards farther north showed a

clean section, but here, being in the tloor of the valley, the Base-

ment beds had been cut nearly through and replaced by gravelly

wash and ' run-of-the-hill.'

Section at tlie soutliern end of tlie sandpit below
pond, half a mile south-west of Leighton R

Height above O.D. about 310 feet.

4

3 b. md"^
! in >

3—3

ZY. Claj' soil, with a few flints and drift-pebbles, passing")

down into—

•

)

Dingy-blue Gault clay, with indications of ' creep '; con-"^

tains a few finger-shaped phosphatic nodules; passing >

into

—

)

Streaky gritty claj^ey ferruginous loam, with large and
small gritt}' phosphatic nodules of Grovebur}- type
the lower part, intermingled with and streaking into

Lenticle of soft gritty pinkish fossiliferous limestone^
of Shenley type, with two or three of the gritty phos-

|

phatic nodules embedded in it ; becoming more pebbly }

and grittj' towards the edge, and then breaking into
|

concretionarj' lumps and streaking out into 3 b. J
Ferr ginous pebbl}^ loam, poorl}- exposed "^

Coarse ochre\' Leighton Sands, with indurated lumps C

and ' pan ' J

Southcott Mill-

ail way Station.

Thickness in feet

^

about 1

about 1

3a

2 to 3

maximum \\
(at the southern

end).

Excavated to about
8 feet, but now
obscured, except
at the top.

4 to 5 feet of Sand seen

in the northern
part of the pit.

The limestone is soft and crumbly, as usual when not well-pro-

tected, but is unmistakably of the peculiar Shenley composition,

showing also the same patchy concretionary structure and the

clustering of the fossils. These were in a poor state, but rather

numerous in one spot ; I obtained several Terebratulse, a Rhyncho-
nellid, small Aviculse, and ' Janira quinquecostata,' all of the

commoner Shenle}^ forms.

The section is important in showing the association and inter-

linking of this peculiar kind of fossiliferous limestone with the

gritt}" loams containing gritty phosphatic nodules, exactly like

the material of the G-rovebury and Chamberlain Barn sections-

which has yielded the Mammillatus - fauna. I broke up the

limited number of gritty nodules obtainable from the small ex-

posure, and found traces of fossils about as frequently as in those

of the big sections just mentioned ; but the fragments which I
succeeded in collecting are not determinable, unless one fairly good
cast of a bivalve should prove to be so.]
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Littleworth Brickyard (Buckinghamshire).—This place

is barely 2 miles south-west of the Southcott section. The brick-

yard is situated 400 yards north of the fork at which the Little-

worth road leaves the main road from Leighton, and is worked in

the slopes of a small steep-sided valley (deeper than that at

Southcott) cut by a rivulet through thick Glacial drift. The
surface, at the top of the pit on the south side, is about 380 feet

above O.D. The yard has been in operation intermittently for

over 60 years, and has been recentlj reopened ; but the old sections

are mostly obliterated, and the present exposure (October 1920)
does not reveal the base of the Grault. During the original

Greological Survey of tlie district it was examined by A. H. Green,

whose observations were incorjoorated and first published by
A. J. Jukes-Browne in his general memoir on the Gault, from
which the following passages are quoted.

^

' The late Prof. Green saw a clear section on the southern side of the

excavations about 1860, and noted the succession as follows :

—

Feet.
' Drift. Sand and pebbly sand 14

f
Pale-blue laminated clay with whity-brown phosphatic 1 ., -

I

nodules J
* Gault. { Yellow earthy concretionary limestone, with much ochre, 1

I

pyrites, some carbonate of copper ^ and brown phos- I IJ to 2

l^ phatic nodules J

' Kimeridge. Stiff bluish-black clay with large septaria 6

'When I visited the place in 1884 this section was obscured, but a cut on
the north side showed Kimeridge Clay passing beneath Gault without any
stone-bed, and only a thin parting of brown ferruginous matter. The Gault
contained Ammonites interruptus, Am,, lautus, and Bel. 'Minim,us. In the

little stream, however, which runs through the yard I found blocks of the
stone described by Prof. Green, a hard calcareous ironstone full of phosphatic
nodules, and containing many small Terebratulse, which were identified by
Mr. Etheridge as Waldheim^ia tam^arindus^^ a Lower Cretaceous form which
however has been found occasionally in the Gault.'

When the section was re-examined many years later by Dr. A.

Morley Davies, the base of the Gault was still visible in workings

south of the stream, and its variable character was again demon-
strated. The following are Dr. Davies's notes on the exposure,

published in his report of an excursion of the Geologists' Associa-

tion in 19014 ._

1 ' The Cretaceous Rocks of Britain—vol. i : The Gault & Upper Green-

sand of England ' Mem. Geol. Surv. 1900, p. 278.
^ Films of copper-stain occur occasionally on slabs of iron-pan in the iron-

grit breccia of the pits around Leighton.
'^ Some of the brachiopods from Shenley are near to this species, and it is

probable that, if the Littleworth specimens were still available for comparison,

they would be found to represent one of the Shenley forms.
'^ Proc. Geol. Assoc, vol. xvii (1901) p. 140. In the same writer's account

of a later excursion (1914), ibid. vol. xxvi (1915) p. 92, when the base of the

Gault was no longer visible, the particulars of the section above the Gault
are stated :

—
' Coarse morainic gravels, 8 feet ; Chalky Boulder-Clay, 2h feet

;

Sands and finer gravels, about 10 feet; Boulder-Clay, 30 feet ; Gault, 17 feet.'
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'In the upper diggings there were exposed about 15 feet of Drift, chiefly

gravel, but with intercalations of sand, and at one place of a boulder-clay.

The materials of the gravel were chiefly flint, but Coal-Measure sandstone

was also found. In the lower diggings the Gault was exposed—a light bluish

clay with small brownish-white phosphatic nodides, and under this a remark-
able basement bed in which black phosphatic nodules (one at least a cast of

a lamellibranch) were imbedded in a bright bluish-green material, while here

and there masses of red oxide of iron occurred. Immediately below this

came black shaly Kimeridge Clay,^ from which the workmen had collected

fossils— chiefly reptilian bones, but including also a large clavellate Trigonia,

and a stout Belemnite evidently Jurassic. In the Gault itself, B. minimus
was found.'

I am indebted to Dr. Davies for the loan of specimens whicTi he

obtained from the basement-bed in 1901 ; one is of semi-indurated

calcareous glauconitic sand, olive and dark green, streaked and
mottled with ochreous material, veiy like the glauconitic loam
associated with the iron-grit breccia and limestone at Shenley

Hill ; another is of glauconitic sand surrounding a worn fi-agment

of black phosj)hatic stone : another, of similar sand with traces of a

concretionary crust, probably once pyritous. The first specimen

includes some small wisps of pinkish calcareous matter, and is

doubtless the concomitant and variant of the limestone seen by
A. H. Grreen.

During my visits to the place in the autumn of 1920 the clay-

pit showed a poor exposure of 10 to 15 feet of shattery dark-blue

Gault containing small brown-coated nodules (black internally),

surmounted by dark greenish boulder-clay like that of Claridge's

pit (p. 26), with the higher drifts recorded by Dr. A. M. Davies

not well seen, except the top bouldery gravel. 1 was informed by
the proprietor that the ' green band " at the bottom of the Gault
was 10 or 12 feet below the present floor. I found ' Belemnites

minimus ' and ' Inoceramus concentricus ' plentifully, but only

some poor traces of other fossils, in the Gault.

Long Crendon (Oxfordshire).—On the steep rising ground
north of Long Crendon, 2 miles north-west of Thame, an irregular

outlier of Gault, about a mile long and for the greater part less

than a third of a mile wide, rests on an elevated platform of

Purbeck and Portland rocks in which numerous stone-pits have

been worked. The Jurassic strata have been described by many
observers, from the time of Fitton onwards, and reference is made
to the Gault in some of their descriptive sections ; but the earliest

observations (not however the earliest to be published) requiring

^ On the old 1-inch Geological Survey map. Quarter-sheet 46 S.W., the

Jurassic inlier along the valley west of Wing is lettered g ^ and colotired as

Portland Limestone, but the error is corrected on the later 6-inch MS. map,
Bucks, xxiv, kept in the Library of the Geological Survey, this map showing
ihe inlier as Kimmeridge Clay, with the lettering g^^. Last summer (1920) I

saw a good exposure of dark-blue clay, with big septarian nodules of the
' cement-stone ' type, at a watering-place for cattle in the brook south of

Wing Park, and obsciu-e exposures of similar clay in the banks at several

spots above and below this place.
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notice for the present purpose are those of Jukes-Browne,^ made
for the Geological Survey in 1885, and recorded in his memoir on
the Gault. He saw at that time the following section in ' a quarry

worked for stone on the east side of the road,' which can be

identified as the long-abandoned working close to the old windmill,

about a quarter of a mile north of the village.

Section at Long Cvendon; 1885. (A. J. Jukes- Browne.)

Thickness in feet.

r'Claj^ey soil passing down into tougli grey claj% slightly
' Gault.' -< micaceous and showing layers of darker and lighter grey

;

(. impressions of JwocerawMs' 10 to 12

f Brown ferruginous sandstone with small pehbles of quartz

'Lower i

and lydianite; in places are lumps of calcareous stone'... 1 to 1^

Greensand '*^ "Ihin layer of laminated grey and yellow clay; laminated

I

clays with large lenticular concretions of heavy purple

1^ ironstone' 2|-

' Purbeck and Portland Beds, seen for ' 16

The interest of this record centres upon the ' lumps of calcareous

stone ' in the bed below the Gault, as, under Jukes-Browne's in-

structions, the section was visited in the same year by the Survey
fossil-collector, Mr. J. Khodes, who obtained a few fossils from
the calcareous stone, which are preserved in the Survey collections

-at the Jermjai Street Museum. ^ These fossils, so far as they are

determinable, all belong to common forms of the Shenley Hill

limestone, and the matrix in which they are preserved is identical

with the common type of the Shenley Hill rock. The fossils are

registered as from ' Brickyard and Stone Pit, f mile N.W. of

Long Crendon Church.—Lower Greensand. Ferruginous sandy
clay and pebble-bed on Portland Oolite.' The rock is a reddish,

dense gritty limestone, with some ferruginous matter. The speci-

mens have received the following identifications in the Survey
Register :-

—
* Terehratida de])res&a ? Lamarck [J. R. 1656] ;

Terehratida capillata d'Archiac [J. R. 1658]; Terehrirostra lyra

Sowerby [J. R. 1677] ; Terehratella menardi Lamarck [J. R.

1660] ; Hhynclionella latissima Sowerby [J. R. 1678] ; Te7^e-

hratula [J. R. 1657, 1675] ; Cucullcea (fragment) [J. R. 1664] ;

^erpula, Oidaris spine, and Polyzoon [J. R. 1667, 1680].' (The
numerals in square brackets are the Register Nos.)
The Cucullcea of this list is Septifer lineatus (Sowerby), the

commonest lamellibranch at Shenley.

The section was re-examined some years later by Dr. A. Morley

^ ' The Cretaceous Eocks of Britain—vol. i : The Gault & Upper Greensand
of England' Mem. Geol. Surv. 1900, p. 277.

2 I owe thanks to my friend, Mr. E. T. Newton, F.E.S., formerly in charge
of the Survey collections, for having written to call my attention to these
fossils in 1902, soon after my discovery of the Shenley fossiliferous limestone;
but I was at the time resident in Ireland, and the matter escaped my memory
until revived recently by the controversy respecting the Shenley deposit.

So far as I am aware, the fossils have not been mentioned in any Survey
publication, and are now recorded for the first time.



42 MR. G. W. LAMPLrGH O'S THE JUNCTIOIS^ OF [vol. IxxVlii,,

Davies, who published, in 1899, the following description of it in.

his excellent paper, ' Contributions to the Geology of the Thame
Valley ' (Proc. Geol. Assoc, vol. xvi, p. 22).

'Section at Southern Windmill, Long Crendon.'
(A. M. Davies, 1899.)

Feet, inches..
' Gault.' ' Claj'' with Inoceramus concentricus, Belemnites minimus,

and foraminit'era 8

f Sand, with pebbles of quartz and lydite, and ironstone

'PSTnf -I concretions containing calcite 1 6

Ironsands.'i [
^^reen sandy clay 1 6

I

Ironstone b

l^' Bluish clay, black at base 6

' Purbeck.' ' Limestone with clay-veins ' 4 6

With other details, down to Portland limestone.

In a later paper Dr. Davies mentions that in the Gault here he
' failed to find ammonites, though foraminifera were plentiful

'

(GeoL Mag. 1899, p. 161).

I first visited the spot myself in June 1902 ; but by this time

the deeper part of the section had become obscure, and I saw the-

base of the Gault only where the cover was comparatively thin-

and the beds much weathered. The following details are from
m}^ sketch and section of the best exposure ^ :

—

Long Crendon pit, in field north of South Windmill;
June 22 n d, 1902.

Thickness in feet..
Clay (weathered Gault) : thicker on the east side of the pit, now over-

grown seen 2

Ferruginous claye.y stuff, sprinkled with lydite and other pebbles

(up to f inch in diameter) i to 2

In another exposure 15 j'ards farther east, the band has thickened
to 2 feet, is more sandy, and at the bottom is full of lydites in a

clayey base.

Grey and ferruginous clay, with a band, about midway, of large tabular^

clay-ironstone septaria with concentric coating : in the lower part a
[

white streak occurs, with small organisms ; and at the bottom a wedge )» 2 to 2f
of grey clay with white fragments, like the earthy Purbeck breccia

at Stone J
Limestone : uppermost 6 inches broken up and ' pebbly '-looking seen to 4

Like the previous observers, I regarded the gritty ' ferruginous-

clayey stuff ' as Lower Greensand, but was (and am still) inclined

to assign the underlying grey clay with tabular clay-ironstone to

the Purbeck.

This area is well outside the region of thick Glacial drift, which
terminates rather abruptly in steep-featured ground north of"

Aylesbury, 7 or 8 miles farther east. It is very generally veneered,

however, with a surface-wash of flinty gravel or loam, containing-

a few quartzite and other stones along with the flints.

The ferruginous breccia at the base of the Gault appears to-

^ It is necessary to give all available particulars regarding this section, as-

I believe that it is questioned whether the fossiliferous gritty limestone-

lumps found by Mr. Rhodes occurred below the Gault.
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have once extended over a wide area in the district, as I found
traces of it in 1904 under the main outcrop of the Gault east of
Tharae, between Kingsey and Aston Sandford, in the then -un-

finished cuttings for the Great Central Eailway. At the north-

western end of a cutting in Gault, I saw a poor exposure of"

ferruginous sandy loam full of bits of ironstone and lydites. The
Gault was a dark-blue rather silty clay, with ' Belemnites minimus '

and small brown-coated phosphatic nodules, seen to a dejDth of

8 feet.

When it became evident that the fossiliferous material obtained!

by the Geological Survey in 1885 from Long Crendon was-

identical, both lithologically and palseontologically, with the dis-

puted Shenley rock, steps were taken by the Geological Survey to^

re-investigate the section, now entirely obliterated by slips and
overgrowth. The requisite permission having been obtained, a

trench was dug, in the autumn of 1920, in the sliding clay-slope-

above the old stone-pit, and was carried across the base of the

Gault and its accompanying beds. From my examination of
the cutting soon after it was made, I obtained the information

shown in the following figure.

Fig. 18.

—

Section in flie trench at the east side of Long Crendon
Windmill pit ; September 24th, 1920.

Surface at the top of the slope, about 400 feet O.D.

E. W.

Scale: Vertical and horizontal

\ Old
\ stonc'pit

1 alu&

The trench, a foot and a half wide at the top, 2| feet at the lower part, was cut in

steps, tbe upper part entirely in sliding Gault, but the lower part touching Gault

in place, or onl^^ slightly displaced. AH the beds were more or less affected by
surface weathering.

T7iicJcne$9,

Z. Brown, passing down into blue, cla3'^ey soil, with scattered"^

flints (the largest seen, 4 inches in diameter)
,
passing > about 2 feet,

down into

—

)

Z. Rather pale blue-grey mottled clay (Gault), somewhat dis-

4 turbed, with some shattered small brown-coated phos-

phatic nodules seen about 2 ft.
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Thiclcness.

fSlidiug Gavilt and soil (trench 2 to 2k feet deep) ; obscure 8 to 9 feet,

(in 2ud Step). Bine-grey Ganlt, probably in place, nnder
sliding Gault seen abont 2 ft.

(in 1st Step). Dark-blue Gault, probably in place (with
4. <^ 3 to 4 feet slipped clay above) with soit

crushed decomposed traces of sbells seen abt.4ins.

Yellowish-grey decomposed clay, probably
altered b\' recent weathering, with fairly

^ sharp base on— 2 inches.

3. (<lo.) Decomposed ochreous loam, streaky and^
patchy, with glauconitic dabs and streaks,

and soft pale calcareous patches; rather

sparingly mixed with polished grit-grains

and small flat worn bits of ironstone;

also containing a nodular lump, 8 inches ) about 1 foot,

in diameter, of ferruginous pebbly mate-
rial (lydites, np to 1 inch in diameter,

and worn bits of ironstone), with decom-
posed calcareous cement, mottled with
glauconite ; fairly sharp base, on

—

3a? (in sump). Rusty marly sandy rock, rather flaky; "^

(possibly like soft sandy ironstone in parts ; evi- >- f to 1 foot,

Purbeck) dently altered by weathering. j

f (do.) Ochreous weathered rather sandj- clay,^

with a 1-inch streak of dark greenish-

blue clay at the bottom.
|

(do.) Septarian claystone nodule, blue intern- ) 5 inches.

P. { alh', with a crimson and liver-coloured i

(supposed ferruginous crust: tailing otf into tbe
|

Purbeck). ochreous clay. J
(do.) Eather pale buff marly clay, obscurely

[_ shown and wet seen to 6 ins.

(Bottom of the sump filled in before my visit).

The beds below tbe Gault were much weathered, but it will be

seen that the section is identical, so far as it goes, with those

previously recorded. The conglomeratic calcareous lump in (3)
may be taken as a decomposed example of the ' lumps of calcareous

stone ' noted b}' Jukes-Browne in the fresh section. Only about

8 square feet of the surface of the basement-bed was bared for

examination in the recent trench. I understand that some traces

of ammonites were found in the OTerlrino^ Gault, but could not

be preserved. It will be noticed that Jukes-Browne records only

'impressions of Inoceramus^ and Dr. A. M. Davies only Inoce-

ramus concentricus, JBeJemnifes minimus, and foraminifera ; so

that the Gault here, even at its best, was but sparingly fossili-

ferous, like the lower Gault at Shenley, and with the same kind of

fauna.

III. PjlI-eoxtological Notes.

Note.—In the short references within parentheses in the text of the sub-

sequent pages (L. W.) denotes the Quarterly Journal paper of 1903 (vol. lix)

by myself and Walker, and (K. P.) the Geological Magazine paper of 1920
(vol. Ivii) by Dr. Kitchin <fc Mr. Pringle.

In attempting to deal with the palaeontology of my subject, I

am. conscious how much has been lost to us by the death of my
former fellow-worker, by whom, had he lived, the major part of

the task would have been undertaken. As it is, I find mvself
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incapable, under the present specialized conditions of palseonto-

logical science, of doing justice to the matter; and can hope only

to convey such information as may indicate the general relationship

of the beds and assist the specialist in further investigation.

Additional Fossils from the Shenley Limestone.

I have already referred to the great growth of the Walker
collection since our former paper was written, and to the pre-

paratory work done on the brachiopoda by their late possessoi*-

before his death. From an examination of this collection of

brachiopoda, numbering very many thousands of specimens, now
preserved in the Natural History Museum at South Kensington
exactly in its original state, ^ I have been able to cull some infor-

mation as to the trend of Walker's later work which, even though
provisional and unfinished, is likel}^ to be of service to any future

investigator. In all the lenticles of limestone which have been

revealed since our former paper, the bracliiopoda have been by far

the most abundant element in the fauna, just as they were in

those previously discovered.

Brachiopoda.—(i) In view of the controversy as to the age of the-

limestone, it is important to note that the absence of the common Upper
Greensand forms, ' Terebratella pectita ' and the typical ' Terebratula bi-

plicata,' commented on in our former communication (p. 245), still holds good
in the vastly enlarged collection.

(ii) Determinations mentioned by Walker as having been based on scanty^

material are now much more fully represented : as, for example, Terebratula

biplicata Sowerby, var. duteinpleana d'Orbigny (formerly ' a specimen,' now
over 20 specimens) ; Rhynchonella antidichotoma Bav. (formerly 'one perfect,'

now at least 16 specimens, with others labelled Bh. latissima var. anti--

dicJiotoma) ; Rhynchonella lineolata f?J var. mirahilis nobis (formerly ' a
remarkable specimen,' now 4 specimens labelled simply Rh. mirahilis). Most.

of the new Shenley species or varieties established by Walker are now very
numerously represented in the collection.

(iii) Some additional determinations have been indicated ; when written

in ink, they were probably regarded as final ; when in pencil, as provisional,

and requiring further consideration. Among those in ink are— ' Terebratula
biplicata, var. ingens nobis ' (many specimens :—a large form diifering from
the var. gigantea nobis of our previous paper) ;

' Terebratula n. sp.' (twice ;.

two specimens, kept separate) ;
' Terebratula sella var.' (a single specimen,

possibly only a deformed individual of some other species ; the collection

includes many examples of deformity) ;
' Terebratula obtusa Sowerby ' (one.

specimen, labelled 'Greensand above Shenley bed. J. Webb,^ 1904');
' Terebratulina chrysalis Schlotheim ' (6 specimens : Walker, however, must
have felt some doubt about the nomenclature, as he mentioned the occurrence

of the form in a letter to me, dated September 17th, 1902, but added, after-

the name, ' according to Schloenbach, who refers the Essen (Tourtia) [shells]

to this species '
; and he did not include the name in his list published in_

1903 : see also his remarks on ' Terebratulina ' in L. W., p. 253) ;
' Zeilleria.

1 Walker sorted the specimens into glass-capped boxes, and wrote his

identifications with localities, etc., on the under side. The containing-

cabinets were presented along with the collection, which is thus kept intact.
" The name of one of the quarrymen from whom Walker obtained,

specimens.
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pseudojurensis Yar.' (12 specimens); ' Magas orthiformis (d'Archiac) var.

spiriferoides ' (about 30 specimens, besides large numbers of the normal
specific form and of assorted varieties ; the species, according to Walker,
bad not previously been found in Britain, and is rare in the Tourtia ; see

L. W., p. 255) ;
' Ehynchonella leightonensis var.' (3 specimens) ;

' Ehyncho-
Jiella cf . tripartita Pictet ' (4 specimens).

The following (provisional) determinations are marked in pencil only. The
species, mostly belonging to the Tourtia, are generally represented by named
specimens from abroad in Walker's foreign collection, which he evidently used
as the primary basis for comparison. ' Terebratula cf. roemeri ' d'Archiac,

(many specimens) ;
' Terebratula robertoni ' d'Archiac, (many specimens : see

remarks on this species in L. W., p. 252); ' Zeilleria dallasiana ' (2 speci-

mens) ; 'Magas subconcava ' (18 specimens) ;
' Kingena leptorhabdota' (many

specimens) ;
' Kingena psammos ' (about 30 specimens) ;

' Aulacothyris
'

(several boxes) ;
' Rhynchonella nu.ciformis var.' (about 100 specimens: see

remarks on the species in L. W., p. 259) ;
' Rhynchonella sigma ' (3 speci-

mens : in a letter to me, dated January 30th, 1903, Walker wrote—' There
is a curious new Rhynchonella, something like Rh. sig^na ; I shall propose the

name Rh. sigmoides for it.' He added :
—

' The bulk of the Ehynchonellas
belong to the Rh. dimidiata group ; the Continental geologists lump them
into this species, but I think latissima should be kept separate.' His later

work appears to have strengthened this opinion : see (ii) above.

A large proportion of the assorted brachiopoda in the collection, parti-

cularly of the Rhynchonellids, have no names on the boxes, or a generic name
only, and I know that Walker regarded some of these as probably new. His
attitude in dealing with the material was expressed to me concisely as

follows {in litt. January 16th, 1902) :
—

' The difiiculty is not to describe new
species, but to prove that the old species are present in the bed.' Walker
defined his conception of a species in a short paper in the Geological Magazine

(pp. 15-17) in 1905, and from the point of view therein stated, he found that

the specific centres of the Shenley fossils ' where the individuals are most
thickly clustered and most closely resemble each other' rarely embraced the

individuals which were nearest the form regarded as typical for the

•established species of other localities ; wherefore in most cases, if an already-

named species had been first described from the Shenley specimens, it would
have had a somewhat different definition. The very numerous grouped but
unnamed specimens in the collection will be found usually to represent

Walker's ideas of the specific and varietal 'centres ' calling for recognition.

The list of fossils other than brachiopoda given in L. W., p. 263,

was based on my own collection, since presented (excepting a few
specimens) to the Geological Survey and now preserved at the

Jermyn Street Museum. The non-brachiopodous material obtained

later by Walker, now in the Sedgwick Museum at Cambridge,
includes a large number of forms not already in the list ; but only

. some of these have as jet been identified, and it will not be possible

to gain a comprehensive view of the fauna until the whole
collection has been systematically worked through, and the fossils

^compared with those from analogous deposits in France and
Belgium (see p. 61). The collection, however, is scanty com-
pared with that of the brachiopods, so that instead of the s^^ecies

being represented by hundreds or scores of specimens, they rarely

count more than units, which is to be explained partly by original

sparseness, imperfect preservation, and difficulty of extraction

(see L. W., p. 244), and partly, perhaps mainly, as the result of

Walker having purposely selected the brachiopoda for his chief

•objective. As in the case of the brachiopoda, some of the forms
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appear to belong to species previously unknown in this country.

The following notes are intended to give a general idea of the

••additional fauna, without pretence to palaeontological accuracy,

except in the case of certain specimens at Cambridge, duly indi-

^cated, which have been submitted to expert examination.

Cephalopoda.—Although fossils of this Class have continued to be
exceedingly rare, a few specimens have been obtained which are of high

-import. It was mentioned in the previous paper that the cast of portion of

•an ammonite had been found, which, though not identifiable, showed affinity

to ' Ammonites milletianus.' The Walker (Cambridge) Collection now con-

tains four specimens, all showing the same general features, three of them
j)Oorly preserved, but one, the largest, a sharp ferruginous cast, | inch in

diameter, in good condition and showing traces of nacreous lustre, which has

.been identified by Dr. Kitchin as Leytneriella regularis (Bruguiere) ; and there

is little doubt that the ammonite mentioned in our first description was of

the same kinship. This species and its allies are the commonest forms in the

..gritty phosphatic nodules of the Basement beds at the Chamberlain Barn and
Grovebury pits (pp. 30 & 36). Dr. Kitchin & Mr. Pringle speak of the lime-

stone-specimens as ' derived from the tardefurcata bed ' (K. P., p. 102), but

the state of the specimens runs counter to the hypothesis of derivation,

which will be shown also on other grounds to be improbable (p. 55). Their

•condition is quite diiferent from that of the small round waterworn fragment

of a whorl referred to in L. W., p. 244, and now in the Cambridge collection.

Another species of ammonite yielded by the limestone is represented by a

.single specimen which, in 1920, rewarded my search in recently-excavated

material at Harris's pit. The shell, about an inch in diameter, is somewhat
-crushed, but otherwise fairly well-preserved, and is a smooth discoid form,

without ribs, agreeing well with the form common in the Mammillatus-beds,

which has been named provisionally ' Ammonites beudanti.' This form occurs,

along with ' Ammonites regularis,' in fair numbers in the gritty phosphatic

-nodules of the Grovebury and Chamberlain Barn pits, where they are associated

with scanty examples of ' Ammonites mammillatus ' (pp. 30 & 36).

With regard to the belemnites, no additions have been made to the two
fragmentary specimens ijreviously recorded, of which one is now at Cambridge
and the other in my own collection. The form, as stated before, is near to
' Belemnites minimus,' although rather larger than the average of that

species. I notice that a German investigator, in discussing recently the

-Lower Cretaceous sequence of North Germany, recognizes a form intermediate

between ' Belemnites aff. strombecki ' and ' B. minimus ' in the ' Zone of

-Hoplites regularis,' and proposes for it the name Neohibolites minor StoUey.^

-It is likely that the Shenley belemnite belongs to this type.

Gastropoda.—This Class is represented in the collection at Cambridge
by many unnamed specimens, mostly in poor condition, but a few probably
-identifiable. They include examples of ' Pleurotomaria,' and probably others,

in addition to the genera already recorded. I recently collected a good cast

•of ' Scalaria ' from the limestone.

Lamellibranchiata.—Most of the species previously recorded are

-represented in the collection at Cambridge by a few additional specimens,

-alopg with which there are several species new to the list. Some have not

.yet been identified; but the following determinations have been made by
Mr. H. Woods :

—

Inoceramus concentricus Parkinson (3 specimens : the

-largest about ^ inch in length) ; Isoaixa obesa (d'Orbigny) (5 specimens,

1 E. StoUey, ' Beitriige zur Kenntnis der Cephalopoden der Norddeutschen
TTnteren Kreide : 1. Die Belemniten des Norddeutschen Gaults (Aptien &
Albien)' Geol. & Palaeont. Abhandl. n.s. vol. x, pt. 3, 1911; also 'Die
'Gliederung der Norddeutschen Unteren Kreide ' Centralbl. fiir Min. 1908,

p. 246.
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casts) ; Cyprimeria (Cyclorisma) resembling rotomagensis dOrbiguy (6 speci-

mens) ; Pecfen (Camptonectes) ciirvatus Geinitz (3 specimens, small): Lima
{Mantellutyi} resembling- gaidtina Woods (2 specimens) : Liryia (Plagiostoma)
globosa J. de C. Sowerbr (mentioned in our previous list as ' resembling ' this

species ; identification now confirmed on the strength of several specimens)
;

Pteria {Ojcytoma) pectinata (Sowerbj) (many specimens: probably=:'Avicula
sp. indet.' of our previous list) : also (genus only) Limatula and Xucvla.
Echinodermata.—The fossils of this Class in the collection at Cambridge

have been recently examined by Prof. H. L. Hawkins, who has published two
notes on the subject rathe Geological Magazine. Feb. it Sept. 1921 (pp. 57-60
& 420-26). The following are his identifications : he says. ' Unfortunately^
most of the Echinoids are very indifferently preserved, so that specific deter-

mination is often doubtful, and in some cases impossible.'

Cafop'jgus columhari^'s AgB-Ssiz (2 specimens); yucleoJites lacnnosiis Gold-
fuss (1 specimen) ; Pyrina aff. leevis Agassiz (4 specimens) (all in our previous
list). Cardiaster flatis^imus Agassiz (definitely so named in our previous
list). Eadioles of Cidaris hoicerhaiiki Forbes.

The above are species previously recorded ; the following are additions to
our list :

—
' Pyrina ' sp. nor. (? nor. gen.) (1 specimen) : subsequently

described and figured as Conidopyrina anomala Hawkins. Pyrina cf.

inf.ata d'Orbigny (1 specimen); P. cf. desmoidinsi d'Archiac (2 specimens);
Pyrina sp. (or spp.) (2 specimens): ' Echinospatagus' aff. murchisoniaiuis

(Mantell) (1 specimen). Cardiaster cf. fossarins (Benett) (2 specimens).

Internal moulds of

—

? Peltastes or ? Salenia (1 specimen): fPseudodiadema
or ? Diplopodia (1 specimen) ; and ? Cardiaster or Holaster (2 specimens).

Prof. Hawkins remarks :
—

' All the specimens of Pyrina are probably
shape-variants of a single species ; the forms attributed to P. Isevis being
immature.' . . .

' The outstanding feature is the relative abundance of Pyrina^
about half of the specimens being referable to that group. This probably
indicates littoral conditions ' {op. prius cit. p. 59 ).

I shall have occasion to comment on this list in the concluding part of my
paper (pp. 76-77).

Crustacea.—The collection at Cambridge contains several casts of the
carapace recognized by Mr. H. Woods as Cyphonotus incertus Bell. An
example of the same form, named by ^Ir. E. T. Newton, is among the fossils

of my own collection at Jermyn Street.

Polyzoa.—Among the fossils at Cambridge are a few polyzoa, to some of

which the following provisional names have been attached :

—

Reptomultisparsa

cf. rnegalopora (Tine) ; Heteropora sp. : and Trernacystia sp.

Crinoidea.—The fossils mentioned in L.W.. p. 244, as •joints of a large

round-stemmed crinoid. recalling . . . BoxirgueticHnv.s . .
.' have been examined

by Dr. F. A. Bather and identified as Torynocrinus, a genus beginning in the

Lower Cretaceous and not known abore the Red Chalk ; the Shenley form is

not referable to the species found in the Eed Chalk of Hunstanton. Besides

those in my own collection, there are several specimens at Cambridge.

Fossils of the Gieeiisaiid and Breccia associated with tlie

Shenley Limestone.

Excepting the traces of shells in the decomposed calcareous

patches, mentioned on pp. IS & 20, the iron grit-breccia and its

accompanYing gritty loam and sand are almost devoid of fossils,

the only examples that I have fomid being a specimen of •' Janira

quinquecostata ' and an imperfect ' Pecten " in glanconitic loam at

Miletree Farm pit (fig. 11, p. 20) ; a small round palatal fish-tooth,

and a Tvorn fragment of the vrhorl of a phosphatized ammonite,

probably a pebble like that referred to on p. 17, at Xine Acre pit

(fig. 7, p. 16) ; and two or three worn casts of • Terebratula ' at
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Poplars pit (fig. 14, p, 23). It is to be remembered, however, that,

except under Shenley Hill, the breccia is never far below the

present sm-face, and generally shows signs of recent weathering,

as well as of an older alteration before the deposition of the Gault,

so that calcareous fossils other than those embedded in the solid

limestone-lenticles or in phosphatic nodules have had a poor chance

of survival, even if originally present.

The thick wedge of greensand which intervened between the

Gault and the breccia in former workings at Garside's pit,

Shenley Hill, first exposed after our former paper was published (as

described on pp. 10-13, fig. 4), was better provided with organic

remains. It proved, however, a disappointing collecting-ground,

owing to the patchiness of the fossils and their poor condition,

aragonite shells (as in the limestone) occurring only as casts, and
those of calcite beino: scalv and friable.

The better part of my collection of these fossils is at the Jermyn Street

Museum ; the remainder, along- with a few collected by Walker, are still in

my possession ; the following rough list includes the material in both sets.

' Belemnites minimus ' and ' var, attenuatus ' (the most abundant fossil) ;

cast of a larg-e Na^itihis, resembling ' N. radiatus ' ^ ; indeterminable fragment
of a cast of ? ammonite ;

' Inoceramus concentricus ' (several casts, more or less

crushed, chiefly of the broad coarsely-ribbed variety found in the overlying

Gault, see p. 51) ;
' Anomia '

; several small oysters, among which Dr. Kitchin
& Mr. Pringle recognize (K.P., p. 6) ' well-developed valves of Ostrea vesi-

cularis Lamarck, and 0. canalicnlata (J. Sowerby) ' ;
' Terebratula,' some

crushed, others in waterworn fragments, rather numerous, but the only
one found identifiable by Walker was the specimen of Terebratula ohtusa

Sowerby mentioned previously (p. 45) ; many fragments of ' Serpula,' among
which Serpula antiquata J. de C. Sowerby has been recognized (K. P.,

p. 6) ; several detached valves of cirripedes, believed to be mostly referable

to Pollicipes glaher P. A. Eoemer and Pycnolepas rigidus (J. de C. Sowerby)
(see K.P., p. 6); two small echinoderm-tests in very poor condition, sub-

mitted to Prof. H. L. Hawkins, and reported to be probably ' Cardiaster
'

or ' Holaster,' but beyond specific recognition. There are also two or three
indeterminable casts of gastropods.
Among the half-dozen small but fairly well-preserved fish-teeth, Mr. E. T.

Newton has recognized Lamna appendiciilata Agassiz. Scaphanorhynclnis
suhulaUis Agsissiz, Sc. rapModon (?) Agassiz, and Apaleoduts (?J. The three
species named are recorded as occurring in the Mammillatus-beds of France,
as well as in higher zones of the Gault.^

Fossils of the Gritty Phosphatic Nodules (Mammillatus-
bed).

This fauna, discovered since the publication of our former paper,

is probably the best development of the Mammillatus-fauna known
in this country, but will require much specialized work, as well as
further collecting, before it can be adequately discussed. It was
briefly referred to in my report of the Geologists' Association

^ Approximate determination by Mr. E. T. Newton, F.R.S.
^ A. J. Jukes-Browne, ' Gault & Upper Greensand,' Mem. Geol. Surv. supra

cit. p. 379 ; and C. Jacob, ' Etudes Paleontologiques & Stratigraphiques sur la

Partie Moyenne des Terrains Cretaces dans les Alpes Pran9aises, &c.' Trav.
Lab. Geol. Grenoble, vol. viii (1907) p. 311.

Q. J. G. S. No. 309. E
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excursion in 1915 (see reference on p. 35) and has been recently

described in part b}'' Dr. Kitchin & Mr. Pringle {op. cit.), but is

otherwise unrecorded. The following notes, based on my own
collections (wliich 1 still retain), will serve as a rough indication

of the main elements of the fauna. The fossils, in nearly all cases,

take the form of sharp casts in the dark gritty phosphatic rock,

becoming obscure and Avorn on the pale exterior of the nodules.

Owing to the tendency of the nodules to break with a prismatic

fracture, it is generally a matter of chance, even when fossils are

present, whether they will be disclosed or destroyed under the

hammer, and the majority of the nodules appear to carry none.

To distinguish the two principal localities, the letters Gr. = Grove-
bury pits, B. = Chamberlain Barn pit, are used after mention of

the specimens.

Cephalopoda.—The ammonites recorded by Dr. Kitchin & Mr. Pringle

are (1) Desmoceras aff. heuclanti (Brong-niart)
; (2) Douvilleiceras m.mnmillatum,

(Schlotheim)
; (3) Leyineriella regularis (Bruguiere)

; (4) Leymeriella tarde-

furcata {d'Orhignj) ; said (o) Son7ieratia dutempleana (d'Ovhignj). Of these,

1 & 3 are comparatively numerous and 2 & 4 comparatively rare at G. and B.,

mainly in small clusters of one kind. I have not myself obtained 5. I possess

a well-marked fragment of ' Ammonites of interruptus-type ' in gritty-nodular

matrix from G., probably from the more clayey upper part of the band. Some
of the ammonite-fragments preserve traces of the nacreous lustre.

Of belemnites I possess the cast of a phragmocone from G., rather large for
' B. minimus,' but apparently belonging either to this or to an allied form (see

remarks above on the limestone-specimens, p. 47).

Gastropoda.—Casts of the shells of this Class are rather numerous,
particularly at G., and often show good ornamentation, so that determination

from mouldings should eventually be practicable. The following genera,

with others, are probably represented among my specimens :
' Aporrhais,'

' Natica,' ' Pleurotomaria(?),' ' Scalaria,' 'Solarium,' ' Trochus.'

Lamellibranchiata,—Also numerous as casts, but perhaps not often

specifically identifiable. I have noted the following :
' Inoceramus con-

centricus,' a rather small broadly-ribbed form, approaching ' salomoni,' like

that in the Shenley limestone (3 specimens, G.) ;
' Pecten orbicularis ' (several

specimens, G., B.) and other pectens ;
' Janira quinquecostata ' (2 specimens,

B.) ;
' Pteria pectinata ' (G., B.) ;

' Nucula probably pectinata ' (1 specimen, G.);

an ornate ' Trigonia' (2 specimens, B.); 'Goniomya' (1 specimen, B.); a small

striated ' Cardium ' (several, G., B.) ;
' Cyprimeria (?) ' (3 specimens, B.);

* Cucullaea (P) ' ;
' Panopaea (?)

' ; many remnants of a large shell, always
crushed, ' Inoceramus ' or ' Gervillia ' (G., B.).

Brachiopoda.—The fossils of this Class area subordinate element in the

fauna of the nodules, and not predominant as in the limestone. They occur

as casts, occasionally clustered but often singly, and are much more plentiful

at B. than at G. The majority appear to belong to ' Terebratula,' of forms
near to ' moutoniana ' and ' biplicata var. dutempleana ' (B., G.) ; another form
may be ' Zeilleria convexiformis '

; and there are probably two species of
' Kingena '

(? ' newtoni,' B., and ' lima ' G.). Only one ' Ehynchonella " (G.) is

in my collection; also a ' Lingula ' (B.).

Echinodermata.—I submitted the three casts obtained to Prof. H. L.

Hawkins, who found them too ill-preserved for identification, but considered,

though without confidence, that two might be small ' Pseudodiadema ' (B., G.),

and the third came nearer in proportion to ' Cardiaster latissimus ' (G.) than

to any other species (see p. 77).

Criistacea.—The claws of a large lobster-like crustacean, rather well-

preserved, together with three or four less promising specimens are in my
collection from B.
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Among" the imclassified remnants may be mentioned some unnamed polyzoa,

teredo-borings, and small annelid (?) tubes, the latter sometimes riddling' the

nodules (B.) ; also some poorly preserved fragments of bone (? reptilian) (B.).

1 have found no fossils whatever in the gritty clay and loam surrounding
the nodules.

Fossils of the Ganlt.

In the next part (§ IV) of this paper, reasons will be stated for

•concluding that, contrary to the supposition of Dr. Kitchin &
Mr. Pringle, the Lower Gault is present throughout the district

iuncler discussion, though of less thickness than at Folkestone.

The division between the Upper and the Lower Grault is marked
approximately, as at Folkestone, by a band of phosphatic nodules

which indicate a pause in deposition at the beginning of the Upper
Gault period. In the sections described in § II the Upper Grault

occurs certainty in place at Harris's pit (fig. 3, p. 7) and Heath
House pit

;
possibly also at Grovebury brickyard. It may have

contributed to the top ' creep ' in neighbouring sections at lower

levels, but I have not seen any proof of this.

Lower Gault.—The lower beds contain few identifiable fossils,

:such shells as have been entombed being almost always crushed

flat and, in the shallower sections, still further spoilt by weathering.

' Belemnites minimus and vars.,' and ' Inoceramus concentricus and allied

forms,' are always the most conspicuous, and often the only fossils of the belt

;

.and they distinguish it throughout the district, as also at Long Crendon
f(p. 42) and Littleworth (p. 40). The ' Inoceramus ' shows much variation of

form, sometimes attributable to crushing and slight shearing, but sometimes
denoting original differences which may be of specific value ; one variety is

probably referable to Inoceramus anglicits Woods, and another, a wavy broad-

ribbed form, is likely to be that mentioned by Jukes-Browne & Hill in their

•description of the Gault of West Norfolk,^ as follows :
—

' Of the other Inocerami
[at Muzzle], some seem certainly to be J. concentricus, and others resemble
.the larger and more compressed species which occurs frequently in the Lower
Gault elsewhere, and may be identified with that known as I. Crippsii when
found in the Red Chalk of Hunstanton.' I have obtained the same range of

forms in similar condition from the ' Belemnites minimus marls ' below the
Bed Chalk at Speeton, where they were associated with a crushed ammonite
•doubtfully referred to 'Ammonites interruptus.'^

It has been usual in stratigraphical work to ' lump ' these forms under
-^ Inoceramus concentricus ' as a term of contradistinction to ' I. sulcatus,'

"which can be separately recognized, however crushed, and has not, to my
knowledge, been found in these lower clays.

In the recent deep section in Harris's pit (fig. 3, p. 7), the lower clays have
yielded a few other crushed fossils which come within the range of possible

identification. Dr. Kitchin & Mr. Pringle (K. P., pp. 13, 14) record
' the presence of small impressions of the characteristically ornamented
Natitilus deslongchainpsianus d'OrhigTi

J
' and ammonites 'poorly preserved,

in a compressed condition, often consisting of little more than brown rusty

^ On the Lower Part of the Upper Cretaceous Series in West Suffolk &
Norfolk ' Q. J. G. S. vol. xliii (1887) p. 572.

2 'On the Subdivisions of the Speeton Clay' Q. J. G. S. vol. slv (1889

p. 604 ; and ' On the Speeton Series in Yorkshire & Lincolnshire ' ibid.

vol. lii (1896), table facing p. 184.

e2
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films on the bedding-planes ; neTertheless, many shovr plainlr the Tnain

featnres. The conunonest form is closely comparable with well-known
specimens/ . . . ^from other places mentioned" • Tariously named in mnsenm
collections as Hoplites auritiis iJ. Sowerbv), H. catillvs (J. de C. Sowerby) or

H. auritus Tar. catillus' (see further comments, p. 78). They also mentioii

the occurrence of Xucxtla pectinata J. Sowerby. Pecten (SyncyclonemaJ
orbicularis J. Sowerby. and ' Scalaria ' dupiniana dOrbigB^y. I hare myself
obtained si)ecimens of these, except the last-named and the Sauxilus. The
ammonites are n^nally crushed in the horizontal plane ^; but I found one
specimen which has been crushed and spread edgewise : it appears to hare
been a • Hoplites ' form, with strong protuberances at the outer end of the ribs»

I hare also collected from the lower clays (2 to 4 feet aboxe the base) the

remains of a small fish ; decomposed pyritous teredo-bored wood with traces

of adherent • Anomia (r) ' and small oyster-like shells :
' Xatica (r)' ; and the

markings of many broken bits of shell.

From the higher i)art of the Lower Gault nnder Shenley Hill I hare not
myself obtained any specimens in place, as this portion is so qnickly obscnred
by slips that it is rarely accessible. It has been examined howexer (wholly

or in part r) by Dr. Eitchin & Mr. Pringle. whose record relating to the
fossils has already been quoted (fig. 3, description, pp. 7—S). Somewhere in

this part, probably not far below the Upper Glanlt nodule-bed, the clays must
contain some ammonites j)artly infilled with concretionary matter and thus
preserved in an uncrushed condition, as I hare collected several good frag^

ments in this state, mostly of the " Ammonites auritus ' and • A. splendens

'

types, from spoil removed from the middle of the slips : and I have a specimen
of the same kind (either ' auritus ' or ' lautus ') from Chance's pit, obtained in

1904 from a quarryman. and said to have been found in place.

Fragments of the " splendens " ammonite in the same condition may still be
picked up on the clay-slopes of the old Heath House pit (p. 29).

The other sections in the lower clays around Shenley TTiJI have yielded little

beyond ' Belemnites minimus ' and • Inoceramus concentricus ' : and it is note-

worthy that the Littleworth brick-pit, from which Jukes-Browne records

Lower Gault ammonites (p. 39), has yielded to me nothing more than the
same ' Belemnites ' and ' Inoceramus ' in the present weathered exposure.

From the lower clays of the Grovebury brickyard I have collected at
various times the following fossils among others, mostly as fragments, but
hard and uncrushed, the majority being from the band of small brown nodules
described in the section (p. 34) :

—

'' Ammonites interraptus ' (1 specimen) j

' A- auritus ' (3 si)eciniens) ;
' A. splendens ' (5 specimens) ;

' Hamites

'

(3 specimens) ;
" Belemnites minimus ' ;

' Dentalium decussatum ' (1 specimen) ;

' Xatica " :
• Mucula " : etc. : and from larger nodules probably occurring in

the upper part of the section—' Ammonites rostratus ' (1 specimen, good) j

'A. varicosus ' (2 specimens); and 'Inoceramus sulcatus or subsulcatus.'

T7pper Grault.—Esirpt tlie few specimens from Grroveburv

brickyard just mentioned, and a few representing the same species

and in the same condition found on the Aveathered slopes of
Heath House pit. my collection of the Upper. Gault forms has
been obtained entirely from the fossiliferous band with phosphatie

nodules near the top of Haniss pit (fig. 3, p. 7). The following

^ In the first sketch of the section in my notebook, dated June 2nd, 1902,
made just after the discovery of the fossiliferous limestone, my description of

the Grault reads :
—

" Gault clay, Inoceramus concentricus. Ammonites inter-

ruptus, &c., thickness : 5 to 8 feet.' For some reason which I cannot now
recalL but probably because I had not carried away specimens for reference,

and was (quite rightly) doubtful of my field-determination, I omitted
reference to the ammonite in the paper published in 1903. The forms that I
sa^v mav have been like those no^v described.



part I] GAULT AND LOWER aEEE]S^SA]S^D JS^EAll LEIGHTOIS^. 53

rough determinations are poorly representative of the fauna, and
the list could certainly be much extended:

—

'Ammonites rostratus and vars.' (many); 'A. auritus and vars.' (both in

nodules and soft clay); 'A. varicosus' (few); 'A. splendens and vars.';
' A. near coelonotus ' ;

' A. studeri
'

; 'A. lautus ?
'

; and others ;
' Karaites

'

;

* Belemnites minimus' (many). ' Inoceramus concentricus ' (both in nodules
and soft) ;

' I. subsulcatus ' (one specimen in black phosphate) ;
' I. sulcatus

'

(nodules and soft); ' Nucula pectinata ' (soft); 'Plicatula' and ' Ostrea
'

;

' Dentalium ' (many) ;
' Scalaria,' ' Solarium,' and other univalves ;

' Penta-
crinus ' (in patches).

IV. CLASSIFICATIOlSr, SxETJCTUEE, AjS^D CONDITIONS
OF Deposition.

The sequence of beds exposed in the sections described may be tabulated

in downward order as follows :

—

Formation.
Post- \.ry.

Glacial. 5^^-)

Glacial

Thickness
infeet.

1 to 4

/y N C Boulder-clays
^

''

X gravels.

Gault
(part of).

Composition, Localitij

Soil, dovvnwash and ' creep.' All sections.

with associated and later Absent in some"!
places : l)est seen

^•Wfl^^r-'^^"'Hoto20pit (fig. lo) and
f

Littleworth (p.
[

39). J
fUpper Gault, lowest part only: pale blue-~^ Harris's (fig. 3),^

I

grey marly clay, with numerous corroded
|

Heath House (p.

(5)<J phosphatic nodules (5a) at or near the base. |> 27) and Grove-

I I

buiy brickyard

L . J (p. 34). J
C Lower Gault ; dark grey-blue clays with

)

( 4 ) ^ small brown-coated nodules ; generally > All sections.

becoming gritty near tbe base (4a). }

Oto 6

(seen)

up to 18

Basement,„,^i
beds. ^"^'^

South of
Lei gilt on.

Grittj^ glauconitic

clay and loam (3b)

with occasional

worn fragments of

ironstone; sparsely

studded with fos-

siliferous gritty

phosphatic nod-
ules.

North of Leighton.
Similar material more
coarsel}^ gritty (3 b)

associated with, and
in places thinning out
upon or under (3 a) a

band of irongrit-

breccia with ferricrete
' pans ' and lenticles

(3) ; and with calcrete

patches thickening
locally into lumps or

tables of fossiliferous

limestone.

Lower
Green-
sand
Series
(part of).

L
Uneven surface of erosion.

"
( 2 ) The Silty beds : regularly bedded ashj'-grey

silts, carbonaceous and ferruginous loam
and clay, and some sand.

Plane of erosion.

( 1 ) Leighton Sands : strongly cross-bedded"^

{ coarse sands. North of Leighton :

almost purel}'' siliceous 'Silver Sand ' with
local patches of ferruginous staining and
induration (Ix). South of Leighton:
less pure, speckled, brownish or greyish

sands, rarely showing staining or indu-

ration. ^

South— "^

Grovebury pits

(fig. 17, p. 33)
Intermediate

—

Chamberlain
Barn pit (fig. 16)
North-
All Shenley pits

;

Poplars (fig. 14), }>1 to 5

Claridge's (fig.

15), and Heath
House pits : also

West—at South-
cott (p. 38),

Littleworth (p.

39), and Long
Crendon (p. 40). J

Present in some^
Shenley sections

|

and northwards
; J>0 to 12

absent south- |

wards. J

All the pits around
Leiffhton.
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The general dip of the Cretaceous sequence is south-eastwards at

a low angle ; the plotting of continuous sections brings out, how-
ever, some local anomalies due, not to tectonic structure, but to the

mode of formation of the deposits. Thus, a long section drawn
north-eastwards, on the general strike of the Grault,^ from Chamber-
lain Barn pit through the Shenley Hill pits to Poplars pit, a

distance of nearly 2 miles, shows a rise of 55 feet in the floor of

the Basement beds in the flrst 1350 yards (between Chamberlain
Barn and Harris's, Shenley) and then a fall of about 20 feet in

the further mile (between Harris's and Poplars). If the initial

rate of rise had been continued to the north-eastern end of the

section, the base of the Gault would have been some 70 feet

higher at Poplars than at Harris's, instead of being 20 feet

lower; so that the floor at this end of the section falls about
90 feet below the plane of its southern part. Calculating by
the same method in the reverse direction, from north-east to south-

west, we find that the flooi- at Chamberlain Barn is about 70 feet

lower than the plane prolonged from the northern half of the

section. The gentle slopes of the low arch thus indicated are

somewhat accentuated on both sides towards its crest, which is

situated under Shenley Hill and has been cut across by the north-

and-south range of sandpits. The top of the arch shows distinctly

in the combined section of these pits on the natural scale (fig. 12^

p. 22) ; but, owing to the vertical component being so small in

comparison with the horizontal, it has been found impracticable to

reproduce the full-length section from Chamberlain Barn to

Poplars on a small scale, without such excessive vertical exag-

geration as to destro}' its utility.-

It is clear that the Basement beds and Gault were laid down on

an uneven surface, which may partly have reflected the original

heaping-up of the Lower Cretaceous sand-banks, but appears to

have owed still more of its irregularity to the erosive action of sea-

currents during the early stages of the Upper Cretaceous trans-

gression. The conditions, from late-Lower Cretaceous times

^ The conjectural boundary of the Gault on the Old Series 1-inch Geological

Survey map (Quarter-Sheet 46 N.W.) in the area north-east of Leighton has

proved to be incorrect in many j)laces, as was inevitable from the obscurity

of the ground, the slipping of the clays, and the difficulty of distinguishing

between Boulder Clay and Gault from surface-indications only. The Gault

boundary near Heath is now known to lie at least half a mile farther west
than shown. The district was partly re-surveyed on the 6-inch scale some
30 years ago, and the boundary corrected so far as was then possible; the

results have not been published, but are available for reference on manuscript
6 -inch maps in the Geological Survey Library at Jermyn Street.

^ For the same reason, a still longer section, from the Grovebury pits to

Poplars, intended to illustrate the upward curve of the Gault and the

accompanying changes in the character of the Basement beds, has been found
tinadaptable for reprodiiction. Its 'purpose can be served by a combination of

the small figured sections, in the following order (south-west to north-east) :

—

figs. 17, 16, 4, 3, 6, & 14. All these are to the same scale, and their relative

position is shown on the sketch-map (fig. 1, p. 2).
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onwards until well into the Upper Cretaceous, were very favourable

for the production of such currents, since we have evidence, both
stratigraphical and palaeontological, for the existence of a strait in

this quarter, connecting a broad Anglo-French basin on the south

with a broad Anglo-Grermanic basin on the north.

^

It is common knowledge that borings in Hertfordshire and the

Eastern Counties have proved the 23resence of an eroded Palaeozoic

floor almost immediately below the Gault, indicating a near shore-

line to the eastward ; while immediately west of Leighton there is

a double transgression and unconformity, first of the Lower Cre-

taceous Sands onto the Oxford Clay, and then of the Gault across

the Sands and likewise across the Jurassic sequence from the Oxford
Clay upwards, proving an uplift and emergence of a shore-line in

that quarter also ; and the shallow-water current-bedded Leighton

Sands, accumulated in the strait, have their main development
between these borders.

The Silt}^ beds (2).—I do not propose in this communication to

deal further with the Leighton Sands (1), but some discussion of

the Silty beds (2) is necessary, as these beds have been stated by
Dr. Kitchin & Mr. Pringle to contain the gritty phosphatic

nodules and to be the parent-bed from which these nodules have

been washed into the Basement beds of the Shenley sections (K.P.,

pp. 55-8). They propose to divide the Silty beds seen at Miletree

Farm (fig. 11) into two parts, describing the upper 8 feet as 'the

tardefurcata bed,' though acknowledging that they failed to find

any palseontological evidence for the correlation {^o.^ -postea, p. 69).

I am compelled to dissent from this interpi'etation, since, as pre-

viously mentioned (p. 21), I have been unable to find a single

nodule of the Basement-bed type in the Silty beds. The only

nodules that they have yielded to my search are of the sandy
ferruginous type (probably once pyritous), and of the tabular clay-

stone type, both peculiar to these beds and quite different from the

gritty phosphatic concretions. It is true that at Miletree Farm
and elsewhere one can occasionally see, beneath the iron -grit breccia,

small hollows of erosion scooped out of the Silty beds and filled in

with the gritty glauconitic loam of the Basement beds, in which are

embedded a few gritty phosphatic concretions, generally of small

size ; but these clearly belong to the Basement beds, and not to the

Silts. The gritty loam of the Basement beds is the proper and
original matrix for nodules of this kind ; and the same association

of matrix and nodules is characteristic of the Mammillatus Beds of

the North of France (p. 58). On the other hand, the silty car-

bonaceous beds are of a type occurring in exactly the same relation-

^ Jukes-Browne postulated the existence, and traced the probable course of

this ' narrow strait or channel, through which a strong- cu.rrent ran from the
northern to the southern sea ' during the time precedent to the Gault, in
' The Building of the British Isles ' London, 2nd ed. (1892), p. 277 & pi. x

;

see also his memoir on ' The Gault & Upper Greensand ' Mem. Geol. Surv.

1900, p. 402.
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ship to the coarse sands at Aylesbury,^ and among the Lower
Greensands in other parts of England, as, for example, aromid
Ash Wicken in Xorfoik ^

; and such beds are generally, perhaps

always, devoid of phosphatic concretions, rarely yielding any fossils

except bits of plants. The composition and mode of occurrence of

these deposits are suggestive of estuarine conditions produced by
the local influx of land-waters.

In the present instance, the deposits indicate a temporary
cessation of the strong cun-ents which had heaped the Leighton
Sands into banks. The Silty beds rest sharph' on an eroded and
somewhat undulating surface of these sands, and appear, from their

rapid variation in thickness, to have filled up the broader hollows

between the banks. They are confined to an area lying north of

a north-west and south-east line drawn from the northern end of

the village of Heath ^ to the Shenley Hill pits ; and, although
their present termination along this line is irregular, and has to

some extent been determined by the renewed erosion which preceded

and accompanied the formation of the Basement beds, there are

clear indications that the southward limit of their original basin of

accumulation lay in this neighbourhood. This limit approximately

coincides with the crest of the low arch of the Gault and its

Basement beds above-described ; and it is along this axis that all

the beds undergo the changes in composition and structure which
have lent so much interest to the exposures.

The core of the belt is composed of cross-bedded ' Silver Sand,'

which appears here to have been heaped up in a long bank or plexus

of banks forming a shoal, with deeper Avater on both sides, the

depression on the northern side being subsequently filled in by the

Silty beds.

It is all along the top of this old shoal that the patches of

induration occur, by which the upper part of the Sands is converted

in places into massive bosses of iron -grit and quartzite. this con-

dition being prevalent in the pits ranging from Miletree (fig. 10)

on the east, through Nine Acre (figs. 7, 8) and Garside's (fig. 4)

to the old Heath House pit (p. 29) on the west (see map, fig. 1,

p. 2). In discussing this peculiar induration in onr previous

paper (L.W., pp). 240-41). we showed that it must have been

efi:ected, in part at any rate, before the deposition of the Gault, as

the breccia below the Gault was composed principally of waterworn

fragrments of this material, some encrusted with adherent ovsters

and serpulte. The conclusion has been confirmed by all my later

^ A. M. Davies, ' Contribiitions to the Geology of the Thame Yalley,' Proc.

Geol. Assoc, vol. xvi (1899) p. 49. See also ' Special Reports on the jNIineral

Hesources of Great Britain, vol. vi, Refractory Materials. &c.' Mem. Geol.

Surv. 1911. p. 180.
2 ' Geology of the Borders of the Wash ' Mem. GeoL Sui-r. 1899, pp. 17-18.
2 Besides the sections dealt with in § II, the Silty beds are seen to a

depth of 6 or 7 feet at the top of a big sandpit (' Stone Lane pit ') 700 yards

north-north-east of Claridge's pit (fig. 15) or 250 yards beyond the northern

border of the sketch-map (fig. 1), at the turn of the road leading from Reach
to Woburn ; they form the capping of a deep section in the coarse Sands.
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observations, particularly by the new facts disclosed in Grarside's

pit. as already described (pp. 10-13) and the similar features

displayed in the Nine Acre and Miletree pits (pp. 16-19). It is

significant that this massive induration should occur mainly in the

neighbourhood of the bomidarj^ of the Silty beds ; and it is at least

probable that the mineralizing solutions may have been derived in

the first instance from the mixed and unstable materials of these

beds. In shallow-water deposits of this type, if a slight elevation

€nsued after their deposition, so that they were brought under the

influence of weathering, the waters percolating from the surface

would become charged, as they still often are, with mineral matter

in solution, wdiich might be redeposited in the cleaner beds below.

But whatever may have been the cause of the induration, we can

see from the sections that it had become effective at an early date;

so that when, by another change of conditions, there was a sharp

renewal of current-action on the shoal, and possibly wave-action

also, during the stages ushering in the great marine transgression

of Upper Cretaceous times, the old sand-banks yielded very

unequally to the attack. The shoal, protected by its irregular

capping of iron-grit, was scoured into crags and rocky ledges, which
were undermined along their edges, and broken down into a breccia,

but continued to persist in patches as a dissected reef, until, with
the deepening of the water, the severity of the attack died down
and passed gradually into the tranquil conditions required for the

deposition of the Gault clays. In the sketch-map (fig. 1, p. 2)
the cross-road from Heath past Shenley House to Clipstone runs

nearly along the southern margin of the old reef.

It has already been pointed out how closely this sequence of

•events agrees with that occurring during the same period in North-
Eastern France, where the floors of Paleozoic and Mesozoic strata

underlying the Upper Cretaceous rocks have been similarly scoured

and guttered. 1 The conditions are also repeated, on a modified

scale, at the base of the Ked Chalk along the western edge of the

Yorkshire Wolds (see p. 64).

The Basement beds (3).—The difficulties and misunder-
standing which have arisen in respect of the correlation and classi-

fication of the peculiar and variable beds immediately underlying

the Gault clays in the sections described, have been caused mainly
by the difference between the aspect of these beds in the Grovebury
sections and in the Shenley and other sections about 2 miles farther

north. This difference, however, is now bridged by the association

of the two separate types of deposit in the intermediate section

at Chamberlain Barn pit ; and my original surmise as to the

relationship of the tj^pes ^ is justified. The difference is mainly
due to the persistence, for some time, of shoal-water and reef-

' See footnote and reference, ante, p. 18 : also C. Barrois, ' Terrain Cretac^

des Ardennes, &c.' Ann. See. Geol. Nord, vol. v (1878) pp. 278-80.
2 Proc. Geol. Assoc, vol. xxvi (1915) p. 310.
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conditions on the north and of deeper water with strong and steady

currents on the south ; and it must be remembered that a distance-

of 2 miles at right angles to the trend of a coast-line gives ample
space for great A^ariation in the character of marine sediments.

About the beds of the Grovebmy type, there is no question. la
their position, lithological characters, and fossil contents, they are

recognizable with certainty as the equivalents of the ' Mammil-
latus Beds ' of English and French geologists. These beds are

everywhere notoriously variable, and their exceptionally Avide

exposure in these sections affords an unusual opportunitj' for-

studvinsr them in detail. The beds are of aboat the same thick-

ness as at Folkestone, but preserve, in their well-distributed

nodules, a somewhat fuller, though still imperfect, record of the

life of the period, agi-eeing more nearly in this and other respects,

with their equivalents in the ]Ss"orth of France, particularly in the

region of the Ai'gonne. At Folkestone, the fossiliferous phos-

phatic nodules are almost entirel}' confined to one band, in which
they have been segregated into clusters,^ and the accompany-
ing glauconitic sandy deposits contain scarcely any fossils. At
Leighton, although again it is unusual to find anything preserved

in the glauconitic matrix, the phosphatic nodules stud the beds at

all levels, and contain a wider range of fossils. It is clear that the

phosphatic concretions have been formed in a matrix like that

which now surrounds them ; but they often show" traces of sub-

marine corrosion and wear, indicating that they have lain exj)osed

at times on the sea-floor. They were formed quickly enough to

enclose in a fresh state the organic relics which lay on the sea-

floor, nearly all of which have perished utterly where not thus en-

closed. All the circumstances imply a lengthy period of very slow

deposition, with bottom-currents strong enough at times to disturb

and winnow the sea-floor, but not strong enough to sweep away
the nodules.

The resemblance of these nodules to the coquins de sable
occurring, sometimes segregated into a band and sometimes

scattered, in the Mammillatus Beds of the Argonne is remarkably

close; as may be judged from the following extracts from the

description of the French sections by Prof. C. Barrois ^ :
—

' Ces nodules, appeles coquins par les habitants du pays, ont la forme de

rognons arrondis, tuberculeux, ils sont compacts, noiratres, et d'une couleur

generalement plus foncee a I'mterieur qu'a la surface. . . . ces nodules sont

rarement homogenes, ils sont penetres et soiivent reconverts a la sui'face de

^os grains de quartz, de glauconie Les ouTriers distinguent parfaite-

ment ces nodules qu'ils appellent coquins de sable, des nodules de la gaize

qu'ils appellent coquins riches' :

—

And it may be remarked here that at Leighton a corresponding-

^ See my notes on the Copt Point (Folkestone) section in Jukes-Bro"vvne"s.

pre-vioiTsly cited memoir on the Gault, &c. (Mem. Geol. Surr.) p. 73.
" ' Sur le Terrain Cretace des Ardennes & des Regions voisines ' Ann. Soc^

Geol. Nord, vol. v (1878) p. 277.
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difference exists between the ' Mammillatus ' nodules and those at

the base of the Upper Gault.

Prof. Barrois's comments ^ on the manner of occurrence of the

nodules are also very apposite. Keferring to the segregated,

nodules at the top of the Mammillatus Beds, he writes :

—

' Les lits qu'ils forment aujourd'hui dans ces sables ne sont pas d'origine

premiere ; ces nodules ont pris naissance isolement dans le depot des sables,

puis des affouillements locaux et sous-marins ont dcchausse en divers points

ces nodules, ont enlevo le sable qui les empatait et laisse sur place sans les

rouler les nodules et les fossiles trop lourds pour etre enleves. En un mot, je

crois les lits de nodules de phosphate de chaux (coquins de sable),,

remanies sur place, et independamment les uns des autres -.

' [and, after-

fig-uring- and describing examples, he adds] ' on doit croire ici a un remanie-
ment sur place ; c'est-a-dire, a I'enlevement des parties tenues argilo-sableuses

et a I'accumulation consoquente des nodules plus lourds.'

The same conclusion with res^ard to the mode of accumulation'

of the Cretaceous phosphatic nodule-beds has been expressed by
many English investigators.^ Yet, in spite of all, one often still

finds that such nodules are postulated to be ' derivative ' or ' derived

pebbles ' as a matter of course, particularly if their fossil-contents

happen not to agree with palseontological preconceptions. The-

possibility of the nodules becoming derivative pebbles is obvious,,

though their material is not of a kind to sustain much hard wear ;

but the weight of existing evidence demands that they should be-

assumed to be in place, or, at least, 'remanies sur place,' unless

the contrary can be proved; and not vice versa.

It has long been recognized that phosphatic nodules are indica-

tive of slow sedimentation (see ante, p. 9) ; and if there has

been, in addition, a repeated washing-awa}^ of their matrix, with
resultant concentration of the nodules, we may expect to find, as

we generally do find, that the organic relics contained within

narrow bounds represent a condensed fauna which elsewhere may
tenant a great thickness of sediments of another type. The nodule-

bearing Mammillatus Beds of the North of France are represented

in North Germany by a fuller sequence which is capable of sub-

division, and the later German investigators, on the strength of

this, have thrown aside the French classification, and have adopted
a new scheme of zones. In their general scheme our Upper and
Lower Gault become 'Upper Gault'; our Mammillatus Beds
become the upper part of the ' Middle Gault,' with a lower part not

yet recognized in this countr}^ ; and most of our Lower Greensand

1 Ann. Soc. Geol. Nord, vol. v (1878) p. 278.
" As, for example, F. G. H. Price, ' The Gault ' 1879, p. 9 ; and ' Probable

Depth of the Gault Sea ' Proc. Geol. Assoc, vol. iv (1875) p. 269. A. J. Jukes-

Browne, 'The Cambridge Gault & Greensand' Q. J. G. S. vol. xxxi (1875)

p. 282
;
(with W. Hill) ' The Lower Part of the Upper Cretaceous Series in

West Suffolk, &c.' Ibid, vol. xliii (1887) p. 572; and 'The Gault & Upper
Greensand ' Mem. Geol. Surv. 1900, p. 428. G. W. Lamplugh, ' On .... the

Speeton Clay' Q. J. G. S. vol. xlv (1889) pp. 584, 588; 'The Speeton Series

in Yorkshire & Lincolnshire ' Ihid. vol. lii (1896) pp. 195-99 ;
' Lower

Cretaceous Phosphatic Beds, &c.' Geol. Mag. 1904, p. 551, and Eep. Brit.

Assoc. 1904, p. 548.
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becomes ' Lower Gault '
^

; while in the new zonal scheme the

Mammillatus Zone is divided between an upper ' Zone of Ley-
QnerieUa regularh'' and a lower 'Zone of Leymeriella icirclefurcata.''

Both zonal ammonites are common in the Mammillatus Beds of

Northern France, and both have now been found also in the

equivalent beds around Leighton Buzzard, i. reguJaris being

indeed the most plentiful (or rather, least rare) ammonite of these

beds.

Ignoring the old term ' Mammillatus Beds,' Dr. Kitchin &
Mr. Pringle have termed the Leighton deposits ' the iardefurcata-

beds,' which seems to me to be at once unnecessary and unjusti-

fiable, since this is the name of the lower Grerman zone only,

whereas both ammonites are present and, so far as we yet know,
are inseparable, as in France. There is really no excuse for intro-

ducing this complexit}^ when the old term, with which we have

become familiar, fits the case more conyeniently.

The discovery of these species at Leighton appears to be their

fh'st definite localization in England, though tardefurcata has

been yaguely referred to as occurring in our country.

^

The term ' condensed beds ' might be usefully applied, in a com-
parative sense, to deposits of this type-^; and it is evident that

such beds cannot be subjected to the same refinement of subdivision

as the synchronous deposits of greater thickness and more regular

sedimentation. As we shall see, not onh" the Mammillatus Beds,

but the whole of the Lower Grault is more or less ' condensed ' in

this region, as it is also in many parts of the North of France, with

the natural result that the succession of zones traceable in it at

Folkestone has been found inapplicable here.*^

The big concretionary lumps which occur at the very top of the

^ E. Stolley, 'Die GliederuDg der Norddeutschen Unteren Kreide ' Central-

blatt fiir Min. &c. 1908, pp. 243-47 (note also Ms remarks on French, and
other nomenclature, pp. 247-50) ; and, later, E. Stolley ' Beitrage zur Kenntnis
der Cephalopoden der Norddeutschen Unteren Kreide ... 1. Die Belemniten
des Norddeutschen Ganlts (Aptiens & Albiens) ' Geol. Palseont. Abhandl.
n. s. vol. X (1911) p. 20 ; this classification is reproduced, with slight modifica-

tions, by "\Y. Kilian in ' Lethaea Geognostica,' pt. 2, yoI. iii, " Kreide,' sect. 1,

' Unterkreide,^ 3te Lief. 1913, p. 327.
^ C. Jacob ('Etude sur quelques Ammonites du Cretace Moyen ' Mem. Soc.

Geol. Erance, Palffiont. No. 38, 1907), in his description of Leymeriella tarde-

furcata, remarks :
' Cette espece est generalement abondante dans toutes les

localites ou Ton trouve la zone de TAlbien qu'elle caractirise : Angleterre,

Bassin de Paris, Allemagne, Jura, Alpes francaises et suisses, etc'
"^ J. E. Blake would have included some of these ' condensed beds ' under

his term ' Aggregate Deposits ' (see his acute and suggestive paper ' On
Aggregate Deposits & their Relations to Zones ' Geol. Mag. 1898, pp. 481-88)

;

but he defines his term as essentially imphnng lateral transportation, ' the

etymology of the word connoting only the assemblage of materials that have
been moved horizontally, like a flock of sheep, over the surface of the ground

'

(p. 484). By the term ' condensed deposit ' I wish to express the idea of the

heavier materials on the sea-floor having been let down vertically without
much lateral shift. The same idea is conveyed by Barrois's term ' remanies
sur place.'

^ A. J. Jukes-Browne, ' Gault, &c.' Mem. Geol. Surv. supra cit. pp. 45, G9.
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Sands immediately below the Mammillatus beds at Grrovebmy
(fig. 17), Chamberlain Barn (fig. 16), and in one or two places at

Nine Acre are quite different in aspect from the fossiliferous

nodules of the ovei'hdng beds, and have as yet yielded no fossils,

whatever, except some vague tubular markings. They are generally

composed internally of a dense smooth phosphate, pale buff,,

dee^Dening centrally to dark grey or blackish, but often mottled

with crimson patches, while outwardl}" they merge without definite

boundarj^ into their sandy matrix. They may represent only the

effect of phosphatizing solutions percolating into the sands from
the overlying beds ; but in some places, particularly in the section

shown in fig. 17, they appear to form a distinct band, separable-

from the beds above and below. They are only seen where the top
of the Sands has been protected from weathering b}"" a fairly thick

cover of Basement beds, with which they are certainly in some way
connected. When they first made their appearance, some years-

ago, in the Grovebury sections, I thought that they might prove

to be the local equivalents of the Shenle}^ limestone-len tides, but
in the absence of fossils no such proof is forthcoming.

The ferruginous components, so conspicuous in the Basement
beds farther north, are represented at Grovebuiy onh^ by occasional

waterworn Hat fragments of iron-grit (the largest to come under

my observation being 6 inches in diameter), presumably derived

from the shoal on the north, and by a few small iron boxstones.

and thin wisps of imperfect ferricrete. These are the final indi-

cations of the fading-out of the breccia.

The correlation of the Grovebury and Chamberlain Barn sections,

is beyond question (figs. 17 & 16). The pronounced breccia-band in

the latter marks the closer proximity of the shoal-reef, and proves

its pre-existence and sharp erosion during an early stage in the

accumulation of the nodule-beds. The large slabs of iron-grit

and other detrital material of the breccia are set in a matrix of
gritty glauconitic loam indistinguishable from that of the over-

lying beds, and phosphatic nodules occur occasionally in the breccia

as well as above it. The patches of calcrete and the iron box-

stones are further indications of its approach to the condition of

the irongrit-breccia of Shenley, and the only marked difference is

the absence of unbroken tabular iron-pan. All the circumstances,

point to the coarse material having travelled down the sloping

floor of the sea from no great distance, and having come to rest in

deeper water. Just as the Grovebuiy type of deposit has its;

closest lithological analogue in the Mammillatus Beds of the-

Argonne, so the breccia-band of this and other sections has its

nearest physical analogue in the ' Tourtias ' of the Flanders,

country, these ' Tourtias,' as their investigators have long recog-

nized, marking a condition of accumulation and not a fixed time.

From the Chamberlain Barn section we pass to the old south-

western working at Shenley (Garside's pit, figs. 4 & 12, pp. 11 &
22) about 1100 yards distant, and find here a cleaner calcareous-

glauconitic sand, devoid of large nodules, with a strong 'pan '-bound.
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breccia at its base, banked around the crags and upon the slopes of

the ]'eef. It has been argued that the sand here is Upper Greensand
in an inverted position, but every feature of the section tells against

the supposition. The peculiar breccia, so unlike any other deposit

".known in the district, is unquestionably linked with that of

'Chamberlain Barn, known to lie at the bottom, of fossiliferous

Mammillatus beds ; and the difference in the composition of the

beds above it is no more than these inherently variable beds display

from place to place in other sections. In this particular instance

the reason for the difference is not far to seek, as the section shows
that the sand was accumulated among the crags on the side of the

reef, and presumably was thus sheltered from the full sweep of

the currents. The calcareous particles mixed with the sand denote

-the wastage of the neighbouring shell-bank, probably already

partl}^ consolidated. It is possible that some of the sand at this

ispot may be equivalent in time to some of the lowest Grault clays

of the deeper-water areas, but it is certainly older than the clays

of the immediate neighbourhood, and may be placed most con-

"veiiiently, as a whole, in the Mammillatus Zone.

In the Grarside's-pit section we reach the margin of the area in

which the fossiliferous limestone occurs, and the beds of the Grove-

bury type are wanting or found only in hollows and pockets.

'The description of the limestone and its concomitants in our

jjrevious paper has stood the test of all my later observations, and
needs no modification in any essential. The conclusions as to its

stratigraphical position and mode of origin have been strengthened

by the new evidence, and it w^ill be shoMai (in § V) that the

Tecently-urged palaeontological argument for a hypothetical in-

version of the beds in relation to the Gault has no foundation in

fact. The discovery of 'Ammonites regularis' and 'A. cf. beudanti'

in the limestone (p. 47) along with some other fossils, has afforded

;a palaeontological link with the Grovebury type of Basement beds,

while its stratigraphical association with the same beds is now
established by the new Chamberlain Barn section and that at

:Southcott. In our previous discussion we suggested that the

Shenlev fauna mio-ht be somewhat older than that of the Mammil-
latus Bed of Folkestone. It is now apparent, however, that the bed

at Folkestone does not represent the whole Zone ; and the Shenley

limestone should fall within the Mammillatus Zone in the broader

sense. I p^ave reason, in the same discussion, for holding that the

English Mammillatus beds should be retained in the Lower
Greensand, their original classification, on the grounds of priority

and of stratigraphical convenience^ ; but, as then stated, I regard

these matters of conventional classification as of secondary con-

^ It will be noticed that, iu his account of the Long Crendon section (quoted

on p. 41), Jukes-Browne classed the thin ferruginous beds below the Gault

as ' Lower Greensand,' on stratigraphical grounds ; but, if he had been aware
that they contained fossils linking them with the Mammillatus beds, he

would have united them with the Gault as ' Upper Cretaceous,' since he

.adhered to the French classification of the Mammillatus Zone.
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:sequence if the actual sequence be not prejudiced by them. The
French geologists always class the Mammillatus Zone with the

Grault as Albien, therefore Upper Cretaceous ; the German authori-

ties, as mentioned above, place the zone in the Middle Gault, and

carry the whole of the Grault into the Lower Cretaceous.

It is unfortunate that the opportunities for studying the fossili-

ierous limestone have become very restricted, and are likely before

long to be lost altogether. The rock is onh?- preserved in an

unweathered condition where the cover of Gault is thick, which
implies costly working to reach the Silver Sand, particularly as

i}lie limestone and its associated irongrit-breccia and loamy beds

have also to be removed as ' spoil.' The sporadic distribution of

the lenticles adds a further element of uncertainty ; hence a visitor

to the section can no longer count upon the probability of finding

the bed exposed. On the other hand, the range of sections

exhibiting the irongrit-breccia has been greatly enlarged since our

former communication, and the opportunities for examining it are

being constantly extended, while the recent appearance of a small

lenticle of the limestone in the breccia at Poplars pit shows that

any of these sections may make further disclosures of the rock.

Sufficient information respecting the local peculiarities of the

breccia and its continuity over the northern area has been given in

the preceding sections and descriptions ; the occurrence of a similar

band at the same horizon many miles away to the west, at Little-

worth and Long Crendon, has also been described (pp. 39-44) ; and
it remains only to discuss the general bearing of the facts. By
Dr. Kitchin & Mr. Pringle the band has been termed ' Basal bed
of the Upper Gault,' on the supposition that there is a sharp

overlap of the Upper Gault onto the Lower Greensand in the

Shenley area ; their opinion depends upon their interpretation of

the Gault sections, with which I cannot agree, for reasons presently

to be stated. The period of formation of the iron-grit 'pans ' has

also been brought into question by the same writers, who claim

that those which enclose the limestone must be of post-Glacial

date, a necessary corollary to their opinion that the limestone has

been transported to its present position by Glacial agency. We
will consider the evidence on this point first.

Since the larger fragments in the breccia consist almost entirely

of flat pieces of iron -grit, more or less waterworn, and occasionally

encrusted with marine organisms (L. W., p. 241), it is certain

that some of this material was in existence in practically its

present condition when the breccia was formed. The fragments,

like the still-continuous ' pans,' show wide variation in texture and
composition, ranging from an almost pure dense iron-ore (hematite)

to a coarse grit with comparatively little iron ; and the implication

that the fragments have been derived from the breaking-down of

pans similar to those still unbroken is borne out by sections (as,

for example, figs. 7, 8, & 10) in which stages of the process of dis-

ruption are visible, and by others (figs. 4, 8, 9, & 10) in which the

•contemporaneous existence of ironstone crags is proved. The
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evidence of scouring and abrasion, to be noted on the upper surface

of the top pan wherever it has remained unbroken, also shows that

this la3'er was in existence as a hard bed before the covering strata

Avere deposited. Most of these points Avere duly noted in our
previous communication, and all have been contirmed by later

obserA^ations. That there maA" have been further seo-reo'ation of

ii'on resulting from the Aveathering of the deposits in comparatiA^ely

recent times also receiA^ed early consideration (L. W., p. 240), and
more Avas then assigned to it than the later eA'idence indicates as

probable. The main effect of recent weathering appears to have
tended toAvards the decomposition of all except the more stable coiu-

ponents of the breccia, and not to the induration of any part of it.

Some of the patchy ferruginous discoloration of the highly porous

Silver Sand probably marks the com*se of the iron-solutions per-

colating from decomposing breccia in late times.

It is remarkable that this condition of iron-concentration is

exhibited in almost all the shalloAV-Avater deposits accumulated in

this country towards the end of LoAver Cretaceous times and during

the early stages of the Uj)per Cretaceous transgression. Thus, in

the Isle of Wight, A\^e find at this horizon the Carstone or Fer-

ruginous Sands ^
; in West Sussex, the crimson grit—a thin band

of hard ferricrete ~ ; in the Yale of AVardour and other parts of

Wiltshire, gritty ferruginous beds ^ ; in Oxfordshire, the Hurst-
Hill and Boar's- Hill Sands ^; in Norfolk and Lincolnshire, the

Carstone ^ ; in Yorkshire, at the Avestern edge of the Chalk Wolds,
patches of ferruginous sand, and, AA^here these are absent, an iron-

stone breccia in the attenuated Bed Chalk. ^ It has been obserA^ed

in all these cases that the ferruginous beds hang in stratigraphical

continuity with the overlying Upper Ci'etaceous rocks, but have
usually a sharp and sometimes transgressive basement."^ Like the

Tourtias of Flanders, they are evidently not strictly synchronous in

separate districts, but mark a condition of the encroaching shallow

sea, Avhen the land Avas only in part submerged and still yielded

much Avaste to the current-swept channels and straits which were
gradually expanding around its remnants. In some cases the

present aspect of the beds may be due to the decomposition of

original sjlauconite long after theu' accumulation ; but often it can

The following' references migtit be greatly expanded, but Tvill serve as

g'eneral indications to the literature :

—

i ' Geology of tbe Isle of Wight ' Mem. Geol. Surv. 2nd ed. (1889) pp. 52-59.
2 'Geology of the Country near Chichester' Ibid. 1903, pp. 12, 16.

3 'Cretaceous Rocks, &c. vol. i—Gatilt & Upper Greensand' Ibid. 1900,

p. 228 : and ' Geology of the Country South & East of Devizes ' Ibid. 1905,

pp. 8-12.
•* ' Geology of the Country around Oxford' Ibid. 1908, pp. 75-78.
° A. Strahan, 'On the Lincolnshire Carstone' Q. J. G. S. voL xlii (1886)

pp. 486-92.
^ ' Geology of the Country North-East of York & South of Malton ' Mem.

Geol. Surv. 1884, pp. 25-26 ; and ' Special Reports on Mineral Resources, &c.

Tol. xii: Iron Ores (contd.)—Bedded Ores, &c ' Ibid. 1920, pp. 207, 208.
'' A. Strahan, op. supra cit. pp. 489-90, and ' Geology of the Isle of Wig-ht'

op. supra cit. p. 53.
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be proved that their ferruginous condition was attained before they

were covered by the newer sediments. In several instances it may
be surmised with probability that the beds were originally giau-

conitic, and that the decay of this constituent was brought about

not long after their deposition, by some physical change by which

the material was exposed to weathering agencies. It is likely

enough that slight oscillations accompanied the general downward
movement of the period, and that the shoals and sand-banks of the

shallow sea may at times have been raised above low tide, if not

above all tides. ^ The iron-pan and breccia above the Shenley shoal

suggest conditions of the lateritic type, possibly in operation above

or between tide-marks, or in very shallow water. I am not qualified

to speculate upon the chemical history of the processes ; but an

examination of the structures in the held shows clearly enough
that the iron-pan has been produced, not directly as a precipitate

or sediment, but by the replacement of some constituents of

an existing deposit and the cementation of the rest. All the evi-

dence goes to show that it was in practically its present condition

before the clays of the Grault were laid down, and that, wherever

it remained unbroken, it protected the beds beneath it from the

scour of the currents which sw^ept the strait until well into Gault

times.

During this heavy scour no sediment could lodge on the bare

smooth ironclad surface of the reef ; consequently we find that the

glauconitic sands wedge out on its flanks (fig. 12, p. 22) and that

the gritty glauconitic loams, etc., with their phosphatic nodules,

are preserved only in the hollows and gullies by which the edge of

the reef is broken, and in the tract on the south where the water

was deeper. Fortunately, the lenticles of limestone on the top of

the reef afford us a glimpse of its fauna at the beginning of these

events, a fauna consisting for the greater part of forms adapted

for rocky ground, such as the anchoring brachiopoda and the usual

moUusca, echinoderms, and crustaceans of the ' reef-facies ' ; but,

after this, the sequence is locally broken until the waters above

the shoal became deep enough and still enough to allow a cla}^-

mantle to be spread over it.

The Grault Clays (4 & 5).—Having supposed that the Gault

of the district, as a whole, had been already fairly well elucidated

by the work of previous observers, particularly of Jukes-Browne &
Hill, 2 I have not, until recently, devoted much attention to any
except its lower portion. However, in consequence of the statement

^ Many features of these Basement beds have their analogues in the
ferruginous Dogger at the base of the Oolites in Yorkshire, which shows the

same local variability on a bigger scale, the same association and changes
between ferruginous and phosphatic-nodular beds, the same ' Tourtia '-like

conditions in its relation to the underlying strata, and similar palaeontological

evidence for ' condensed ' deposition. The patchy local concentration of iron-

ore in the Dogger, though on a much larger scale, is also comparable.
2 ' The Gault & Upper Greensand ' Mem. Geol. Surv. 1900, chaps, xix & xx.

. J. G. S. No. 309. F
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of Dr. Kitchin & Mr. Pringle that the Upper Grault alone is

present m sections north of Leighton, and that the irongrit-breccia

accompanies this division only, it has been necessary for nie during

the past year to re-examine as much of the Gault in the neighbom--

hood as is accessible. The investigation has convinced me that

the Lower Grault is continuous over the whole area, and is succeeded

conformably by the Upper Gault, but with a long jDause in the

sedimentation, marked by a band of phosphatic nodules, at or near

the base of the Upper Grault.

Leaving controversial points for later discussion (pp. 70, 78), I

will bj-iefly review the featm-es of the Lower Grault as exhibited

in the sections. Takinor the incomins^ of ' Inoceramus sulcatus ' in

association with ' Ammonites rosti-atus ' as their upper boundary,

the Lower clays (excluding the Mamm iliatus beds) appear in this

neighbourhood rarely to exceed 15 feet in thickness, and may in

places diminish to 10 feet, as compared with their 27 or 28 feet at

Folkestone. This diminished thickness is maintained for a con-

siderable distance southwards, judging from the descrij^tion by
Jukes-Browne of a boring at Slapton Lock, 3 miles south of

Leighton, in which we read^ :

—

' It would appear that tliere is a 110(11116-1)6(1 atont 10 feet from the base of

the Granlt; among the fossils preserred I identified the following, Ammonites
interruptus. Am. cristatus, Am. rostratus. Am. varicosus (?), Inoceramv.s

sulcatus, Inoc. concentricus, Taoc. tenuis (?)'

—a similar assemblage to that which the same investigator collected

from the nodule-bed in the Heath brickyard (p. 27), and to that

of the equivalent nodule-bed at Harris's pit (p. 7).

This reduction of the Lower Gault as we approach the shelving

coast-line of the period has its exact counterpart in the Xoi-th of

Urance where, at Wissant, its thickness is only 16 feet (with

2 feet of basement Mamm iliatus beds below, almost exactly as

at Shenley) and still less in the counti\vto the east, but expands to

over 30 feet in the Ai-gonne region, and to over 100 feet in. parts

of the departments of Marne, Haute Mame, and Aube ; remaining

thi'ouorhout its ransre, however, alwavs very much thinner than the

Upper Gault.-

The sections afford a reasonable explanation for the thinness of

the Lower Gault in the Leighton district. Everywhere, except on

^ Op. supra cit. ^Jem. Geol. Snrv. p. 279 : the anthors. however, did not

recognize that the Lower Gmnlt was comprised in the clays below the nodule-

bed, and thought, with som.e misgivings, that it must include some higher

clay or marl. In their conjectural classification of another boring, at Gubble-

cote, 6 miles south of Leighton, they allow 145 feet to the Lower Gault

:

but I suspect that they should have confined it to the 22 feet of ' dark

brownish clay, becoming sandy and glauconitic below ' which has a ' layer of

phosphatic nodules ' above it, and has beneath it. 3 feet of ' blue sandy clay

with phosphatic nodules at the base' (ihid. p. 282).
^ C. Barrois ' Sur le Gault dans le Bassin de Paris ' Ann. Soc. Geol. Xord.

vol. ii (187-5) pp. 1-61 ; and ' Terrain Cretace des Ardennes " Ihid. vol. v

(1878) pp. 227-487; A. J. Jukes-Browne, 'The Gault & Upper Greensand'
Mem. Geol. Surr. 1900, chap, xxs-ii.
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the eminences capped by smooth iron-pan, the bottom layers o£

clay (4 a), for several inclies up, are sprinkled with coarse grit and
small pebbles ranging up to the size of peas, which denote the

continuance of current-action, less forceful indeed than during

the accumulation of the underlying Basement bed, but yet strong

enough to retard the sedimentation of clayey matter. Consequently

these few inches of gritty clay, usually quite unfossiliferous, may
represent a time-equivalent as long as, or longer than, that of the

10-ft. ' i?tterru^tus-hedi'' (Price's I) of Folkestone; and their

absence on the knoll-tops may indicate the lapse of the same period

without sedimentation. In the overl^dng gritless clays (4), the

presence of strings of undisturbed brown-coated phosphatic nodules

is still indicative of slow sedimentation, and the scantiness and
crushed condition of the fossils point the same way, as most organic

remains require quick burial for their preservation. So far as

the scanty fossil-evidence goes, these gritless clays probably repre-

sent, more or less imperfectly, Beds II to VI of Price's Folkestone

classification ; but it is hardly likely that all the Folkestone sub-

divisions can be separatelj^ distinguished in this condensed

sequence, just as it has been found impracticable in the similarly-

condensed sequence of the North of France. As in France, too,

' Belemnites minimus ' is the most abundant fossil of the beds, and
is rare or absent in most of the Upper Gault.

Besides this deficiency towards its base, the Lower Gault shows
also an arrest of development at its top, which must have had a

further effect in reducing its thickness, though at this horizon the

Folkestone section has suffered similarl}^, as Price has impressively

shown. 1^ The phosphatic nodule-bed exposed near the top of

Harris's pit (fig. 3, p. 7), and less clearly in evidence in other

sections, has its equivalent, as already shown (p. 9), at approxi-

mately the same horizon at Folkestone (Price's Bed VIII, 'the

Junction-bed'), where identical conditions are implied. It is likely

enough, however, that these conditions were not absolutely syn-

chronous in two spots so far apart, as their belt of impact probably

moved from place to place under the inflaence of the progressive

changes. The ' compound ' character of the nodules and the way in

which many have been abraded, and scarred by adherent organisms,

while others are comparatively intact, afford proof of original slow

deposition, of subsequent winnowing-away of the matrix, perhaps

more than once, and of time for the regrowth of concretionary

matter around the old nuclei. We are, in short, dealing with a
' condensed deposit

'
; and the assemblage of fossils found elsewhere

at separate levels, first commented on by Jukes-Browne, ^ is thus

to be accounted for. The mixture appears to be somewhat greater

than at Folkestone, which may imply either an earlier beginning
and longer persistence of the conditions, or the winnowing-away

^ ' The Gault ' op. supra cit. p. 9.

^ 'The Gault & Upper Greensand ' Mem. Geol. Surv. 1900, pp. 275, 278,
235.

r2
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of a greater thickness o£ clay. The fossils of the nodules include

man}' that are characteristic of the lower part of the Upper Grault

;

therefore, as at Folkestone, it is a convenient ' Junction-bed ' for

the subdivisions.

It is particularly to be noted that no extraneous pebbles have
been found in this nodule-bed. Indeed, its clay-matrix is not even
gritty; and the condition and position of the ammonite-casts
mentioned in the earlier part of this paper (footnote, p. 9),
together -with the very variable size and shape of the nodules,

afford further proof that the sea-currents at this stage were too

weak to shift any heav}^ material.

The absence of pebbly matter and of any fragments of iron-grit

marks the sharp difference between this bed and the Basement-bed of

the Lower Grault. In no part of the district, nor indeed elsewhere

in England, so far as I am aware, has any bed resembling the
irongrit-breccia been found intercalated between the Upper and
the Lower Grault.

The higher part of the Upper Gault requires no discussion in

this paper. So far as seen, it is quite different in aspect and fossils

from the cla^-s with which I have dealt (see p. 37).

V. DlSCUSSIOlS^ OE THE ' OyEETTJEN ' HYPOTHESIS.

I niay now, before concluding, enter into a pai'ticular consider-

ation of the points of issue raised b}^ Dr. Kitchin & Mr. Pringle,

although most of these have, I think, been incidentally met and
controverted b}" the foregoing descriptions. The supposition that

the Gault, limestone, and glauconitic sand at Shenley Hill have been

inverted by Glacial action is based mainly upon a palseontological

argument, to explain the presence of some fossils in the limestone,

that were not previously known to occur below the English Gault.

The anomalous character of the fossil-assemblage in this respect

was duly discussed and, I think, adequately explained in our

previous paper ; but our explanation has been set aside. In support

of their palseontological argument, Dr. Kitchin & Mr. Pringle

have brought forward some stratigraphical considerations, which I

will deal with first.

The stratigraphical argument.— Some fundamental

points telling strongly against the inversion -theory were stated in

my letter to the Geological Magazine (May 1920, pp. 234-37 )^

close upon the publication of the hypothesis. The gist of these

may be re-stated in brief as follows :—
(1) The absence of any rock resembling the peculiar Shenley limestone,

either in composition or in fossils, from any part of the outcrop above the

Gault in the Chiltern escarpment, and the entirely different character of the

known beds at this horizon.

(2) The unweathered condition of the thin cakes of limestone and of the

wedg-e of loose glauconitic sand, which are supposed to have lain at the

surface before being overturned.
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(3) The absence of any trace of Drift material along the supposed dis-

ruption-plane or in the overlying mass, and the lack of any structural

indication of Glacial distvirbance in the mass. Also the improbability that a

slab of soft Gault clay, greensand, etc., not less than 15 acres in area and
18 feet or more in thickness, could be turned over, pancake-fashion, and
dropped back onto a flat bed, without disruption or entanglement with Glacial

material,

(4) The presence of a floor of unbroken iron-pan immediately above the

limestone, with evidence that it was in the same position before the Gault

was deposited {antea, p. 63).

To these objections I may now add :

—

(5) The absence, so far as is known, of relies of similar limestone

in the Boulder Clays of the district.

(6) The presence of similar limestone, containing some similar

fossils, in a bed immediately below the Gault at Long Crendon

(p. 41) ; also at Southcott (p. 38) and Littleworth (p. 39).

(7) The extreme improbability, in view of its general arrange-

ment in the region, ^^ that the Upper Gault around Shenley Hill

was, as required by the inversion-hj'pothesis, ' little more than

40 feet in thickness' (K.P., p. 108) when the Lower Chalk was
deposited.

Next, to consider some points of detail :

—

(8) 1 am unable, for reasons previously stated (p. 55), to

accept the statements (I) that the upper part of Silty beds seen

at Miletree Farm [and in other pits north of Shenley Hill] is

equivalent to the so-called ' tardefurcata bed ' and contains gritty

phosphatic nodules similar to those which elsewhere have yielded

the Mammillatus-fauna, and (II) that nodules of this kind in

the overlying beds have been * derived ' from it. The Silty series

is quite different in composition, and was accumulated under
different conditions, from the gritty glauconitic loams of Grove-
bury and Chamberlain Barn in which, as in France also (p. 58),
these nodules are always found and are reasonably held to have
originated. No palaeontological evidence is adduced for the pro-

posed correlation ; indeed it is definitely stated

—

' We could not break open a sufficient number of the nodules to enable us

to obtain any of the characteristic ammonites, although a few other fossils

[not specified] were found ' (K. P. p. 55).

The unnecessary difficulties raised by the proposed correlation

affect the whole account given by Dr. Kitchin & Mr. Pringle

of the Miletree-Farm and neighbouring sections.

(9) The palaeontological argument for the assumption that the

Lower Gault is absent in the Shenley and neighbouring sections is

1 Borings south of Leighton have proved the full thickness of the Gault
to be about 230 to 250 feet, of which probably not more than 20 to 25 feet

is Lower Gault (antea, footnote, p. 6Q). See A. J. Jukes-Browne, ' The Gault
& Upper Greensand ' Mem. Geol. Surv. 1900, pp. 279, 284.
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accompanied by arguments based on the lithology, preluded by the

general statement

—

' It is a matter of surprise to us that this clay [in Harris's pit] has even

been mistaken for Lower Gault ' (K.P., p. 13).

This, however, merely expresses a personal impression, which is

not likely to be shared by anyone who examines all the exposures of

the Gault in the district, and notes the very different aspect of the

Upper Grault in the undisputed sections farther south (see p. 37).

The ' true Lower Gavilt of the district,' with which the loAver clay

of Harris's pit is unfavourably compared (K.P., p. 13) on account

of ' the absence of sand and the rarity of glauconite,' can only

refer to the 4 or 5 feet of gritty clay above the Mammillatus beds

in the Grovebmy pits, since the cla^^s of all the other sections

which- they describe are assigned by Dr. Kitchin & Mr. Pringle

to the ' Upper Gault.' But this peculiar gritty condition is

confined to the lowest bands onl}'- of the Lower clays ; it is present

all round the Shenley reef in the lowest layers of the Gault- filled

hollows, as I have shown, and is absent only on the bare top of the

reef (p. 67). So far as I can judge, the Lower clays above these

gritty layers are alike in all the exposures, with only such insigni-

ficant differences as one expects to find in passing from place to

place.

In correlating the various sections of supposed 'Upper Gault,'

Dr. Kitchin & Mr. Pringle lay great stress upon two lithological

peculiarities as proofs of age :
—

(i) ' conspicuous small white nodules (white throughout) is a point to be
' specially noted, since, owing to the rarity of fossils, the presence of these
' nodules is helpful in identifying- these beds [that is, ' Upper Gault Clay ' and
'Basal bed of Upper Gaiilt '] in other sections' (K.P., p. 57) ; and (ii) 'im
' perfectly bedded, crumbled, grey clay .... of a peculiar type .... made up
' of innumerable small pellets, which are for the most part somewhat angular
' in shape. It might be termed a finely brecciated clay' (K.P., p. 58).

So far as I can discover, the ' small white calcareous nodules ' (i)

referred to are the knots of ' race,' produced by recent Aveathering

and segregation of lime where the calcareous cl^js approach the

surface. This ' race ' is exhibited in varying quantity, usually at a

depth of 2 to 5 feet, in the top clay of most of the Gault sections,

without relation to the stratigraphical horizon ; it was plentiful

in the clay just above the Mammillatus bed in Pratt's pit at

Grovebury (p. 35), occurring also in other sections at this level

(p. 30) ; it is most abundant where the beds have been affected

by ' creep.'

The 'brecciated clay' (ii) appears to be the superficially dis-

ZY
turbed clay ( — of my sections) seen above the bedded Gault in

most places where the clay-deposits come to the surface. This

structure is the normal result of ' surface-creep ' or ' trail ' in

breaking up and incorporating soft beds in the lower part of the
' creep

'
; wherefore its supposed origin as ' the redeposited debris

resulting from the denudation of some previously formed, well-
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consolidated clay' (K.P., p. 58) may in one sense be allowed, but
not in the sense implied by the authors, who consider that the

structure is original and indicative of a definite horizon in the

Gault. In such shallow sections as those in which the ' race ' and
the brecciated structure are seen, one could hardly expect to find

soft calcareous clays of the Gault type in their original condition,

particularly on sloping ground.

The interpretation of the thin continuous band of Basement beds

around Shenley as being 'a remarkable collocation of heterochronous

elements' (K.P., p. 12), composed in part of post-Glacial iron-grit,

in part of Glacial gravel, in part of Cenomanian limestone, in part

of Upper Greensand, and in part of an Upper Gault Basement bed
containing derivative Lower Greensand fossils, is so entirely

dependent upon the palseontological argument that it requires

further consideration only from the palseontological standpoint,

which I shall now attempt.

The palseontological argument.— As bearing on the

general aspect of the fossil-evidence, we may recall that this is at

least the third time in English geology that fossiliferous beds

occurring below the Gault have been held, on palseontological

grounds, to be newer than the Gault. First, the Faringdon Sponge-

Gravels, notwithstanding previous opinion, now accepted, were

supposed by T. Davidson, i on the evidence of their brachiopoda, to

be possibly of Upper Greensand age; and by D. Sharpe,^ because

of their polyzoa, to be newer even than the English Chalk, and
probably 'Danian.' Particular stress was laid by both authors on

comparisons with the Tourtias of the Continent; but, as Caleb

Evans 2 pointed out, the argument might be legitimately reversed

by questioning the reputed age of the Tourtias—themselves of

uncertain antecedents.

Again, some 30 3^ears later, the presence of the Gault in part of

West Norfolk was challenged by C. Reid & G. Sharman,^ who
argued that the calcareous clay in question was the Chalk Marl,

mainly on the ground that

—

' not a single characteristic Gault form occurred, but that there were
several species which haye not been recorded from below the Lower Chalk,'

—

the unquestionable Gault species in a phosphatic-nodule bed at the

base of the clay being all regarded as ' derivative.' The challenge

was answered effectively by A. J. Jukes-Browne & W. Hill,^ who

1 ' Monogr. Brit. Cret. Brachiopoda ' pt. ii, p. 3, Pal. Soc. 1852.
^ ' On the Ag-e of the Fossiliferous Sands & Grravels of Faringdon & its

Neighbourhood' Q. J. G. S. vol. x (1854) pp. 176-98.
3 ' Sketch of the Geology of Fa.rringdon ' Geol. & Nat. Hist. Eepertory,

containing Proc. Geol. Assoc. No. 16, Aug. 1866, pp. 33-40.
•* ' On the so-called " Gault " of West Dereham, in Norfolk ' Geol. Mag.

1886, pp. 55-59.
5 ' Note on the Gault & Chalk Marl of West Norfolk ' Geol. Mag. 1886,

pp. 72-74 ; and ' On the Lower Part of the Upper Cretaceous Series in West
Suffolk & Norfolk ' Q. J. G. S. vol. xliii(1887) pp. 547-49 & 571-74.
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showed that the Gaiilt forms were proper to the hed and that the

clay was stratigraphically distinct from the Chalk Marl. The
bearing of tliis discussion on the present case is close, not only by
reason of the stratigraphical horizons involved, but also because

most of the fossils dealt with in the argument are species found
at Shenley, and now again brought into question : such as

—

' Inoceramus concentricus ' with ' crippsi ' and allies, ' Ostrea

vesicularis,' ' Belemnites minimus' and vars., etc.

The limestone fauna.— The argument for the ' Ceno-
manian ' age of the limestone is not based on a consideration of

the fauna as a whole, but on certain species the occurrence of

Avhich is supposed to be impossible below the Gault ; other species,

to be regarded as neutral, are not discussed ; and those which tell

distinctly against the hypothesis, if mentioned at all, are considered
' without doubt ' to be derivative. I think that it will brinsr the

matter into better j)erspective if I summarize the evidence in each

Class, and add particular comments on the species which have
been used in the argument as they come under review.

Cephalopoda.—Of the ammonites (six specimens in all), those recogniz-

able belong to two forms proper to the Mammillatus Zone and not known to

occur above it. The evidence against the supposed derivative origin of the

identified specimens has been already stated (p. 47). The belemnites (two

specimens) are probably a form of Neohiholites occurring in the same zone

(p. 47).

Gastropoda (see p. 47).—No specific identifications have been made, and
no argument raised. The assemblage will probably be found to present a
' Lower Gault ' facies, and to have its equivalents among the rich fauna of

this Class recorded from the Mammillatus Beds of Northern France.^ If there

had been any recognizable ' Cenomanian ' forms among them, I think that they
would have been mentioned in the discussion.

LameLLiBKANCHiATA (see p. 47).—Only four species received positive

determination in our original list (L.W., p. 263), and all are species known
to range downwards in the Lower Greensand, at least as low as the Hythe
Beds, and upwards into the Chalk. They happen to embrace the commonest
fossils of their Class in the limestone. Of the six more or less doubtful
determinations in om' original list, three were species not previously known
above the Lower Greensand, and the other three were known only in or above
the Gault. One of the latter, Lima glohosa, has since become a positive

determination, and will be further commented on.

Of the five or six new determinations (pp. 57-58), Inoceramus concentricus

is important in strengthening the relationship of the bed with the overlying

clays ; while Pteria pectinata, an abundant fossil at Shenley, has a wide dis-

tribution, ranging from the Hythe Beds up into the Chalk, but is commonest
in the Lower Greensand.^ These two species are not referred to by Dr.
Kitchin & Mr. Pringle, who quote the four following in support of their

argument:

—

(i) Pecten curvatus, ' which occurs in the Upper Greensand of Great Haldon
and in the Chloritic Marl ' (K.P., p. 5). Eegarding this small pecten, Mr. H.

^ See list in C. Barrois, ' Terrain Cretace des Ardennes,' Ann. Soc. Geol.

Nord, vol. V (1878), pp. 269-75.
^ H. Woods, ' Monogr. Cretac. Lamellibr.' vol. ii, pt. 2, p. 59, Pal. Soc.

1905.
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Woods notes ^ that the species, for which English material is scanty, ' closely

resembles P. striato-punctatus Romer,' a shell of wide range in the Lower
Cretaceous and doubtfully present in the Gault of Folkestone, where it is

recorded by Price as occurring in the ' Junction Bed ' VIII. "-^ The Shenley
shell may be found to correspond to the Gault form.

(ii) Cyprimeria rotomagensis, ' a species of the basal Cenomanian of Wiltshire

'

(K.P., p. 5), is, I believe, a somewhat doubtful determination. It is, at the

best, a rather featureless shell, and is usually preserved as casts. The genus
has two species in the Lower Greensand of the Isle of Wight, one of which,

C. parva, is near to this form. The known range of the genus in the English
Cretaceous rocks is from the Atherfield Beds to the Lower Chalk.^

(iii) Isoarca ohesa, ' which is not known elsewhere from below the Chloritic

Marl ' (K.P., p. 5). This species is regarded as synonymous with Tsocardia

orhigmjana A. d'Archiac, occurring in the Flemish Tourtias.'' A. J. Jukes-
Browne, in his General List of Chalk Fossils,^ marks it as ' found in

Selborniaii,' but does not include it in the ' Selbornian ' List in his previous

volume,^ where the only species mentioned is Isoarca agassizi P. & E. Pre-

suming that the identification is unquestionable, the presence of the species

at Shenley increases its hitherto known range.

(iv) Lima glohosa. Since the downward range of this fossil through the Gault
is admitted, it seems beside the mark to note that ' the type .... came from
the Chloritic Marl ' (K.P., p. 6). The Lower Chalk is the limit of its upward
range. The species is recorded by Price ' from near the bottom of the Lower
Gault (Bed II) at Folkestone. Mr. Woods ^ remarks that it ' closely resembles

Lima alhensis d'Orbigny,' a species mentioned by Prof. C. Barrois ^ as occurring

in the Mammillatus Beds as well as in the Lower Gault of the North of France.

There is nothing incongruous in the presence of Lima glohosa in the Shenley
limestone.

Dr. Kitchin & Mr. Pringle bring also into the argument two species of

small oyster, which I found in the wedge of greensand in Garside's pit

(pp. 10-12), believed by them to be inverted ' Upper Greensand.' They mention
them as 'well-developed valves of Ostrea vesimlaris Lamarck, such as are
' found in the zone of Pecten asper Lamarck ; also Ostrea canaliculata (J.

' Sowerby), a species which occurs much more commonly above the Gault than
'below it' (K.P., p. 6). But both species, believed by Woods to be allied,^^

begin their long range in the Lower Greensand, 0. canaliculata being found
as low as the Hythe Beds, so that their presence below the Gault, whenever
conditions favoured their growth, might be anticipated and certainly needs no
abstruse explanation.

On the other hand, the absence, so far as known, of the commonest
oysters of the Upper Greensand, 0. vesiculosa and Exogyra conica, is awkward
to explain on the overturn-hypothesis.

As for the limestone, if it were ' Cenomanian,' we ought to find in it some
of the commoner lamellibranchs of the period ; as, for example, Pecten asper,

P. heaveri, Lima aspera, L. elongata, Pholadomya decussata, etc. ; all, as yet,

missing.

1 Ihid. vol. i. pt. 4, p. 161 (1902).
2 ' The Gault ' p. 56.

3 H. Woods, op. cit. vol. ii, pt. 9 (1913), Tables, pp. 439, 447.
4 Ihid. vol. i, pt. 1 (1899) p. 65.
'"

' The Cretaceous Eocks : vol. iii—The Upper Chalk ' Mem. Geol. Surv.

1904, p. 477.
6 'The Cretaceous Eocks : vol. i—The Gault. &c.' Mem. Geol. Surv. 1900,

p. 467.
7 ' The Gault ' p. 54.
^ Op. supra cit. vol. ii, pt. 1 (1904) p. 17.
^ ' Terrain Cretace des Ardennes ' Ann. Soc. Geol. Nord, vol. v (1878) p. 274.

Op. supra cit. vol. ii, pt. 9 (1913) pp. 360-78.
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Bracliiopoda.—Respecting' this Class, it is first necessary for me to take
exception to an implication by Dr. Kitchin & Mr. Pringle tliat the late

J. F. Walker was swayed by stratigi-aphical considerations in naming these

fossils. Their statement is
—

• They [that is, Lamplugh & Walker] met the

difficulty by explanations which we have always considered to be inadequate,

while they treated as so-called •' varieties '" some of the species which appeared
to occur so far below their usual horizon. Arguing from stratigraphical

inferences, they claimed to demonstrate that these species in reality made a
' miich earlier appearance and possessed a much longer vertical range than had
' previously been suspected. We need make no lengthy comment here on this
' manner of dealing with the palaBontological aspects of the bed.' etc. (K.P.,

p. 5.)

But Walker's attitude throughout, in working on the brachiopoda, was the

reverse of that imputed to him. He recognized from the first that these

fossils had their nearest analogues in those of the Tourtias, and he was ready
to stretch the comparison to bring them within the limits of established

species (L.W., p. 247). His previously quoted letter (p. 46) is sufiiciently

explicit in this matter, and others of his to me have the same tenour; as, for

instance, ' The Zeilleria are very difficult. I don't want to make new species

Txnless obliged' (letter, December 28th, 1902), and 'I fear we shall have to

make a new species of the Terehrirostra ' (October 13th, 1902. and a similar

phrase with regard to the same form in a later letter).

I know that especial importance has been assigned to the last-mentioned

fossil, eventually described and figured by Walker as Terehrirostra lyra

(Sowerby) var. incurvirostmm nobis, and I will therefore discuss it further in

this connexion. T. lyra had long been prized as a rare and curious fossil

both in this country and abroad, and the discovery of a shell of this type in

imexpected abundance, along with another rarity, Terehratida capillata, in

even greater abundance, in the Shenley limestone, provoked Walker's imme-
diate interest, and induced him to enter vigorously into the investigation of

the bed. Apj)arently Terehrirostra had never before been represented by such
richness of material from one place, exhibiting manifold gTOwth- and varietal-

phases, and this rendered comparison with the previous scanty material more
difficult. There is a species, Terehratxda arduennensis d'Orbigny, closely

resembling lyra, occurring in the Mammillatus Beds of the Ardennes ^ and in

some of the Tourtias," respecting which Walker wrote to me (January 16th,

1903): •' I want a Terehrirostra arduennensis to compare with ours. I have
written to [a foreign correspondent] ; he is trying to get me one.' But.

apparently, the attempt was ujQsuccessful, as no example of the species is to

be found in Walker's rich collection of foreign brachiopoda now in the

ISTatiiral History Museum ; and the critical comparison, much to be desired, is

probably still lacking.

It is, at any rate, certain that a Terehrirostra near to the Shenley and Long
Crendon fossil has its horizon in the Basement-beds of the Gatdt in France ;

and among the five species of this aberrant genus recognized by A. d'Orbigny,

one occurs in still older beds, namely, T. neocomiensis d'Orbigny, found in

the Lower Cretaceous.^ Consequently, there is nothing astonishing in the

appearance of the fossil where we have now found it.

The following analysis will serve to show the general aspect of the

brachiopod-fauna of the limestone.

^ C. Barrois, ' Terrain Cretace des Ardennes ' op. cit. p. 275.
2 'Note siir . . . . Terehrirostra, &c.' Journ. Conchyliol. vol. ii (1851) p. 222.

T. neocomiensis is figured by Zittel to illustrate the genus, in ' Text-Book of

Palseontology ' Eng. transl. London, vol. i (1900) p. 331. Another of A. d'Or-

bigny's five species, T. canaliculata, is from the Tourtia ; but Davidson con-

siders that this form is a true Terehratella, and not a Terehrirostra : see
' Monogr. Brit. Cret. Brachiopoda ' Pal. Soc. pt. ii (1852), footnote on p. 32.
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Of the 28 species and varieties named in our previous paper (L.W.,

p. 262) :—

5 had been found previously in England only in the Lower Greensand

;

but two of these are recorded from Continental Tourtias, and other

two from the Mamraillatus Beds of Northern France.

2 had been found as rare fossils in Lower Greensand and also in the

lower part of the Upper Cretaceous of England. Both are Tourtia

shells. One of them, Terebratula capillata, is the commonest fossil

of the limestone.

8 (or, including Terehrirostra lyra var., 9) had been found only above the

Lower Greensand, four occurring in the Gault or Red Chalk and the

remaining at higher horizons only. But one or two of the eight are

now recognized as occurring in the Upper Aptian of the South of

France.^ The Tourtias are known to contain six of the eight.

4 were new to England, but were previously known in one or other of

the Tourtias.

9 were described as new species or varieties.

28

In their argument Dr. Kitchin & Mr. Pringle mention five of the species by
name (K.P., p. 4), but do not refer, except in general terms, to the other 23.

Among the eighteen or twenty provisional determinations, in addition to

the above, resulting from Walker's later work {antea, p. 45), not more than
two or three are species known in this country ; but nearly all are Tourtia

forms.

So far from this, the most abundant and most closely studied element of

the fauna, requiring the idea of an overturn, it appears to afford actual

disproof of the hypothesis.

Correlation with the Tourtias is useless for any narrow and critical demar-
cation of age, since the Tourtias are known to occur at different horizons

where actually intercalated in the Cretaceous sequence ; and, where they form
the base of that sequence and rest directly on the much older rocks, they
are ' condensed ' deposits, probably covering a long period, and they then
generally contain many fossils not known to occur in beds which lie above
the Gault where it is actually present.

The absence from Shenley of the common species of the Upper Greensand
and Lower Chalk has already been commented on (p. 45).

The hypothesis of the intermingling of two limestones of different horizons,

one presumed to contain, besides its own fossils, others derivative from the

Lower Greensand, raises many real difficulties in the place of an imaginary
one ; and has no basis, so far as the brachiopods are concerned.

Terebratula capillata deserves a further word, as its history is typical of

that of several of the commoner brachiopods of the limestone. The form
occurs as a rarity in the Lower Greensand of Upware and in the Red Chalk.

It is plentiful in several of the Tourtias, and is found also in the French
Mammillatus Beds. Its profusion at Shenley, where it is ' in full evolution,'

exhibiting a very wide range of varieties (L.W.,p. 249), led Walker to propose
that we should distinguish the limestone as ' the Zone of Terebratula capillata,'

which he regarded as the characteristic fossil of the bed (L.W., p. 250).

The shifting sand-banks of the Lower Cretaceous strait afforded no oppor-

tunity for the establishment or preservation of a ' reef-facies ' in the locality

^ W. Kilian, ' Lethsea Geognostica: II, Das Mesozoicum ' vol. iii, 1913.

The species are Terebratula dutempleana d'Orbigny (p. 306), and (somewhat
doubtful) Rhynchonella grasiana d'Orbigny (pp. 309, 361). Another species

mentioned is Rhynchonella lineolata Phillips (pp. 307, 361), but this was
already known as a Lower Cretaceous form in England.
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until the ferruginous induration of the Shenley shoal provided a suitable

habitat. This was soon occupied in force by T. capillnfa and its congeners :

and they throve there until the oncoming of the Gault clay-conditions, which
put an end to them in this place. The Gault is notoriously poor in brachio-

pods, particularly the Lower Gault clays, which usually contain none. This
species and the Terehrirostra. among others, evidently reached their acme at

about the beginning of the Gault period, although they lingered for some
tim.e longer before extinction.

EcHixoDERMATA (p. 48).—The list of the Shenley fossils of this Class is

suggestive of a horizon above the Gault, but the anomaly is not so tangible

in reality as in print. The only material, except a few sjDines and other

fragments in my own collection, is the Walker collection at Cambridge,
containing about a score of ill-preserved tests and some spines, which are

acknowledged to be generally too poor for confident determination.^ and
where confidence can be expressed, it is based on one, two, or at the most
three, specimens. Our original list (L.W., p. 263) comprised four positive

specific identifications : one of these has been reduced by a P and another by
an aff, as the result of the recent expert re-examination. Without venturing
to question the authoritative determinations, I will submit some comments
on the species, which appear to be pertinent.

The echinoid fauna of the Gault clays is scanty, and of a different facies

from the shallow rock-reef fauna of Shenley. The English deposits, therefore,

have hitherto provided us with little or no information as to the ancestry and
progress of the echinoid ' reef-facies ' during and just before the period of the

clay-sediments. The Tourtias of the Continent, however, contain many relics

of this facies ; and it is in them, and not in the English beds above the Gault,

that comparisons with the Shenley forms should be sought and may, I think,

be found.

Catopygus columharius (sl single specimen), one of the smaller echinoderms,
is (I believe) regarded as of prime consequence in the argument for the post-

Gault age of the limestone. In the West of England it is a well-known fossil

of the top beds of the Upper Greensand and the lowest part of the Lower
Chalk : but a very similar fossil occurs in the Lower Greensand, and is recorded

as C. carinatus Goldfuss (supposed to be a synonym of C. coJiimhariiis) from
the Hythe Beds of Hythe.- C. carinatus is also recorded from the lowest

zone of the Albian of the South of France, from beds which we should class

as Lower Greensand.^ C. columharius is a common fossil in some of the

Tourtias,"* and a form near to it is recorded from the ' Sables Yerts de Denne-
broecq ' occurring in association ynth Ammonites tardefurcatus and other

fossils of the jNIammillatus Beds.^ The type, if not the actual species, appears,

therefore, to have been in existence before the period of the Gault clays.

Niicleoliteslacunosus Goldfuss (1 specimen), another small echinoderm, ' one

^ H. L. Hawkins, ' Note on a Collection of Echinoids from the Limestone-

Lenticles in the Sand-Pits of Shenley Hill' Geol. Mag. 1921. pp. 57-60.
" ' Geology of the Weald ' Mem. Geol. Surv. 1875, p. 413.
3 C. Jacob, ' Etudes, &c. sur la Partie Moyenne des Terrains Cretaces, &c.'

(op. cit. antea. p. 49).
^ A. d'Archiac, ' Sur les Eossiles du Tourtia ' Mem, Soc. Geol. France, ser. 2,

vol. ii (1874) pi. xiii, and G. Cotteau, 'Note sur les Echinides Cretaces de la

Province du Hainault ' Bull. Soc, Geol. France, ser. 3, vol. ii (1874) p, 652.
^ H. Parent, ' Sur I'Existence du Gault, &c.' Ann. Soc. Geol. Nord, vol. xxi

(1893) p. 218. The fossil is recorded as ' Catopygus cf. cylindricxis'De^or ,' with

an appended note by M. Lambert :
' Cette espece se rapproche surtout des

C. carinatus Agassiz du Cenomanien et C. cylindricus Desor de TAlbien,' &c.

A. J. Jukes-Browne in his ' Gault ' memoir {op. supra cit. p. 477) places

C. carinatus as synonjTnous with C. columharius. C. cylindricxis is a charac-

teristic echinoderm of the Upper Aptian of the South of France (see W. Kilian,

op. supra cit. pp. 309, 362).
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of the few confident identifications ' (Hawkins), appears to have been found
previously in England only in and just above the Upper Greensand ; and
Echinospatagtis aff. miircMsonianus (Mantell) (1 specimen) in the Upper
Greensand only. Both genera have many representatives in the Lower
Cretaceous,

Cardiaster ? latissimus Agassiz (1 specimen) and C. cf . fossarius (Benett)

(2 specimens) are the largest urchins that have been found at Shenley,

measuring 1^ to 2 inches in diameter. Prof. Hawkins states that his

suggested identifications are ' given without any real confidence.' The first-

named species is a rarity in the Upper Greensand ; the second-named is one

of its commonest fossils ; but in North-Eastern France Holaster (— Cardiaster)

latissimus is recorded by Jules Lambert as occurring occasionally in the

upper part of the Aptian (of Grandpre) and more generally in the Gault;^ and
in the South of France it is recognized by Kilian (op. cit. pp. 309, 362) as an
Aptian species. With respect to the Shenley forms, it is of importance to

note that an echinoid of similar type occurs in the undoubted Mammillatus-
beds at Grovebury. I collected there, from a gritty phosphatic nodule, an
imperfect cast (see p. 50), and another specimen of the same kind was
obtained by the Geological Survey ; Prof. Hawkins refers my specimen doubt-

fully to C. afP. latissimus Agassiz (op. cit. p. 57) and notes that the Survey
specimen, though not specifically determinable, agrees exactly with mine in

form and matrix (op. cit. p. 60). From the same nodules I obtained the casts

of Pseudodiadema comparable with one of the unidentifiable limestone fossils

(op. cit. p. 57).

Pyrina cf. inflata d'Orbigny (1 specimen) ; P. cf. desmoulinsi d'Archiac

(2 specimens) ; P. aff. laevis Agassiz (3 specimens). These small urchins

may, according to Prof. Hawkins (antea, p. 48), be shape-variants of a
single species ; which presumably is the same as the P. desmoulinsi of some
of the Tourtias. The genus as at present defined is fully represented in the

Lower Cretaceous, so that its appearance under suitable conditions at the

base of the Gault is not anomalous. It may be noted that Pyrina cylindrica

A. de Grossouvre is recorded by C. Jacob (op. cit. p. 309) from the lowermost
beds of the Albian of Southern France.

Cidaris hoiverbauM Forbes, is based, not on a test, but on three spines, and
the determination can hardly be reckoned conclusive.

Conulopyrina anomala Hawkins, being a new genus and species (Geol. Mag.
1921, p. 420) has no present value for correlation.

There is nothing among these echinoderms that seems to justify violent

stratigraphical methods of explanation. The collection being poor, negative

evidence has less weight here than in the case of the brachiopods ; but the

absence of most of the commoner Upper Greensand and Lower Chalk species

would be remarkable if the limestone were really newer than the Gault.

The Crustacean Cyphonotus incertus Bell, mentioned by Dr. Kitchin

& Mr. Pringle, represents a comparatively rare type of fossil, respecting which
it must be unsafe to draw deductions from the scanty and imperfect material

at present available.

In arguing for the Upper Greensand age of the glauconitic sand of Gar-

side's pit, the same writers mention Serpula antiquata J. de C. Sowerby as
' a common fossil in the Pecten-asper zone of Wiltshire ' (K.P., p. 6), but do
not mention that it is also a fossil of the Lower Greensand and Red Chalk.^

They also refer at some length to cirripede-remains from the same bed which
were submitted to Mr. T. H. Withers, who ' believes that the more advanced

^ ' Eecherches sur les Echinides de I'Aptien de Grandpre ' Bull. Soc. Geo],

France, ser. 3, vol. xx (1892) p. 89.
2 ' Geology of the Weald' Mem. Geol. Surv. 1875, p. 13 ;

' Gault & Upper
Greensand ' ibid. 1900, p. 476 ; and T. Wiltshire, ' The Eed Chalk of England '

Geol. Assoc. 1859, p. 15 & fig.
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evolutionary character shown by the valves from Shenley Hill indicate a
later geological age ' [than the Gault]. The two species identified have a
long range in the Gault, as well as later ; and there may well be in this case
some misapprehension of the supposed evolutionary characters.

The Gault fauna.—The palseontological argument about the

Grault centres around two pomts :

—

(i) The supposed inversion of the clays under Shenley Hill ; and (ii) the

supposed overlap of the Lower by the Upper Gaxilt in other sections.

On both points the evidence brought forward by Dr. Kitchin &
Mr. Pringle in their paper is singularly weak.

(i) To support their statement that the dark lower clays of the

Harris's-pit section (fig. 3) are newer than the overlying pale cla^^s,

they depend upon three fossils of the lower beds (K.P., p. 13) :

—

an Inoceramus ' suggestive of I. crippsi ' ;
* small impressions of

the characteristically ornamented Nautilus deslongchampsiamis
d'Orbigny '

; and the com^Dressed ammonite ol the ' auritus '-stock

identified as Hoplites catillus (see antea^ pp. 51-52).

The Inoceramus I have already discussed; it is not the form
defined as 1. crippsi by Mr. H. Woods in his recent monograph.

i

although it has sometimes carried that name, but is a form
common in the lower part of the Gault {antea, j). 51). The
Nautilus may or may not be correctly identified ; it is a small

crushed impression, without shape, and hardly comparable with

the figured type ; and the species has not (so far as I am aware)
been previously recorded from any part of the Gault clays in

jGno^land.

The weight of the argument has apparently to rest mainly upon
the crushed ammonite, and it is unfortunate that the species should

be one of considerable difficulty. It is discussed at some length by
E. T. Newton & A. J. Jukes-Browne in the ' Palseontological

Appendix ' to the ' Gault & Upper Greensand ' memoir {op. cit.

pp. 413-45), who note, among other points, that 'the flatness

exhibited by so many specimens is evidently in most cases due to

compression after embedment, and is not an original character.'

Jukes-Browne confined his determination to a form occurring in

the Upper Greensand, and did not recognize the species as occurring

in the Gault clays {op. cit. p. 458). Dr. Kitchin & Mr. Pringle

identify their crushed Shenley specimens with the Upper Greensand
form, and conclude that * they are members of an easily recognizable

hoplitid group which have reached an evolutionary stage char-

acterized by degeneration of the sculptural features.' But the

characters requisite in the specific determination are precisely those

most likely to be simulated in specimens compressed to the condition

of ' films on the bedding-surfaces,' as the Shenley examples are.

The questionable Shenley ammonite belongs to a sub-genus ranging

^ 'Monogr. Brit. Cretaceous Lamellibranchia ' vol. ii, pt. 7, pp. 273-78,

Pal. Soc. 1911.
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through, the Lower and most of the Upper Gault, and it occurs

where we should normallj^ expect to find something of this type

on the analogy of the Folkestone section, in which Price notes

(' The Gault,' op. cit. p. 15) that his ' Bed II ' contains 'a variety

of Am. auritus, having long tubercles, which may perhaps be a

distinct species.' My tuberculate sjDccimen crushed in the vertical

plane (see p. 52), poor as it is, could not be called ' catillus,' and
indicates the presence of an undegenerate Hoplitid in the anti-

cipated position. The determination of the catillus-^^eoiQ^ on

such material must be open to doubt ; and, whatever it may be,

the fossil is not strong enough to bear the strain put upon it.

In the foi'egoing notes I believe that I have dealt with every

species relied upon by Dr. Kitchin & Mr. Pringle in their argu-

ment. It only remains to be pointed out that the preceding

descriptions have shown that the lower clays at Shenley Hill

contain the usual abundance of * Belemnites minimus ' and crushed
' Inoceramus ' which characterizes the lowest part of the Gault

clays all through this region ; and that they have yielded none of

the undoubted Upper Gault fossils which occur so plentifully in

the overlying band of pale clay Avith phosphate-nodules.

I conclude that the Shenley cla^^s are not inverted, but in

normal sequence.

(ii) On the second point there is little more to be said than has

been already implied. The fact that Lower Gault fossils were

formerly obtained from the Heath House sections (p. 27) prac-

tically answers the whole of the argument. Having assumed that

the Lower Gault was absent there, Dr. Kitchin & Mr. Pringle

throughout their paper have been led to apply the term ' Upper
Gault ' not onl}^ to this section but to all the lowest clays of the

sections around Shenley. The only reasons stated, so far as I can

find, are :

—

' We infer that the Gault in situ at Shenley Hill was orig-inally some 40 feet
' thick at the most ; and we consider that the presence of the fauna of Bed IX
' of Folkestone such a short distance up in the series makes it certain that
' only the Upper Gault is represented here ' (K.P., p. 60)— [an argument with
which I have already dealt, antea, p. Q6 ; and, referring to the Miletree-Farm
section] :

—
' We have nowhere seen any exclusively Lower Gault fossil in it

'

(K.P., p. 57).

But the latter statement requires to be amplified by the addition

of ' nor any exclusively Upper Gault fossil,' since it is mentioned
that only Belemrtites minimus was seen in the clay of this section,

and only the same fossil and Inoceramus concentricus in the re-

maining pit (Garside's) in which the 'Upper Gault overlap' is

postulated.

It is true that our knowledge of the full Gault sequence in

Bedfordshire and Buckinghamshire is still yqyj imperfect ; but I

think that it has been confused, and not advanced, by the proposed

new interpretation of the Shenley sections.
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VI. SUMMAET.

The paper, a continuation of one by the Author and the late

J. F. Walker published by the Society in 1903, describes about
twenty sections exhibiting the base of the Grault in sandpits and
other excavations around Leighton Buzzard and westwards at South-
cott. Littleworth, and Long Crendon.

(1) The variable * Basement beds ' of the Gault are ' condensed '

deposits, strongly influenced by local conditions like the ' Tourtias

'

of Flanders, and falling mainly within the ' zone of Ammonites
mammillatus ' as recognized in Northern France (= zones of A.
regularis and A. tardefurcatus of a later Grerman classification).

(2) The evidence bears out Jukes-Browne's suggestion of the

occurrence of a current-swept strait in this quarter during late

Lower Cretaceous times, uniting northern and southern sea-basins.

During the accumulation of the ' Basement beds,' a shoal in this

strait north of Leighton formed a reef capped by ferruginous ' pan '

and breccia, with lenticular patches of shell-limestone preserving

a fauna of ' reef-facies,' while the deeper water to the south

gathered a stratum of gritty glauconitic loam and clay with
fossiliferous phosphatic nodules of the French ' coquins de sable

'

type. The transitional stages are visible in the sections.

(3) The dark clays above the ' Basement beds ' belong to the

Lower Gault, here reduced to about half its thickness at Folkestone,

the same reduction being exhibited also towards the opposite edge of

the basin, in Northern France. These clays rest sharply on the

ironstone * pans ' of the reef, but usually pass downwards by gritty

intercalations into the glauconitic loams. Fossils other than
' Belemnites minimus' and 'Inoceramus concentricus ' are scarce

and in a poor state, but are in agreement with the stratigraphical

evidence.
"

-

(4) The incoming of the Upper Grault, with keeled ammonites of

the 'rostratus' group and 'Inoceramus sulcatus,' is indicated in three

of the sections, of which, however, two are at present obscure. A
band of corroded phosphatic nodules, like those of the ' Junction-

Bed ' at Folkestone, occurs near the base of the division, and
marks a pause in the sedimentation. This band has yielded many
fossils.

(5) The palaeontology of the deposits is discussed, and is held to

be in general agreement with that of the same succession in Northern

France.

(6) A recent suggestion that the beds at Shenley Hill may have

been inverted b}'- Gllacial agency is fully considered, and shown to

be untenable.

[March 31st, 1922.]
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Discussion.

Prof. H. L. Hawkins, speaking as an unrepentant palaeontolo-

gist, congratulated the Author on the lucid and almost convincing

expression of his views. From a careful study of the Echinoid
fauna of the ' limestone lentides,' the speaker had come to the

conclusion that a Cenomanian facies was definitely indicated ; and
this was the opinion of the majority of specialists who had
examined other groups of fossils from those deposits. His view was
that, had stratigraphers chanced to agree as to tlie Cenomanian
age of the masses in question, no further interest (of a horizonal

nature) would have attached to the fossils. As matters stood at

pi-esent, there seemed to be a clear issue between stratigraphy and
palieontology : to put back the time of appearance of a single species

would be justifiable, but to treat practically an entire fauna in

such a manner vitiated the principle of ' time-indication ' by the

evidence of fossils. Hence he hesitated to accept the Author's
conclusions, although, apart from the palseontological evidence,

they appeared reasonable and even obvious.

Mr. J. PfiiNGLE regretted that no new facts had been brought
forward, and said that he would like to defer his criticism until the

paper was published. He would remark, however, that he thought
that the interpretation put forward by Dr. F. L. Kitchin and him-
self was the correct interpretation of the facts.

The AuTHO-R, in reply, said that he had expected that the

critics of the previous work of himself and the late J. F. Walker
would have embraced the opportunity to support their strictures.

Since they had not done so, there was little scope for discussion.

The palseontological argument for the supposed inversion was
out of perspective, through his critics having insisted on par-

ticular species and on their upward range, without having
mentioned also their downward range and the presence of other

species not favourable to their views. The echinoderms had been

dealt with, along with all the other fossils brought into the argu-

ment, in a portion of the paper which there had not been time

to read.

No palaeontologist could suppose that his material, however
plentiful, represented the final limits of our knowledge ; and he

must occasionally have to meet facts novel to his experience.

Purely palaeontological methods of explaining the facts regarding

the fossils were available, and could be applied, without recourse

to an indefensible Grlacial overturn.

Q. J. a. S. No. 310.
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I. I]S'TEODUCTIO^^.

The gradual development of structural interpretation in regard to

the South-West Highlands of Scotland has much in common with
the long-continued building of some great cathedi-al. The workers
have been many, each with his own individualitj^, and each in-

iiuenced by the spirit of his time. In these circumstances,
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preparatory demolition has been an almost inevitable feature of

every attempt at improvement. But one is emboldened to the
task by the thought that restoration can be carried out if occasion

proves its need : a fairly representative literature enshrines the

observations and opinions of the long line of researchers.^

Statement of the Problem.

As a preliminary to discussion, the following dogmatic statement

is offered. The schists of the South-West Highlands of Scotland

belong to three main structural divisions, which, in descending

order, are (fig. 1, p. 84 & PI. I) :—

Loch-Awe Nappe,
Iltay Nappe,
Ballappel Foundation.

The first title is derived from Loch Awe. The second is a hybrid

of Islay and Loch Tay. The third is compounded from Balla-

chulish, Appin, and Loch Eilde.

Each great division has its particular stratigraphical facies,

although there are certain correspondences which suggest strati-

graphical correlations from one to another.

The Loch-Awe Nappe is relatively simple in structure. The
Iltay Nappe includes two important recumbent folds—the Ben-Lui
Fold, a syncline closing towards the north-west, and the Carrick-

Castle Fold, an anticline closing towards the south-east (fig. 4,

p. 102 & PI. I). The Ballappel Foundation is a structural complex,

with the Ballachulish and Appin Nappes among its component
parts. During the development of these various structures, move-
ment took place persistently towards the south-east.

Little would be known of all the nappes and recumbent folds

just mentioned, were they not bent and buckled by what we may
term secondary folding. The secondary folds of the South

-

West Highlands are picked out in fig. 1. They include such

conspicuous examples as the Cowal Anticline, Loch-Awe Syncline,

Islay Anticline, etc. In regard to a large part of the region, it

may be stated that the secondary movements were directed out-

wards in both directions from the axis of the Loch-Awe Syncline.

The Loch-Skerrols ^ Thrust of Islay belongs to the epoch of

secondary movement which developed the Islay Anticline. It is

probably a continuation of the Moine Thrust, so well known farther

north.

Two important tracts of the South-West Highlands are not

dealt with in this paper :
—

(1) The narrow belt of volcanic and fossiliferous rocks commonly styled

the Highland Border-Rocks; and
(2) The foreland of the Loch-Skerrols Thrust, as exposed in Islay and

Colonsay.

^ The dated references in the sequel are amplified in the Bibliography,

App. I, p. 126.
^ Scottish localities not shown in PI. I are catalogued in the Locality-

Index, App. II, p. 127.

g2
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It was in 1914 that I arrived at what are virtually my present

conclusions. For some 3^ears previously my thoughts had ever

turned to the difference characteristic of the two sides of the Loch-

Awe Syncline, below the level of the Ardrlshaig Phyllites (PI. I).i

It seemed fairlj^ certain from the beginning that a thrust (or lag)

was in some way responsible ; but it was not until shortly before

the outbreak of war that I attained to anything approaching full

illumination. In the hope that someone else might finish the

work if I should not be able to do so, I summarized the leading

facts and suggestions as an appendix to a paper on the Islay Anti-

cline published, during my absence, hj this Society. However,
this proffered page-long appendix was refused, on the ground that

it was incom^Dlete.

Clougli^s Secret of the Highlands.

I wish to take this opportunity of acknowledging that the

interpretation of the South-West Highlands, sketched in the

preceding section, is essentially a continuation of C. T. Clough's

interpretation of Cowal. To mention but one of his claims on

our gratitude, Clough will always be remembered as having

introduced a new element of technique into the investigation of

Highland problems. Everybody, since the dawn of geology, has

employed eroded anticlines and synclines in the elucidation of

stratigraphical successions and variations in relatively undisturbed

regions of low relief. Clough boldly extended their use to the

investigation of the folded complexes of the Highland Schists,

where close study of a comparatively late anticline or syncline may
throw invaluable light on the scope and character of earlier folds

and systems of folds. Long before his day the Cowal Anticline

had been recognized as a conspicuous feature of South-West High-
land geolog}?" (1861 fi^, p. 135). After very detailed consideration

of 'this structure, Clough states his conclusions regarding it as

follows (1897, p. 83) :—
'• There is no doubt that this anticline is a true arch of an early foliation.

Later foliations and other structures have been developed together with it

. . . . ; but the most prominent foliation of the district, and an enormous
amount of folding of the same age as this foliation, were already in existence

before it, and were folded by it.

' It is clear then that " the anticline " cannot be a simple or exact anticline

of bedding. It should rather be looked on as an anticline of the limbs and
axes [Clough means axial planes] of the early folds which affect the

bedding. To what extent it departs from being an anticline of bedding must
depend on the amount of this early folding.'

He then proceeds to gauge the effect of the early folding by
comparing the outcrops encountered on the two sides of the Cowal
Anticline. The contrast is shown to be remarkable, wherefrom he

derives the suggestion that

'there is a great folding of " pre-anticline " age, which, roughly speaking,

counterbalances the effect of " the anticline " '

(1897, p. 86 & pi. x). An unfortunate vagueness of many of

^ See also 1922, Report A, par. 6.
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tlie lithological distinctions in the critical region prevents Clough.

from speaking ' with much confidence ' (1897, p. 87) of this

supposed important pre-anticlinal folding ; but he is of opinion

that in the neighbourhood of Carrick Castle the fold can be traced

with fair certainty, as may be judged from his mapping between
Loch Groil and Loch Eck (Sheet 37), and his explanatory section

(1897, p. 204).

We now know of several much clearer examples in the Highland
Schists of secondary folds affecting earlier recumbent folds (fig. 1).

Clough stands as the original interpreter of this great Secret of

the Highlands—although, as he himself admits, the reality of the

Carrick-Castle Fold cannot be regarded as beyond question.

One word more in this connexion. It is undoubtedly true that

secondary anticlines and synclines are of more importance to

workers in the Scottish Highlands than to others who have
really big mountains and deep valleys to assist them ; but such

secondary folds are by no means overshadowed, even among
the greatest mountains of Europe : a geologist on the shores

of the Lake of Geneva may examine at his ease structural units

higher than anything that erosion has spared on the summit
of Mont Blanc.

Slides recognized.

There was one important feature of Highland geology that

Clough did not realize during his examination of Cowal, namely,

the inconspicuousness and, at the same time, the abundance of

fold-faults, or slides, as they are called (1897, p. 88). The slides

of the Southern Highlands took place for the greater part under

conditions leading to constructive metamorphism, and in conse-

quence are much less marked by localized belts of sheared and
mylonitic material than their fellows of the North-West. It is

not that indications of intense movement are lacking in the

vicinity of the slides. On the contrary, they are universally

present, but not necessarily in a more pronounced degree than

elsewhere in the neighbourhood.^

In 1908, very clear evidence north of Loch Leven, in the Balla-

chulish district, revealed to me a slide, the continuation of which,

I felt certain, traversed Grlen Etive, some 8 miles away, at a locality

already mapped in the most minute detail by Clough himself

(1909, p. 53). Naturally, Clough was incredulous that what he

had missed on the spot could be seen from a distance. But he

visited the exposures north of Loch Leven, and, after satisfying

himself that they left no room for doubt, he assured me that the

district would become an object of pilgrimage to an extent greater

than the North-West Highlands had ever been, for the story that

it had to tell was much more wonderful.

1 See also 1922, Eeport A, par. 10.
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Nappes and their Travels.

Definition o£ a nappe.—In 1909 a little party of Scottish

geologists was introduced to the wonders of the Pre-Alps under
the able guidance of Dr. L. W. Collet, now Professor at G-eneva,

I well remember a comment by Mr. H. B. Maufe on this occasion :

' Alpine geolog-ists speak and think of nappes, while Scottish geologists have
been accustomed to concentrate their attention upon thrust-planes.'

In the Southern Highlands, a combination of the two habits of

thought has proved advantageous. It is convenient to bestow

titles upon important structural masses, selecting for the honour a

nappe, a fold-core, or an entire fold, as the case may be ; it is also

convenient to give names in certain cases to major slides, both

thrusts and lags.

On a previous occasion I have discussed the use of various

tectonic terms (1916, p. 25) ; but nappe was not included, since

I wished to present the main structural features of the district

considered without reference to such abstruse matters as original

order of succession and direction of movement. On the present

occasion I am venturing to express an opinion on these difficult

subjects, and accordingly offer a definition of the word nappe, as

follows:—A nappe is a mass brought forward to a notable
extent by recumbent anticlinal folding or by thrusting.
In deciding upon the basal limit to be assigned to any particular

nappe, one generally chooses some prominent thrust-plane ; failing

this, one is entitled to select the axial plane of some recumbent
anticline or syncline, according to local convenience.

Direction of Movement defined and discussed.

The definition of nappe given in the preceding section depends
upon a proper understanding of the words brought forward.
It may be of service to offer a few remarks in this connexion.

Often the rocks of a district, considered as a whole, show evidence

of marked horizontal compression at right angles to some parti-

cular line of strike ; while, considered in detail, they reveal a

differential horizontal movement of their upper layers as compared
with their lower. In such a case, movement is said to have
occurred in the direction in which the upper layers
have travelled relatively to the lower. At the present

time, this method of stating the facts is a well-rooted convention,

associated with a dependent terminology including such familiar

expressions as foreland and fore dee p.

How line of movement is recognized.—A few words
may now be added regarding the criteria by which a geologist

judges of the direction of movement. In the first place, the Ime
of movement is at right angles to the strike of folds developed by
the movement, or is established even more immediately b}^ striation

of thrust-planes. In this connexion onlv one comment is necessary.
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The strike of folds is very conspicuous in the case of small-scale

steep folds, but is very elusive in the case of big-scale recumbent
folds. With the latter, all one can do is to determine the more or

less sinuous ^ line, along which each particular fold closes upon
some well-marked constituent member serving locally as its core.

While recognizing the difficulty of the subject, I suggest that the

greater folds of the Highlands seem to run roughly north-east and
south-west in agreement with the lesser folds, b}^ which they are

so conspicuously accompanied and sometimes affected. Three

examples j)ointing to conformity of strike will be noticed he]-e :

—

(1) As already set forth, Clongh accounts for the contrast on the two sides

of the Cowal Anticline by suggesting that this anticline arches a

sequence profoundly influenced by big- scale folding of earlier date

(figs. 1 & 4 & PL I). As the difference referred to persists across

the Highlands, it would seem that Clough's early and late folds

must have had very similar lines of strike. This is the more likely,

since he recognizes countless small-scale ' pre-anticlinal ' folds

conforming in strike to the line of the anticKne, and associated

with contemporaneously-developed stretching and rodding approxi-

mately at right angles to the same line (1897, pp. 16, 17).

(2) In like manner, I attribute the marked differences met with on the

two sides of the Loch-Awe Syncline at levels below the outcrop of

the Loch-Awe Nappe to early flat folding and thrusting,- which
here again must have agreed faii'ly closely in strike with the rela-

tively late folding that developed the syncline (figs. 1, 4, & PL I).

(3) There is much in the gape of the Ballachulish Fold, as exposed along

the north-western hmb of the relatively late-formed Glen-Creran
Syncline between Lairigmor and Loch Creran (1910 a, pi. xhi),

which does not reappear to the south-east either in Glen Coe or in

the Windows of Etive.

How direction along line of movement is recognized.

—

Once the line of movement is known, the next question is the

actual direction along this line. Trustworthy vertical structures

are rare in undisturbed rocks, else their deformation would serve

as an invaluable index. Let us consider for a moment the section

below the Moine Thrust, as exhibited at the base of the Stack of

Grlen Coul in Sutherland. An outcrop of Cambrian quartzite

occurs there, resting unconformably upon Lewisian Grneiss and dip-

ping beneath the Moine Xappe with the same inclination as that

which characterizes the intervening thrust-plane. In the quartzite

are numerous annelid-tubes—the well-known ' pipes,' as they are

called. In the undisturbed foreland these pipes are always at

right angles to the bedding of the quartzite. In this particular

exposure they have been sheared into a very oblique position, and

^ Without entering into detail, I may point out that I suspect that the

west-north-westward close of the Beinn-Udlaidh Fold (1912 b,pp. 168, 169) is

a misleading local feature of • a fold which, viewed in its entirety, closes

towards the south-east.
2 See also 1922, Report A, par. 6.
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their upper parts have travelled markedly farther to the north-

west than their lower, Charles Callaway clearly realized the

significance of this phenomenon (1884a, p. 221), as also did

Dr. B. N- Peach & Dr. J. Home, who met its counterpart in

another locality (1884 h, p. 34 ; 1907 h, p. 481).

But such weathercocks are seldom available. More often one

has to rely upon the obvious relationship that isoclinal anticlines

close in the direction of the movement of which they are a record.

Where the folding has not a recumbent tendency, the application

of this rule may present no special difficulty. As an example, one

may cite the outward movement from the fan-axis of Loch Awe
(P. Macnair, B. N. Peach, and others), with which may be

grouped the south-eastward movement of the Cowal Anticline

(Clough), and the north-westward movement of the Islay Anti-

cline (Baile}^).

In the case of recumbent folds, the recognition of the direction

of movement is often more difficult, since the distinction of anti-

clines and synclines ma}^ involve careful research. The general rule

is that anticlines are characterized by cores of relatively old rocks,

and vice versa. Basing m}^ argument upon this rule, I venture to

suggest that the recumbent fold of Ben Lui (PL I) is a syncline,

which, closing as it does towards the north-west, indicates move-
ment towards the south-east. There are, however, a few notable

exceptions to the general rule just stated. In 1907, Sarasin &
Collet (1907 c, pp. 586-89) explained why they no longer opposed
the cumulative evidence of Dr. H. Schardt and Prof. M. Lugeon
in regard to the northward movement of the Pre-Alps. Their

original difficulty had been the existence in the Zone des Cols of

apparently anticlinal folds closing towards the south. They later

realized that these folds had been involved in an exceptionally

complex series of movements. I should myself describe them as

secondary recumbent synclines developed in a sequence previously

inverted.

Fortunately, one is not restricted to age-relationship in the

recognition of recumbent anticlines. Clough, for example, de-

veloped a most ingenious method of attacking this difficult

problem. He found that he could distinguish innumerable
diminutive folds of ' pre-anticlinal ' age in Cowal, and that, of

these folds, those closing towards the south-east showed a great

tendency to have their lower limbs attenuated and correspondingly

lengthened (fig. 2, p. 90). On the ground that general experience

teaches us that it is anticlines that preferentially exhibit attenua-

tion of their lower limbs, Clough identified these south-eastAvard

closing folds as anticlines ; from which, of course, he deduced a

south-eastward direction for the originating movement. (Like

certain other deformational indices, this one, interpreted em-
pirically, survives inversion, as the reader will realize if he turns

fig. 2 upside down.)
A difficulty in the way of applying Clough's rule is the fact that

in nature the tendency to attenuation is by no means restricted to
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one limb of an isoclinal fold.^ Clouo-h was fully conscious of

this difficulty, so far as small-scale folding was concerned, but

he was not deterred thereby from arriving at a positive conclusion

in the particular case just considered.

In the Ballachulish district I found the phenomenon of eddy-

ing forward motion illustrated on a big scale : that is, I found
important slides of two kinds, both thrusts and lags (1910«). Of
the two I should expect the thrusts, as a class, to be predominant,

and on this account (among others) I have for many years inclined

to the view that the Ballachulish and Fort-William Slides are

thrusts rather than lags (1910 &). If these two slides are thrusts,

then here again the movement has been towards the south-east,

as shown by the direction of close of the associated folds.

Fig. 2. -ClougVs criterion of south-eastward movement during
^^re-anticlinaV times in Coival.

It Avill be noticed that little or no attention has been directed in

this discussion to the inclination of thrust-planes as a guide to the
direction of movement. With the ' double fold ' of "the Glarus,
and numberless other instances, in our minds, we are well advised
to preserve a very cautious attitude in this matter. Where
schuppenstruktur is clearly developed, as in the Xorth-West
Highlands so faithfully portrayed by Dr. B. N. Peach & Dr. J.

Home, the upward forward inclination of the individual scales,

relative to the major thrusts above and below, affoixis a much
more trustworthy indication . Schuppenstruktur is, moreover,
a packing phenomenon appropriate to a compressed uninverted
sequence. It differs in this respect from the attenuation -pheno-
menon illustrated in fig. 2. One might hope, therefore, in a

region of recumbent folds to find some analogue of schuppen-
struktur jDredominant in one set of limbs and indications of

^ Another difficulty is that attenuation is in part a solution effect, for

Clough found it commonly more marked in regard to the quartz than to the
mica of a deformed band (1897, p. 22).
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attenuation in the other, and this, of course, would at once betray

the direction of movement. It is disappointing, therefore, to find

Clough quite definite in his asseition that fig. 2 represents the

general state of affairs in both limbs of his Carrick- Castle

Fold. (At the end of Chapter VII, 1897, p. 82, Clough, for quite

other reasons, contemplates the inversion of the earh^ folds and
accompanying foliations of Cowal by the Carrick- Castle Fold.

Such inversion, if superinduced ujDon a previous inversion, might
well account for the absence of anything approaching schuppen-
struktur. But Clough whoU}^ neglects this suggestion of his

elsewhere in his account, and I do not think that it should be

regarded as an integral part of his interpretation.)

The intensive study of our North-West Highlands by Dr.

Peach & Dr. Home, and the contemporaneous investigation of the

more ample exposures of Scandinavia by Tornebohm, alike

emphasize another imjDortant aspect of the matter. On approach-

ing a mountain -chain from the front, one commonly finds the

original structures of the rocks of the foreland increasingly de-

formed. Locally, the condition of the rocks of the South-West
Highlands is difficult to reconcile with this familiar exi^erience.

I have already partly indicated the evidence of persistent south-

eastward movement during the main period of nappe-formation.

As indicated in PL I, the Loch-Awe Nappe is interpreted as a

klippe, or outlier, resting on the Iltay Nappe. Naturally, one
might expect less evident distortion of the rocks of the Iltay

Nappe in Cowal than in Islay, but the reverse actually occurs.

In Islay many outcrojDs of flagstone are known with ripple-marks

still perfectly preserved ; in Cowal such original details are lost

sight of in the general deformation. As a tentative explanation,

I suggest that local conditions, including temperature, may have
been the determining factor in producing this anomaly. The
Cowal region may have been more heated than the Islay region,

and accordingly more inclined to react generously and diffusely to

mechanical stimulus.

There remains but one other important source of information
that need be touched upon, and that is the facies of far-travelled

nappes. Igneous, as contrasted with sedimentary, facies helped

Hutton long ago to establish the subterranean origin of the lava-

flows of Scotland. Alpine, as contrasted with Helvetian, facies

helped Dr. Schardt in much more recent days to realize the
southern origin of the great invading nappes of his native moun-
tains. As in the Alps, so in the South-West Highlands, considera-

tions of facies are of great importance. They do not, indeed, tell

us from which direction the Loch-Awe Nappe travelled into its

present position ; but they do warn us against supposing this

nappe to have spread in mushroom fashion from a root beneath.

If the Loch-Awe Nappe originated as a mushroom, one would
expect it to reproduce in itself the Isla}'- facies ; but such is not

the case.
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Aletamorpliisiii.

The metainorpliism of the South-West Highlands is too wide
and speculative a subject to be dealt with here in anything more

Fig. 3.

—

JlefcnnorjyJu'sm of nappes.

''+ + -•.

METAMORPHIC SCALE

._Mica Inconspicuous

ca. Conspicuous

MicdwitKJ Mica ^witK
AlBite Garnet

[The nappes, in descending- order, are lettered: L= Loch-Awe Nappe; 1=
Iltay Nappe; B=Ballacliulish Nappe; A=Appin Nappe. The meta-
morphic scale adopted refers only to the condition of normal grey
pelitic sediment.]

than the merest outline. The suggestions offered below will, it is

hoped, be amplified on some future occasion :

—

(1) Fig. 3 furnishes a graphical statement of the metamorphism of normal
grey pelitic (or semipelitic) sediments in the South-West Highlands.
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(2) In sucli rocks increasing metamorphism leads from slates and phyllites

through mica-schists into either garnetiferous mica-schists or albite-schists.

(3) In rocks of a different composition (as, for instance, quartzite, lime-

stone, or even carbonaceous or calcareous politic sediments) response to

metamorphic influences may not agree very closely with what is shown in

fig. 3. Thus the Ballachulish Quarries yield black roofing- slate, although

situated on the margin of the garnetiferous zone of fig. 3 (1916, p. 202).

(4) A vague agreement between the outcrops of successive metamorphic
and structural zones, respectively, lends distinct support to a theory of

metamorphism controlled by depth-temperature, such as was developed by
Clough (1897, p. 91) to account for the relatively high metamorphism
characteristic of the axial belt of the Cowal Anticline (see figs. 1 & 3).

(5) The agreement noted above is so incomplete that no increase of

metamorphism accompanies the emergence of nappes north-west of the

Loch-Awe and Glen-Creran Synclines. This capriciousness suggests recourse

to Mr. G. Barrow's theory of metamorphism controlled by temperature
dependent upon magmatic distribution (1912 a). To me, there seems to

emerge no reason against combining Clough's and Barrow's interpretations.

(6) Fig. 3 shows sufficiently clearly that crystallization continued until

the close, at least, of the main nappe-movements : there are no marked
metamorphic inversions.

(7) Clough did much to distinguish certain mineral developments of Cowal
as of pre-anticlinal, or anticlinal, date, respectively (1897). I have now
found good evidence of the development of albite in the albite-schists of

Cowal during both these periods. As albite-development is due to specialized

conditions of regional metamorphism (hydrothermal, according to E. H.
Cunningham-Craig, 1904 a, p. 26), it looks as though the early and later

movements classified in fig. 1 should be regarded as successive chapters in a

long-continued history of mountain-building. Among the products of the

later movements is the Loch-Skerrols Thrust, which I correlate with the

Moine Thrust of the North-West Highlands. Accordingly, I am led to

suspect a fairly close connexion between the south-eastward movement of the

great nappes of the South-West Highlands and the north-westward move-
ment of their better-known fellows of the North-West Highlands. Naturally,

this opens the door for comparison of the Southern Highland nappes with
those which will for ever be associated with Tornebohm's name in Scandinavia.

Moreover, if one is ready to look beyond the limits of Caledonian time, one is

tempted to trace an analogy between the north-westward movement revealed

in Islay and the back-movement of the root-region of the Alpine Chain
towards the Plain of Lombardy.

Corrigenda since 1910.

From 1910 onwards the Greological vSociety has published a

series of papers on South-West Highland tectonics, written by
myself, and one describing the structure of the Glen Orch}^ district,

in which I collaborated with Mr. M. Macgregor. All toJd, these

papers cover more than half of the area dealt with on the present

occasion. Their detailed descriptions and their beautifully

reproduced maps are available to anyone who wishes to realize the

full appeal of the interpretations here advanced. It is, therefore,

important to assist the reader by enumerating at this juncture

such modifications as have come in the wake of our steadily

increasing knowledge.

1910. Recumbent Folds in the Schists of the Scottish
Highlands.—This paper deals with the recumbent folds of Ballachulish,

Aonach Beag, and Appin, north and west of the granite-mass of Etive ; their
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attendant slides ; and their liability to secondary folding. The reality of all

these geological features is, I consider, unassailable by anyone acquainted with
the field-evidence. At the same time, I should like to notice certain important

modifications which I have been able to effect as a result of continued

enquiry. For instance, the Eilde Flags of the Loch-Eilde Mor outcrop are

no longer referred wholly to the upper limb of the Appin Fold (see 1916,

figs. 9-10, and 1910 a, pi. xliii) ; while the limestone at Loch Dochard, east of

the Etive Granite, is now definitely relegated to a lower structural position

than the Appin Core.

The two changes just mentioned, along with much else of importance, are

due to later work by Mr. E. G. Carruthers. Whereas I had already ventured

to correlate fiags of two important outcrops, the one running past Loch Eilde

Mor, the other through Fort William, I confess that I did not think that

these outcrops had any underground connexion in the intervening country

(1910 a, p. 616 & pi. xliii)—although I was well aware that my evidence in this

matter was inconclusive. Mr. Carruthers was fortunate enough to find that

a persistent south-westward pitch causes a remarkable zigzag approach of the

Loch-Eilde and Fort-William outcrops in the district beyond that which I

had examined, and I now agree with him that an underground connexion is

highly probable. As an incident of the zigzag approach just mentioned,

Mr. Carruthers noted folding of the Fort-William Slide. I am of opinion

—

but I admit Mr. Carruthers attaches little weight to my suggestion—that

the Meall a' Bhuirich Slide in its type-exposure is merely the folded con-

tinuation of the Fort-William Slide. My original view that the Meall-a'-

Bhumch Slide reappears east of the Loch-Eilde outcrop (1910 a, h, pi. xlii) I

frankly disavow. PL I shows the approach of the two outcrops of Eilde

Flags, and, in so far as it is a continuation of my previously published

mapping, it is mainly based upon Mr. Carruthers's work ^—except, of course,

that I am alone responsible for the expressed suggestion that the Fort-

William and Meall-a'-Bhuirich Slides are one and the same. The correction

has two very pleasant features : looking back, one realizes anew that what
has proved impossible to iinravel in. some particular region may be an easy

matter to disting-uish in an adjoining district ; looking forward, one hopes
that some of the remaining elements of doubt may in their turn be dispelled,

so soon as opportunity arises for further extension of the field of mapping.

Mr. Carruthers's other points need not detain us long, since I have no
strong opinion in regard to them, and have modelled my present account on
non-committal lines. They may be summarized as follows :

—

(1) Mr. Carruthers thinks that he can locally (that is, in the Kinlochleven

district) distinguish three mica- schists and three quartzites, intervening

between the Ballachulish Limestone and the Eilde Flags—where previously I

only had recognized one group of each, namely, the Leven Schists and the

Glen-Coe Qnartzite. I have discussed these two alternative interpretations

elsewhere (1916, p. 62). Here, in order to avoid uncertainties, I treat the

mica-schist and quartzite complex as one great stratigraphical group (PL I),

In regard to the structural relations, which this inclusive group bears to the

Ballachulish Limestone, on the one hand, and the Eilde Flags, on the other,

Mr. Carruthers and I are in very close agreement. I have myself dealt more
particularly with the limestone side of the complex, while Mr. Carruthers has

gathered much of the information regarding the behaviour of the flags.

(2) Mr. Carruthers thinks that the rocks shown as belonging to the Sub-

Eilde Complex in PL I are stratigraphically distinct from any of their fellows

in the neighbourhood. I have already discussed this difficult question (1916,

p. 62), and meanwhile do not intend to resuscitate it. In the present paper

I merely use the outcrops of these rocks as indicating a lower structural

level than is reached in the Loch-Eilde outcrop of the Eilde Flags, without

^ For permission to publish this material I thank Mr. E. G. Carruthers, as

well as the Director of H.M. Geological Survey.



part 2] THE SOUTH-WEST HIGHLANDS OF SCOTLAND. 95

expressing any opinion as to their stratigraphical equivalents. I am very sorry

that Mr. Carruthers's important contribution is not yet fully published. If it

were, I am certain that it would be easy to criticize some of his statements

—

to judge from a preliminary notice (1913 a, p. 51) ; but of its value as a whole

there can be no question.

It may be well to add that there was always an essential difference of

status in regard to the 1910 interpretation of the folded district of Kinloch-

leven (now admittedly wrong in important particulars), and that of (say)

Ballachulish. The former was based on what seemed a mere sufficiency of

evidence ; the latter upon the reiterated testimony of section after section.

In the Kinlochleven district I am now of opinion that I made one cardinal

mistake—I interpreted a syncline with steeply-inverted pitch as an anticline,

—and the realization of this has left an insufficient foundation for a complete

structural interpretation. No similar isolated accident could affect the

reading of the Ballachulish Fold and Slide.

As regards other corrections of the work covered by my 1910 paper I may
refer to :

—

(1) The elucidation of additional details concerning the Ballachulish

Fold near the head of Loch Creran (see 1914 paper).

(2) The much more important recognition of the extension of the Iltay

Nappe to the shores of Loch Creran, where previously I had, with
very imperfect knowledge of the ground, imagined that nothing but
a local facies of part of the Leven Schists occurred. This point is

dealt with in detail later on (p. 115).

1912. The Glen-Orchy Anticline (E. B. Bailey & M. Mac-
gregor).—There is no correction to emphasize with regard to this paper. In
order to avoid criticism, the quartzites, mica-schists, and hmestone of the

Beinn-Udlaidh and Loch-Dochard exposures are ascribed in the sequel to the

Sub-Eilde Complex without definite stratigraphical correlation.

1913. The Loch-Awe Syncline.—I no longer regard the St. Catherine's

Graphite-Schist and its immediately associated phyllites, or mica-schists, as

in stratigraphical continuity with the Ardrishaig Phyllites (1913&, p. 299).

This involves, among other things, the separation from the Ardrishaig
Phyllites of certain calcareous mica-schists, which are shown (1913 b, pi. xxxii)

as extending northwards and eastwards from Meall nan Tighearn (around
Ben Lui). The Erins Quartzite I still believe to be connected stratigraphi-

cally with the Ardrishaig Phyllites (p. 96).

1914. The Ballachulish Fold near the Head of Loch Creran.

—

This paper supplies certain corrections to its predecessor of 1910.

1917 (for 1916). The Islay Anticline.—Nothing further has been
published.

II. The Three Great STRrcTURAL Diyisions.

A concise treatment will now be given of the stratigraphy and
structure of the South-West Highlands. Discussion based upon
detailed accounts of certain crucial sections is reserved for § III,

The Loch-Awe Nappe.

Constitution.—The structural independence of the Loch-Awe
Nappe cannot be appreciated without extensive trespass into the

country surrounding the nappe. Discussion of this cognate

matter is, therefore, reserved for a later paragraph. Meanwhile,
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the reader is asked to excuse a rather dogmatic statement of the

case.

The outcrop of the nappe reaches south-westwards from the

northern end of Loch Awe, until lost sight of under the sea.

Its breadth is roughly 20 miles, and its position is clearly

indicated in PL I. The stratigraphical succession within its

limits is as follows :

—

Loch.- Awe
Group.

"Loch Avicli, green Slates with grits, and (in the basal

part) pillow-lavas.
Tayvallich, black Slates and limestones (both often

pebbly), grits, conglomerates, and pillow-lavas.
(Pebbly -<j The rock-fragments in the conglomerates are generally of

local origin ; but, in certain well-known occurrences, nord-

markite and other foreign boulders are found.

Crinan Grits and Quartzites with subordmate slates

and limestones.

)-Shira Limestone, grey or cream-coloured, according to

locality ; absent south of the Crinan Canal, and, elsewhere,

often interbedded with greenish-grey phylhtes.

Ardrishaig, soft, greenish-grey Phyllites, with cal-

character

recurrent.)

Ardrishaig
Group.

(Pebbly cha- <j careous lenticles, occasional beds of buff-coloured or white
racter very hmestone, and a fair proportion of compact, fine-grained,

restricted.) slightly-calcareous quartzite.

i

Erins fine-grained, shghtly calcareous Quartzite, restricted

1^ to Lower Loch Pyne.

Basic sills (epidiorite) are abundant everywhere, except in the central

portion of the outcrop of the Loch-Avich Slates.

The separation of the Loch-Awe and Ardrishaig Grroups is due

to Mr. J. B. Hill (1899, p. 473). The subdivision of the Loch-
Awe Group (1913 h, p. 291) followed closely on Dr. B. X. Peach's

recognition of volcanic rocks in the Tayvallich Peninsula (190-4 h,

p. 68j.^ The Erins Quartzite was early distinguished by Mr. Hill

:

he regarded it as a local facies of the lower part of the Ardrishaig

Group. 1 am inclined to think that it is a separate entity, and
that it owes its restricted occurrence to limitation by the thrust at

the base of the Loch-Awe Nappe.
At one time, I imagined (1913 h, p. 300 & pi. xxxii) that the

Erins Quartzite probably belonged, half to the Ardrishaig Group,

and half to the Ben-Lui Group (p. 95). This working hypo-

thesis was based upon a couple of rather insecure foundations :

—

(1) A tentative correlation, connecting certain graphitic phyllites at Stron-

chullin, in the heart of the Erins Quartzite, south of Ardrishaig, with similar

rocks occurring in bands at the north-western margin of the Ben-Lui Group,
18 miles farther up Loch Eyne.

(2) A tacit assumption that the StronchuUin outcrop does not mark the

centre of a fold.

Now that other evidence points to a complete structural

separation of the Ardrishaig Phyllites (Loch-Awe Nappe) from
the Ben-Lui Schists (Iltay Nappe), partition of the Erins Quartzite

is no longer possible.

^ See also 1922, Eeport A, par. 1.
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Original order of deposition.—Two items of evidence

indicate that the column on p. 96, with Loch-Avich Slates at the

top and Erins Quartzite at the bottom, represents the original

ordei' of deposition of the rocks of the Loch-Awe Nappe.

(1) In the Tayvallich Peninsula, the Tayvallich Slates, Limestones, and
Lavas very clearly overlie the Crinan Quartzite. Where the volcanic escarp-

ment reaches the sea, the second lava from the bottom has numerous pipe-

amygdales springing from its base, while its upper portion is thoroughly

slaggy. I have always agreed with Dr. Peach that this lava is ' right way
up,' and growing experience has strengthened my belief. Anyone who has
spent much of his life among lavas, must have met with many examples of

pipe-amygdales rising from the base of a flow, or from the base of an
individual band or lenticle within a flow, but never descending from the top.

Dr. Peach has already published a horizontal section showing the position

and relations of this invaluable Tayvallich Lava (1911, fig. 4, p. 69).^ If this

flow is ' right way up ' (and who can doubt it ?), then the field-relations show
almost conclusively that the Tayvallich Slates and Limestones are of later

date than the Crinan Quartzite.^

(2) At Kilmory Bay, J. S. Grant Wilson found the Ardrishaig Phyllites dip-

ping steeply beneath a conglomeratic grit forming the base of the Loch-Awe
Group (1911, p. 64). The grit has the appearance of being- ' right way up,'

for it includes a succession of seams of fine-grained conglomerate, all of them
with well-defined bases and ill-defined tops. In this case, perhaps, it is wise

to regard the evidence as suggestive rather than conclusive ; but it gives

valuable support to the testimony afforded by the pipe-amygdales mentioned
in the previous paragraph.

Structure.— Small-scale isoclinal folding is often an obvious

feature of the geology of the Loch-Awe Nappe. The isoclinal

folds and the concomitant cleavage are disposed with a marked
tendency to fan-arrangement—steep or vertical along an axial

belt, and inclined inwards on each side. Despite all this, there is a

fine simplicity in the surface-distribution of the rocks. The Loch-
Avich Slates have an outcrop in the neighbourhood of Loch Awe,
and the other subdivisions follow round about it in the order given

in the table. This simplicity betokens a general synclinal or anti-

clinal structure for the district as a whole. Mr. Hill, who, as will

be remembered, instituted the separation of the Loch-Awe and
Ardrishaig Groups as two great stratigraphical units, always

referred to the structure of the district as synclinal. I do not

know what influenced Mr. Hill in this matter, but there are two
very good reasons, which were open to anyone to make use of at the

time when he wrote on the subject: the first is the upward structural

succession encountered north-westwai-ds from the flat central belt

of the Cowal Anticline ; and the second is the obvious emergence
of the Ardrishaig Phyllites from beneath the outcrops of the Shii-a

Limestone and Crinan Quartzite where these latter terminate

northwards across the general strike of the folding.

My own observations afford additional proofs of the existence of

^ I am not certain that the photograph (1911, pi. iv) was not taken, by
mistake, of an overlying lava.

^ See also 1922, Report A, par, 3.

Q. J.G. S. No. 310. H
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the Loch-AAve Syncline. They show ascending structural succes-
sions towards the Loch-Awe country in the adjoining districts of
Islay and Glen Orchy (1917, 1912 h)^ and also an upward structural

succession from Crinan Quartzite through Tayvallich Slates into
Loch-Avich Slates within the limits of the Loch-Awe Nappe (1918 b,

pp. 292, 294 ; 1911, pp. 65-68).2

There is nothing in what has been noted above that suggests
bodily transport of the Loch-Awe Nappe. The obvious fan-folding
may be taken as a typical example of movement outwards in two
directions from a central axis. Such movement would not be
expected to belong to a period of advance of the nappe as a whole

;

it seems connected rather with the s^mclinal depression which
affected the nappe after its mise en place. Anticipating much
that has yet to be discussed, one may state that the Loch-Awe
Nappe travelled into its present position from the north-west.
The evidence relied upon is afforded by the distortion of the
underlying rocks, leading, among other results, to the production
of the recumbent syncline of Ben Lui (PI. I & fig. 4, p. 102).

The Iltay Nappe.

Constitution.—The following succession has been traced in

that part of the South-West Highlands which is fashioned out of

the Iltay Nappe (PL I) :—

Leny Grits witli slates (or phyllites) of the Aberfoyle type.

Aberf oyle (or Dunoon) grey, green-grey, buff- coloured, purple, and
black Slates (or Phyllites) with numerous thin limestone- and
grit-bands.

Ben-Ledi (or Beinn-Bheula) Grits, grey phyllites (or mica-schists),

and aJbite-schists (or gneisses), with locally important chlorite-

epidote-schists (Green Beds). Garnets are common north-east of

the albite-zone (fig. 3). Oligoclase-pebbles are often said to be
characteristic of the Ben-Ledi Grits ; my experience is that the

common felspar-pebbles are albite and more or less perthitic

orthoclase.

Green-Bed Group, in which chlorite-epidote-schist, often gritty, is

strongly developed. Hornblende is common north of Cowal.

Pitlochry (or Glen-Sluan) Schists and Grits. The schists

carry albite in Cowal and garnet farther north (fig. 3).

Loch-Tay light to dark grey crystalline Limastone (or marble),
sometimes mottled with black calcite- crystals ; in large part a
calcareous schist or quartzite. Almost always invaded by epidiorite-

sills.

Ben-Lui Garnetif erous Mica-Schist with grits and minor Green
Beds

;
graphite-schists, interbedded with phyllitic garnetiferous

mica-schist, mark the edge against the Ben-Lawers Group in the

St. Catherine's district of Upper Loch Pyne. Limestone also occurs.

In the district of Lower Loch Fyne garnets are but poorly developed.

Ben-Lawers Calcareous Schists (or phyllites), with some
limestone and fine-grained quartzite. The calcareous material is

disseminated, and is often only clearly visible in quartzose lenticles.

Easdale black graphitic Slates (or Schists), with subordinate bands
of quartzite and black limestone.

^ See also 1922, Rep. A, par. 4. ^ Ibid, Eep. A, par. 2.
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Transition Group, including- Black Slates and Quartzites. Con-
glomerates occur in Scarba, Jura, and Islay, and grey pliyllite

(Port Ellen Phyllites) in Southern Jura and Islay. There are

also limestone-bands, sometimes pebbly.

Islay Quartzite in part pebbly, especially towards the margin of the

Transition Group : locally, a flaggy dolomitic group occurs within the

quartzite not far from the Portaskaig Conglomerate (Northern Islay)

;

locally also, a flaggy semipelitic pebbly group develops not far from
the Transition Group (Northern Jura, Scarba, etc.).

Portaskaig Conglomerate, with nordmarkite and other boulders.

Islay dark-grey Limestone, locally oolitic; this limestone and the

MuU-of-Oa Phyllites are to some extent interbedded.

Mull-of-Oa grey or greenish Phyllites with dark colour-striping

;

thin cream-coloured sandy dolomites are common in some exposures.

Maol-an-Phithich fine-grained Quartzite.

It must not be thought that the succession outlined here is to

be met with as a whole in any one locality in the South-West
Highlands. The constitution of the Iltay Nappe varies notably

from place to place, according to the positions of the thrust-planes

which serve as its boundaries above and below. The variation can

be summarized as follows (see PI. I) :

—

District. ! Partial Succession.

(a) Islay Archipelago, north-west of

the Loch-Awe Nappe.
(b) Kintyre and Cowal, soixth-east of

the Loch-Awe Nappe.

(c) Strip connecting (a) and (b) round
the northern end of the Loch-
Awe Nappe.

(d) North-eastward continuation of

(&) and (c) towards Loch Tay.

Maol-an-Fhithich Quartzite to Eas-
dale Slates.

Ben-Lawers Schists to Leny Grits

(with a concealed underground
continuation of the rocks of the

Islay Archipelago).

Islay Quartzite to Easdale Slates.

Islay Quartzite to Leny Grits.

The detailed evidence upon which I base my reading of the

stratigraphy of the Islay Archipelago («) has been recently

explained in the Quarterly Journal of this Society (1917).
It must be admitted, however, that Dr. Peach and Mr. Wilkinson
previously put forward an interpretation differing in various im-
portant particulars (1907 a). The statement of the Kintyre, Cowal,

and Loch-Tay sequence (5 & d) represents the verdict of my prede-

cessors—Clough, Cunningham-Craig, Macnair, Hill, Kynaston, and
Grrant Wilson. The three last-named are more especially responsible

for tracing that part of the succession which extends through the

Calcareous Schist (Ben-Lawers G-roup) into the Black Schist and
Pebbl}'' Quartzite cropping out farther north. The geology of the

intermediate belt (c), complicated as it is by granitic intrusion,

has not been adequately described as yet, and will according!}^ be
dealt with later on (p. 117).^

It will be readily understood, after what has just been stated,

that definitely synthetic treatment is requisite to realize the full

^ See also 1922, Report A, par. 8.

h2
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sequence of the Iltaj Nappe as developed in the South-West
Highlands—that is, so long as one is restricted to the use of local

evidence. I am delighted to say that it is possible to arrive at the

result more simpl}^ along a quite independent line of enquiry.

The same long stratigraphical sequence occurs in the South-

Central Highlands, under conditions which render it relatively

easy to read. Once read, its application to the South-West is a

matter involving fairly obvious correlations. All this was realized

many years ago by Mr. George Barrow (1913 h, p. 306 ; 1917,

p. 160), whose sequence for the South-Central Highlands can be

found on turnino- to Sir Archibald Geikie's first Presidential

Address to this Society (1891, Proc. p. 74). It is, however, only

fair to remind the reader that in the Central Highlands, as in the

West, grave differences of opinion exist as to the interpretation of

local successions. The question at issue is whether the Perthshire

(Islay) Quartzite is part of the general sequence, or whether it is

an unconformable unit. Mr. Barrow adopted the former alterna-

tive, and, after careful examination of the Pitlochry and Blair-

Atholl districts, I have no doubt that he is justified by the nature

of the evidence. As to the possibility of detailed correlation

between the Central and the Western Highlands, there has long

been sufficient excuse for optimism. Macculloch did well, when he

wrote in 1819 of his discovery of a schistose conglomerate in the

Garvellach Isles, ' which,' he said, ' will be seen hereafter to occur

in Isla, and which I have also observed in Schihallien ' (1819,

vol. ii, p. 159). This conglomerate is characterized by its abundant
nordmarkite-boulders, its frequent close resemblance to tillite, and
its well-defined stratigraphical associates.

We may pass now to another important feature of the Iltay

Nappe. Clough directs special attention to the recurrence of
* green beds ' on widely different horizons in the Cowal succession

(1897, p. 89). It is impossible to account for all these scattered

outcro2:>s by assigning them to a single group, reduplicated by
folding—as a matter of fact, good examples occur on both sides of

the Loch-Tay Limestone. Accordingly, Clough was impressed by
the evidence which the re^Dctition of this peculiar type of sediment

affords of continuous deposition, from what he took to be the mar-
ginal portion of the ' Ardrishaig Phyllites.' well nigh to the Dunoon
boundary of the Ben-Ledi Grits and Schists. On cjuite other

grounds I have had to transfer some of Clough's ' Ardrishaig

Phyllites ' to the Ben-Lawers Group (p. 121) ; and, in default of

more precise local evidence, I have been guided in mapping the line

of the separating thrust by the improbability of ' green beds

'

continuing in Cowal across the boundary of the Iltay Nappe.
At the same time, I think that Clough rather exaggerates the

peculiarities of the ' green beds.' He compares them with the

epidotic grits, etc., of the Lower Torridonian of Skye ; he might
have extended the comparison, I believe, to certain Ordovician

sediments (for instance, the Tappins Group) figuring prominently

in the Southern Uplands.
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Original order of deposition.—Three reasons can be

adduced for regarding the column on pp. 98-99 as arranged in

descending order of age, with Lenj Grits at the top and Maol-an-

Fhithich Quartzite at the bottom :

—

(1) Beannan Dubh, a little hill halfway along the eastern coast of Islay,

is composed of an outlier of typical Portaskaig Conglomerate lying flatly

upon an extensive outcrop of Islay Limestone. Sandy cream-coloured dolo-

mites are conspicuous as intercalations in the conglomeratic series, and appear

to have suffered ' contemporaneous erosion,' yielding fragments to the overlying

interstratifications of conglomerate. One of these dolomite-bands, whiter

than usual, can be traced for a couple of hundred yards. It has a regular

base resting upon shale, and a highly irregular top with cavities choked by
downward extensions from an overlying stratum of well-bedded gritty dolomite.

Along the jagged junction there is often a foot or two of coarse breccia

consisting of angular blocks of white dolomite enclosed in a brown gritty

matrix (1917, p. 143).

There seems no room for doubt, when one is faced with this exposure, that

the Portaskaig Conglomerate is here ' right way up,' and therefore of later

date than the subjacent Islay Limestone,

(2) A very suggestive sequence, from grey slate, to black slate, to con-

glomerate—charged with black slate-fragments, to quartzite, is found at

the southern extremity of Islay. I have described and figured the section

(1917, p. 154), and need only repeat that this particular conglomerate appears

to be younger than the associated black slate ; and that such an inference,

combined with my reading of the local stratigraphy, leads to the further

conclusion that the Port-Ellen Phyllites (and therefore also the Easdale Slates)

are younger than the Islay Quartzite.

(3) Clough's evidence for repeated south-eastward movement in Cowal has
already been discussed (p. 89). It seems highly probable that his Carrick-

Castle Fold (pp. 86 & 103) developed during some phase of these south-eastward
directed disturbances. Accordingly, since the fold closes south-eastwards, it

is natural to regard it as a recumbent anticline,^ and to expect it to contain a

core of relatively old rocks—in other words, to regard the Loch-Tay Limestone
and its associates as older than the Ben-Ledi Grits and Aberfoyle Slates. It

is only fair, however, to state that this apparently justifiable inference

escaped Clough's notice. He did, indeed, refuse to follow the common custom
of assuming that the reverse succession had been established ; but his position

was entirely negative—in fact, he said that the schists of Cowal had afforded

him no clue whereby to determine their age-relations (1897, p. 86).

Passing reference has just been made to a prevalent opinion that

the order of deposition is the exact reverse of that which is given

above. I believe I am justified in saying that the sole foundation

for this view is a widespread structural superposition of the Loch-
Tay Limestone, Pitlochry Schists, and Green Beds upon the Ben-
Ledi Grits and Schists in a tract of country reaching from Kintyre,

north-eastwards past Loch Tay. When Sir Archibald Geikie, in

his Presidential Address to the Geological Society, spoke of the

Loch-Tay region (1891, Proc. p. 73), he said :

' It is difficult to resist the belief, though it would be premature to conclude,

that this obvious and persistent order of succession really marks the original

order of deposition.'

^ The Carrick-Castle Fold closes downwards in its type-exposure, and
Clough calls it a ' syncline.' The apparent contradiction is one of terms, not
of ideas.



102 MR. E. B. BAILEY OlS" THE STRIJCTrEE OF [vol. Ixxviii,

His words are very true, for in the interval few of the geologists

who worked under him have resisted the belief, although Clough
in this, as in so many other directions, Avas a notable exception to

the rule. Clough pointed to his Carrick- Castle Fold as a warning,

since structural superposition in the two limbs of this fold naturally

gives contradictor}^ results if it be employed as an index of relative

age (1897, p. 86). With increasing knowledge of the complexity

Fig. 4.

—

The two greatfolds of the Iltay Napjpe.

of Highland structure, it is not too much to say that the difficulty

of resisting the temptation of arguing from superposition to

relative age has steadily diminished. Clough's criticism can be
applied with great force, for instance, in the comparison of the

Loch-Tay region and the Islay Archipelago. Here, again, the
order of the superposition in the one case is the very reverse of

what it is in the other (fig. 4).
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Structure.—If for the moment the results of secondary folding

are set aside, the main structural featm-es of the Iltay Nappe can

be stated in a few words (fig. 4).

In its lower portion the sequence is predominantly normal.

Thus, in Islay, the Islay Quartzite overlies the Portaskaig Con-

glomerate and Islay Limestone (1917, pi. xii); and, in conformity

with this, all the way from Luing to Dalmally the Easdale Slates

persistently separate the Islay Quartzite from the overlying Loch-

Awe Nappe (pp. 114, 118, & 119).

At higher levels, recumbent folding sets in, as proved by an

extensive inversion of Loch-Tay Limestone, Pitlochry Schists, and
Green Beds over the Ben-Ledi Grits. The flat-l3dng geology of

the Loch-Tay district, mapped b}'' J. S. Grant Wilson (Sheet 46),

has become too familiar to detain us ; all that need be said is that

the inversion of the Loch-Tay Limestone is revealed as holding

good for some 15 miles measured across the strike. Far less

famous, but equally instructive, is a set of exposures at Campbelton
in Kintyre, where a restricted subsidence (perhaps of Tertiary date)

has led to the preservation of a little coalfield in the axial regions

of the Covval Anticline. The Loch-Ta}'^ Limestone and overlying

schists are seen to advance their outcrops notably to the east as

they come within the sphere of influence of the depression, whether
their approach to it be followed from the north or from the south.

It was a great pleasure to me, on visiting the ground in 1919, to

find how accurately R. G. Symes, with Dr. Peach's assistance, had
traced the main exposures of limestone and associated epidiorite

(Sheet 12) : it was also delightful to realize on the ground how
clearly the Loch-Tay Limestone overlies the Ben-Ledi Grits, etc.,

which constitute the main part of the peninsula of Kintyre, both
north and south of the depression.

The normal sequence of Islay and the inverted sequence of

Loch Tay are seen in conjunction on the slopes of Ben Lui.

Together they supply the two limbs of a great recumbent fold

(fig. 4) 1 ; the normal sequence furnishes the lower limb, the

inverted sequence the upper (p. 124). In such circumstances, as

I have already pointed out, it is difficult to regard the Ben-Lui
Fold as anything but a syncline, and since it can be seen to close

towards the north-west, it has all the appearance of being a product

of south-eastward movement (p. 89).

At still higher levels, the Loch-Tay inversion gives place to a

normal sequence once again, this time through the intervention of

the Carrick-Castle Fold, which (as might be expected) closes

south-eastwards (p. 86). It has already been pointed out that

this fold is probably an anticline, because of Clough's reading of

the local evidence of south-eastward movement (p. 101) ; of course,

if Clough's evidence were not available, the same result would
have been arrived at on my reading of the original order of

deposition.

^ See also 1922, Eeport A, par. 5 ; Report B.
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The secondarT folding of the Iltay Xappe has been mentioned
on several occasions already (fig. 1). One main featm-e is the
synclinal fan of Loch Awe followed in relay by that of Ben Lawers.
South-east of this lies the Cowal Anticline oveilm-ned (north-east

of Abei-foyle) south-eastwards. On the north-west lies the Islay

Anticline, overturned north-westwards in connexion with the Loch-
Skerrols Thrust. It is important to reahze that the relationship

of the Loch-SkeiTols Thrust to the Islay Anticline shows almost
certainly that this particular thrust is of rather late date in

Southern Highland history ; and also that it originated during a

phase of north-westward movement. There is additional and quite

independent evidence for the inferred north-westward movement.
The nature of the foundation which emerges from beneath the
Loeli-Skerrols Thrust is such as to suggest a correlation bet^veen

this important dislocation and the Moine Thiaist of Eoss and
Sutherland (1917. fig. 3, p. IBS; ; and it is well known that the
displacement along the Moine Thrust has been directed towards
the north-west (pp. 88 ct 90).

The Ballappel Foundation.

Constitution.—The Eilde Flags are one of the most im-

portant sti-atigraphical units of the Ballappel Foundation. For
reasons already explained (p. 94). certain rocks situated on a

lower structural level than the Eilde Flags of the Loch-Eilde Mor
outcrop are classified in PI. I as constituents of a Sub-Eilde

Complex. In a stratigraphical sense the rocks of the Sub-Eilde

Complex are incerice sedis. Their cover, however, can bearrano-ed

in sequence as follows (1910 r/, 1912 h, 1911. 19161 ;—

Eilde riags (commonly classed with the Moine Gneisses of the Central

Highlands).

Quartzite and 3Iica-Schist assemblage including two certain

members, the Glen- Coe Quartzite and the Leven Schists (Mr. E. G.

Carruthers argues for six instead of two subdivisions, see p. 9-i). The Glen -

Coe Quartzite is fine-grained, except that near the head of Loch Creran
and in Glen Strae it cari-ies conspicuous pebbles. The Leven Schists are

greenish-grej mica-schists (or phyllites) with a marked tendency to lamina-

tion. They are often somcAvhat garnetiferous, and in the districts of Glen
Spean and Glen Etive they are i-ich in pseudomorphs aft^r actinolite. A
feature of the group is the Banded Series, which connects the more pelitic

portions with the Glen-Coe Quartzite ; in this Banded Series, quartzose beds

are very common, while black graphitic seams and calcareous lenticles are

generally to be found. The Banded Series is. as a rrde, subordinate in bulk :

but it assumes immense proportions about the head of Loch Creran. and
thence north-eastwards towards Loch Etive.

Ballachulish Limestone, of which there are two main subdivisions

—

(1) bands of cream-coloured limestone at the margin of the Leven Schists

followed by pale-grey, more or less calcareous mica- schist, often highly

quartzose, and (2) a dark-grey or black, relatively pure limestone at the

margin of the Ballachulish Slates.

Ballachulish black graphitic and pyritous Slates.
Appin Striped Transition Series.
Appin Pebbly Quartzite.
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Appin, cream-coloured, pink or dark- striped, dolomitic Limestone;
sometimes in two well-marked subdivisions separated by flaggy qviartzite

and phyllite.

Appin grey Phyllites (or Mica-Schists), often with a large propor-

tion of flaggy quartzite.

C u i 1 - B a y black graphitic Slates.

Original order of deposition. — The local evidence of

relative age is much less conclusive in the Ballappel Foundation

than in the preceding cases. I venture, however, to suggest that

the order of statement in the previous section, with Eilde Flags

at the top and Cuil-Bay Slates at the bottom, corresponds with

the original order of deposition. My reasons are as follows :

—

(1) Stratigraphical correlation between the great structural subdivisions of

the Highlands is at the present time tentative. Still, there is much to be
said for the commonly accepted view that the Ballachulish Slates, Easdale
Slates, and, in a broad sense, the Tayvallich Slates are on one and the same
horizon (p. 106). If so, then, since the Easdale and Tayvallich Slates can
both be shown to be younger than their associated pebbly quartzites, it

follows that the Ballachulish Slates are younger than the Appin Quartzite.

(2) Such a belief is in accord with the interpretation of the best-known
slides of the district as thrusts (p. 90).

(3) Such a belief leads also to the conclusion that the great recumbent
folds of the Ballappel Foundation originated during south-eastward movement
in conformity with the phenomenon that took place at higher levels, as

evinced by the Ben-Lui and Carrick-Castle Folds.

Structure.—The stratigraphical characteristics of the Bal-

lappel Foundation are wonderfully helpfuL The groups are, for

the greater part, both distinctive and constant. This renders

mapping easy, and the reading of tectonic features correspondingly

accurate and full. The more important results are as follows :

—

(1) Great recumbent folds are characteristic of the district.^ Two main
examples, both of them closing south-eastwards, have been named the
Ballachulish and Appin Folds respectively.

(2) The development of these great folds has been accompanied by very
extensive sliding "^

: in any particular fold, slides are not necessarily restricted

to one limb—they may occur in both ; some of them are thrusts, some lags.

The Ballachulish Slide, which occurs in the lower limb of the Ballachulish

Fold, is interpreted by Mr. Macgregor and myself as having a displacement of

more than 24 miles (1912 b, p. 174; the irreducible minimum is 9 miles, 1916,

p. 83).

(3) The recumbent folds and associated slides have been subjected to

extensive secondary folding, often thousands of feet deep and isoclinal in

character. A pronounced example is the Glen-Crer'an Syncline (fig. 1, p. 84),
which may be regarded as a partial northward continuation of the Loch-Awe
Syncline ; the Glen-Creran Syncline is separated from the Ben-Lawers
Syncline by a comparatively gentle anticline named after Glen Orchy (1912 b).

Althougli slides of two kinds occur, it is i-easonable to suppose

that the dominant slides of the district are of the nature of thrusts,

not lags. In my judgment the two most important slides are

the Ballachulish and Fort-William Slides, which characterize the

^ See also 1922, Report A, par. 5 ; Report B.
^ Ibid. Report A, par. 5.
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lower limbs of the Ballachulish and Appin Folds respectively.

I venture, therefore, to class these two slides as thrusts, which
means, of course, that the Ballachulish and Appin Folds are anti-

clines, and that their south-eastward close is an indication of

south-eastward movement.
The identification of the Ballachulish and Fort-AVilliam Slides

as thrusts opens the Avay for the entrance of ' nappe terminology.'

That portion of the Ballappel Foundation which occurs above the

Ballachulish Thrust may be assigned to the Ballachulish
Nappe, and is coloured accordingly in PL I; the next great

mass, bounded above and below by the Ballachulish and Fort-

William Thrusts respectively, may be spoken of as the Appin
Nappe.
A glance at PI. I shoAvs that the Ballachulish Nappe extends

as a recognizable entity eastwards from Ballachulish to the limit

of the district under consideration. Westwards between Loch
Leven and Loch Creran it has been locally removed bv trans-

gression of the Iltay Nappe, which there rests directly upon the

Appin Nappe. This latter is a very well-defined structural mass
in the western part of the area, where it overlies a foundation

consisting mainly of Eilde Flags (p. 94). South of the point

where the Fort-William (Meal-a'-Bhuirich) Thrust is shown in

PL I as losing itself in the F]ilde Flags, the definiteness of the

Appin Nappe fails. In this part of the district, the outcrops of

the Sub-Eilde Complex serve as a valuable index to the general

structure of the ground.

Suggested Stratigraphical Correlations.

My many years' experience of the rocks of the three great

structural subdivisions of the South-West Highlands has impressed

m.e as much with their contrasts as with their resemblances ; the

Eilde-Flag and Grien-Coe Quartzite facies belong to the Ballappel

Foundation ; the Ben-Ledi Grit facies to the Iltay Nappe ; lavas

and volcanic breccias are confined to the Loch-Awe Nappe.
The most marked resemblance is the recurrence in each district

of a thick series of sediments in which the sequence is black slate,

transition series, pebbly quartzite, limestone. The agreement, so

far as black slates ^ are concerned, is closest between the Ballachu-

lish Slates of the Ballappel Foundation and the Easdale Slates

of the Iltay Nappe, both of them the seats of an important

roofing-slate industry. The comparison of the transition zone is,

on the other hand, more tellino- in the case of the Iltay and Loch-
Awe Nappes, where a conglomeratic tendency very commonly
shows itself in this position as characteristic of a mixed assem-

blage of black slate, black limestone, and quartzite. Some of the

slate- and limestone-bands, as well as the quartzite, are charged

^ It is an arguable point whether the Loch-Avich and TayYallich Slates

are not wholly included in the transition zone.
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with pebbles of quartz and felspar, and where these are par-

ticularly big they are often accompanied by rock-fragments. In
the main, these latter are strictly local in origin (slate, limestone,

quartzite, and, in the Loch-Awe Nappe, lava) ; but nordmarkite

and other foreign boulders have been found by H. Kynaston
(1908 Z», p. 31) and Dr. B. N. Peach (1911, p. 71) at two
important localities in the Loch-Awe Nappe.

Dr. J. S. Flett (1911, p. 75) has shown that the foreign boulders

of the Loch-na-Cille Conglomerate (Loch-Awe Nappe) agree

in type with those occurring in the Portaskaig Conglomerate

of the Iltay Nappe. This is a very significant fact, for it

emphasizes what most Highland geologists consider a certainty,

that much of the quartz and alkali-felspar of the Crinan Quartzite

(Loch Awe) came from the same source as the similar material of

the Islay Quartzite (Iltay). But the reader is warned against

thinking that. the nordmarkite-boulders afford evidence for corre-

lating the definitely volcanic conglomerate of Loch-na-Cille with
the definitely non-volcanic conglomerate of Portaskaig. The two
are distinct, both in character and in associates. The difference

of character depends mainly on the circumstance that at least 90
per cent, of the fragments included in the Loch-na-Cille Con-
glomerate are of lavaform rocks unknown in the Portaskaig

Conglomerate. The contrast of associates Avill be understood from
the following statement :—The Crinan and Islay Quartzites, viewed
broadly, are in each case susceptible of twofold division : one part

is fine or relatively fine in texture, the other coarse. The Loch-
na-Cille Conglomerate lies on the coarse side of the Crinan

Quartzite, in a position marked by constant recurrence of con-

spicuous quartz- and felspar-pebbles. The Portaskaig Conglo-

merate, on the other hand, lies on the fine-grained side of the Islay

Quartzite.

Without elaborating the subject, I offer below a table of corre-

lation. It is important to remember that age-sequences have
been fixed by very convincing evidence in the Iltay and Loch-Awe
Nappes, and by suggestive relationships in the Ballappel Founda-
tion. This in itself adds to the weight of the proposed cor-

relations :

—

Loch Aive.

Tayvallicli Slates, Lime-
stones, and Conglome-
rates.

Crinan Quartzite.

Shira Limestone.

Ardrishaig Phyllites.

Erins Quartzite.

Titay.

Ben-Lui Schists.

Ben-Lawers Calc- Schists.

Easdale Slates.

Transition Zone.

Islay Quartzite.

Portaskaig Conglomerate
and Islay Limestone.

Ballappel.

Leven Schists.

Ballachulish Limestone.

Ballachulish Slates.

Striped Series.

Appin Quartzite.

Appin Limestone and
Phyllites, and Cuil-

Bay Slates and (pos-

sibly) Lismore Lime-

stone.

Mull-o£-Oa Phyllites.

Maol-an-Fhithich Quartzite.
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The inter-nappe correlations suggested above are treated in this

part as an end in themselves. They are not emploj^ed as links in

the chain of evidence supporting the general structural interpreta-

tion, except in so far as they add somewhat to the strength of the

conclusion that the Ballappel succession is correctly stated in

descending order of age on p. 104. I may add, perhaps, that a

visit to Blair Atholl (Perthshire) in 1920 impressed me very
strongly with the value of the correlations here suggested. One
cannot well question that the Perthshire Quartzite as exposed in

Ben-y-Glo belongs to the Islay Quartzite, and yet its associates

remind me irresistibly of Appin Limestone and Phyllites (with a

weak development of Portaskaig Conglomerate) followed by Cuil-

Bay Slates and Islay Limestone. In the Ballachulish district the

sequence ends with Cuil-Bay Slates— unless the tantalizingl}^

isolated Lismore Limestone, restricted to island occurrences, be
distinct from the Ballachulish Limestone with which it has been
hitherto correlated.

^

III. Ceitical Discussion of the District beaching feom
Aedmucknish to Ben Lui.

Having now clambered somewhat laboriously from the summit
of the Loch-Awe Nappe across the Iltay Nappe right down to

the Ballappel Foundation, the reader is in a position to turn

round, as it were, and view with comprehension the outstanding
features of the structural succession considered as a whole. Near
Dalmally, the outcrops of the Loch-Awe G-roup and Eilde Flags
approach unusually close, while whole assemblages, well known to

intervene between these two farther north-west or south-east, as

the case may be, are here entirely absent (fig. 5, p. 109). It is

miy present task to indicate how some of these discrepancies are

attributable to recumbent folding ^ and others to thrusting, and
in so doing to bring my long description to a close. Unfortunatelj^,

it will be impossible to avoid the introduction of considerable local

detail, for much of the reasoning is based on hitherto-unrecorded

field-observations.

Appin and Ballachulish Folds.

Since the Appin and Ballachulish Folds have been very fully

described (1910 «; 1912 & ; 1914; 1916), the following dogmatic
statements regarding thera must suffice :

—

(1) The two folds close quite clearly south-eastwards.

(2) The groups enumerated in explanation of A & B, fig. 5, and with
them the Ballachulish Limestone, do not continue far underground in the core

of the Appin Fold. I once thought that a limestone exposed near Loch
Dochard (12 miles south-east of Ballachulish) was probably the Ballachulish

Limestone enclosed in the Appin Fold ; but I now regard it as occupying a

lower structural level (p. 94).

^ It is coloured as Ballachulish Limestone in PI. I.

^ See also 1922, Report A, par. 6.
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(3) Of the groups enumerated in explanation of A & B, the Cuil-Bay
Slates are unrepresented in any exposure of the Ballachulish Fold ; in the

same fold the Appin Phyllites and Limestone do not extend into Glen Coe, and
fail to reach more than about 2 miles east of the head of Loch Creran (1914,

pi. xlv) ; the Appin Quartzite continues to Glen Coe, about a mile east of

Ballachulish, and then stops ; while near the head of Loch Creran it is found
no farther east than the Appin Limestone ; the Ballachulish Slates are still

recognizable, some 10 feet thick, in Coire Mhorair, half-a-dozen miles east of

Ballachulish : they are, however, absent in the Windows of Etive, and near
the head of Loch Creran are little more persistent than the associated Appin
Quartzite, Limestone, and Phyllites.

(4) Admittedly, the limitations just outlined are rendered a little indefinite,

owing to the part played by slides in the construction of the Appin and
Ballachulish Folds. At the same time, I hold (and I do not think that anyone
familiar with the evidence would disagree) that the Appin Quartzite and

Fig. 5.

—

Diagrammatic section illustrating the geological

contrasts north-ivest and south-east of Dalmally.

N.W. S.E.
KINTYRE,

APPIN DALMALLY COWAL, *
LOCff TAY

Y

I
V Loch Awe. Group

E,ASDA LB OlatES

lsLf\Y QoAArz/T^

Ejloe fiLAGS

Sub -£u D£ C OA7/»/.£ X

[A & B=: Cores of the Appin and Ballachulish Folds constituted of Cuil-Bay
Slates, Appin Phyllites, Appin Limestone, Appin Quartzite, and Balla-

chulish Slates.

L= Core of the Ben-Lui Fold, constituted of Ben-Lawers Schists, Ben-Lui
Schists, Loch-Tay Limestone, Pitlochry Schists, Green Beds, Ben-Ledi
Grits and Schists, Aberfoyle Slates, and Leny Grits.]

Ballachulish Slates do not extend south-east of the Windows of Etive in

either the Appin or the Ballachulish Fold.

(5) The Ballachulish Nappe can be recognized with considerable confidence

in the Dalmally district, where it has been interpreted as consisting of a

great mass of Leven Schists overlying a tolerably constant remnant of

Ballachulish Limestone. Mr. M. Macgregor and I have succeeded in tracing

its outcrop from the south-eastern corner of the Etive Granite, right round
the Glen-Orchy Anticline to Ben Doirean and beyond (1912 b, p. 172 & pi. x).

The limestone rests, through the intervention of the Ballachulish Thrust,

upon an attenuated representative of the Banded Series of the Leven Schists.

The Banded Series in its turn rests on Glen-Coe Quartzite, very thick in the

south and thin or absent in the north, and below this come Eilde Flags with

local exposures of the Sub-Eilde Complex at Ben Udlaidh and (presumably)

at Loch Dochard too.



^
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Contact of the Ballappel Foundation and the

Iltay Nappe at Loch Creran.

Several workers have attacked the difficult problems o£ Loch
Creran at one time or another in the past—Symes, Grant Wilson,

Kynaston, Peach, and myself. Looking back at our record of

partial success and partial failure, I feel that the difficulties as

they at first presented themselves were insurmountable—that, in

fact, we were confronted with a geological redoubt that could not

be expected to capitulate until the whole surrounding country had
been subjugated. In the summer of 1919 I renewed the assault,

and remapped on the 6-inch scale the critical portion of the district

covered by fig. 6. I then found that the present state of our

knowledge of the South-West Highlands afforded a simple solution

of much that had been previously inexplicable.

The thrust shown as a thick black line in fig. 6 divides the

district into two dissimilar portions. These will now be considered

in some detail from north-west to south-east. First of all, it may

"

be stated that the dip everj^where tends to be steep, while the

more yielding rocks show very obvious corrugations.

The Ballappel Foundation, north-west of the Thrust.
—Three lithological belts have been mapped, succeeding one

another from north-west to south-east as follows :

—

(1) Limestone, never fully exposed, owing to limitation on the nortk-west

by sea or raised beach. Four good exposures occur : the northernmost on
the shore west of Airds Hill ; the next on the eastern shore of Airds Bay ; the

next on the western shore of Eriska ; and the southernmost on the shore at

Ardentinny. The northernmost exposure is the fullest, and measures some
200 yards across the strike. It reads as follows from north-west to south-

east :—Dark-grey highly-calcareous slates, mth thin grey limestone-seams
;

dark-grey slates ; sandy-grey limestone weathering brown, except that some
of the purer bands weather grey ; thick, white, sandy, thinly-bedded limestone

weathering brown
;
passage to grey phyllite, which at first has white limy

streaks.

(2) Phyllite, constituting a belt rather more than a mile wide, and well

seen in coastal and inland exposures. The deposit is predominantly greenish-

grey, and is in part laminated, in part homogeneous. As very subordinate

characteristics of the belt, one may note the occasional occurrence of slightly

calcareous bands, isolated layers of quartzite, and also seams of dark phyllite.

(3) Limestone.—The best exposures from north to south are :—At the

northern edge of fig. 6, beside a hill-track 500 yards south-south-east of

Strathappin Farm—ochreous-weathering calcareous phyllites, with a band of

sandy white limestone ; 400 yards north-north-west of Ledgrianoch Farm
and about 50 yards east of the high road—buff-weathering phyllitic limestone

seen for 20 yards across the strike ; beside the path east of Ledgrianoch

—

ochreous-weathering calcareous phyllites (and here I may say that these

three very important exposures north of Loch Creran might very easily have
been overlooked, and that we owe their discovery entirely to Grant Wilson).

East of the road and west of Lochan Dubh—pale phyllitic limestone ; and,

lastly, a series of exposures, a mile and a half long and 100 yards broad,

leading to the coast at Camas an Fhais—very calcareous phyllites with white

or yellowish limestone-beds, and (on the shore) a few feet of black slate and
black limestone on the south-east side of the outcrop.
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The claim that these three lithological belts belong to the

Ballappel Foundation is easily vindicated. The limestone (1) is

the southern continuation of the Ballachulish Limestone, which, in

the upper limb of the Appin Fold, continues north-eastwards beyond
the limits of fig. 6 for more than 30 miles. As has been already

stated, the exposure of the limestone Avithin the area covered by fig. 6

is incomplete ; it is on this account that one cannot point to a purer

black portion of the belt, but what is seen is thoroughly typical

in character. Its associates on both sides—the gap in the section

on the north-west side is not extensive—tell exactly the same tale.

Of these associates the phyllite (2) on the south-east is manifestly

the southern continuation of the western part of the type-outcrop

of Leven Schists. It presents no noteworthy change of character,

except a decrease in metamorphism (fig. 3), and this difference

traced on the ground is found to make its appearance quite

gradually. Finally, the limestone (3) must be regarded as a

folded reappearance of the Ballachulish Limestone. It reproduces

exactly the characters which are found in the limestone (1) with
this addition that, in the southern coast-section (Camas an Fhais),

it shows what may be regarded as a beginning of the pure black

portion of the group.

The Thrust.—The heavy black line of fig. 6 stands for a

thrust. The local evidence points clearly to a dislocation of first-

class importance, and this evidence I shall now consider under two
headings :

—

(1) In the first place, the succession of the Ballappel Foundation, as exem-
plified close at hand in the core of the Appin Fold or at the head of

Loch Creran in the core of the Ballachulish Fold (1914 ; 1916, p. 51),

would lead us to expect one of two things on crossing the south-eastern lime-

stone belt : either a return to Leven Schists or, failing this, a continuance

into the black part of the Ballachulish Limestone followed by Ballachulish

Slates. Instead, one steps abruptly on to a quartzite, which in the south is

of imposing dimensions.

(2) Two exposures of the junction of the limestone with the unexpected
quartzite can be closely examined. One occurs west of Lochan Dubh,^ the

other on the shore at Camas an Fhais. In both cases the ocular evidence of

movement is very striking indeed. The junction is definitely transgressive,

and the shearing is extreme

It will be noted that the evidence afforded by (1) is much more
serviceable in many waj^s than that derived from (2) : (1) impli-

cates the whole line of contact as traced in fig. 6 for half-a-dozen

miles ; whereas (2), considered by itself, might be interpreted as

of ver}"- local significance. That the dislocation, where well ex-

posed, is definitely betrayed by an appearance of excessive shearing

is due in large measure, I think, to the very low grade of meta-

morphism of this particular district (fig. 3).

Iltay Nappe south-east of the Thrust.—The series of

^ See also 1922, Report A, par. 9.
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rock-belts ushered in by the quartzite just mentioned present

themselves in the following order :

—

(1) Quartzite, forming- a continuous belt wMch. is easily traced, about
100 yards broad in its northern exposures, and 500 yards broad, where, in

Garbh Ard, it finally goes out to sea. It is essentially fine-grained (in fact,

pebbles are very rare indeed), thinly bedded, and white.

(2) Greenish-grey Phyllite with dark seams. In the north the outcrop is

600 yards wide, but is interrupted by four or five bands of quartzite,

with sufiiciently broad outcrops to be shown on a 6-inch map ; they are

probably folded repetitions of (1). Southwards the phyllite outcrop is un-
broken, and is only 100 or 200 yards wide. A good exposure is afforded on
the northern shore of Loch Creran, and another in a ridge, a little south of this

loch, at Baracaldine Castle. The phyllite is last seen succeeding the Garbh-
Ard Quartzite (1) south-west of Lochan Dubh.

(3) Black Slates followed by a mixed assemblage of Black Slate, Quartzite,

and subordinate Limestone.

The succession grouped under (3) can be studied in shore-

sections on the north side of Loch Creran (3«), or south of the

loch eastwards from Rudha Glarbh (3 5), or, again, at Selma on
Ardmucknish Bay (3 c) :

—

(3 a) North of Loch Creran, jet-black graphitic slates, rich in pyrites, give

place south-eastwards to black slates varied by the incoming of quartzite-

bands, some of them pebbly ; but, for about 1000 yards, these quartzite inter-

calations are quite subordinate. Then follows a belt of predominant
quartzite, forming a fairly prominent ridge. Where examined, the quartzite

of the ridge proved to be well bedded and associated with thin partings of

black slate. Pebbles were noted in some of its bands. Perhaps this quartzite

has a discontinuous outcrop pitching up into the air without actually

reaching the shore ; but the exposures leave this in doubt. Beyond a gap
in the coast-section (which appears to correspond to black slate with occa-

sional pebbly beds seen a little inland) fairly definite quartzite is once again
encountered, constituting the headland at the turn of the loch and also the
north-eastward trending coast for a mile beyond. The quartzite in these

excellent shore-exposures carries intercalations of dark and black slates, as

well as of more or less sandy, pale-grey, dark-grey, and black limestones. All

three rock-types (quartzite, slate, and limestone) are often seen to be pebbly
with large grains of blue and white quartz and felspar, and one of the
limestone-beds carries in addition small pellets of penecontemporaneous
sediment.

(3 h) The exposures south of the loch, east from Eudha Garbh, are too
similar to those just described on the opposite shore to deserve detailed

description. At Eudha Garbh, black slate predominates, pyritous as usual,

and associated with subordinate quartzite and black limestone. This belt is

followed eastwards by a succession of outcrops in which the mastery lies

sometimes with quartzite, sometimes with black slate ; while dark limestone

is in either case a subordinate, though characteristic, associate. The qixartzite

is generally fine in texture, but occasionally pebbly with grains of blue and
white quartz and also felspar ; and some of the dark slaty bands carry

similar pebbles. This alternation continues until slaty-grey phyllite takes it&

place about 100 yards west of a fault introducing lavas of OldKed Sandstone
age into the shore-section.

(3 c) The Selma exposures on Ardmucknish Bay recall those of Rudha
Garbh, with its black slate, limestone, and quartzose beds ; the section is

chiefly noteworthy for a cleaved breccia, which Dr. J. S. Flett has given good
reason to believe may be a crush-conglomerate (1908 &, p. 58).

Q. J. a. S. No. 310. I
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The assemblage of interbedded black slate and quartzite just

described is referred to the Iltay Nappe for two reasons :

—

(1) Character.—This mixed assemblage, except that it does not appear
to contain a definitely conglomeratic horizon, almost exactly reproduces the
Scarba development of the Transition Group connecting the Islay Quartzite
and Easdale Slates. Only two other groups need be mentioned as possible

rivals, namely, the Tayvallich Slates of the Loch-Awe Group (Loch-Awe
Nappe), and the Striped Series connecting the Appin Quartzite with the
Ballachulish Slates (Ballappel Foundation). Of the Tayvallich Slates it may
be said that not only are they more conglomeratic than the Creran rocks, but
also they are richer in limestone, while everywhere they are accom-
panied by volcanic rocks. Of the Striped Series, that it presents a

more definitely continuous interbanding of quartzite and slate ; while its

limestones, in my experience, never carry pebbles.

It will be noticed that the correlation here advanced refers the Garbh-Ard
Quartzite to the Islay position. Now, in Islay, Jura, and Scarba, and east-

wards to Ben Yrackie in Perthshire, the part of the quartzite bordering the

Transition Group is distinctly pebbly, whereas in Garbh Ard it is fijie-grained.

Possibly this betokens a local facies, or possibly it indicates a mechanical
omission of the pebbly division from the Garbh-Ard outcrop.

(2) Position.—Island and mainland exposures show that a belt of

Easdale Slates of persistent character reaches north-north-eastwards from
Luing, through Oban, to the moiith of Loch Etive. The slates are constantly

emerging from under a cover of Old Red Sandstone sediments and lavas.

Their larger outcrops are shoT^Ti in PL I, while the position of several smaller

inliers will be found in a text-figure of the forthcoming Geological Survey
Memoir dealing with the 1-inch Map, Sheet 44.

At Oban, where the Easdale-Slate belt is fully 5 miles wide, the sea hides the

probable continuation of both the Transition Group and the Islay Quartzite.

The first schists seen beyond the gap (in Mull, Lismore, and neighbouring islets)

belong qiiite definitely to the Appin Fold of the Ballappel Foundation. Accord-
ingly, itis betweenthe Easdale Slates at the mouth of Loch
Etive and the exposure of the Appin Fold in the western
part of Ardmucknish that one would naturally expect the
Transition Group and Islay Quartzite to reach the main-
land. The absence of other members of the Islay succession, as, for

instance, the Portaskaig Conglomerate and Islay Limestone, is readily attri-

butable to the obvious dislocation which brings the Garbh-Ard Quartzite into

conjunction with the Ballachulish Limestone (fig. 6, p. 110).

The evidence of position forbids the reference of the Ard-
mucknish- Creran rocks to the Tayvallich Group of the Loch-
Awe Nappe. The Kilbride Inlier, east of Oban (PI. I), almost

certainly indicates a northward extension of the Craignish belt of

Ardrishaig Phyllites, beneath Old Red Sandstone lavas, on its way
to link up with the Pass-of-Brander exposures, where the same
phyllitic group extends continuously from Loch Etive to Loch Awe,
and so to Loch Fyne and Ardrishaig. Dr. B. N. Peach has de-

scribed the Kilbride Inlier as probably in part Easdale Slates, in

part Ardrishaig Phyllites (1908 h, ^. 38). I could find nothing in

it that did not seem definitely of Ardrishaig tj^pe—but such a

difference of opinion is. of course, of quite secondary importance

in this particular connexion.

The evidence of position, if one were restricted to the Loch-

Creran district, would, on the other hand, seem to favour a corre-

lation of the Ilta}^ Nappe with the Ballachulish Nappe, since little,
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if anything, occurs between the Appin and Iltay Nappes in Ard-

mucknish. The alternative (illustrated in fig. 5, p. 109) is that

the Iltay Nappe has almost or quite pushed aside the Ballachulish

Nappe in the Ardmucknish district ; but the evidence for this in-

terpretation is reserved for the following section, where it v^dll be

shown that black slate and pebbly quartzite of the Iltay Nappe
have a south-eastward extension quite out of keeping with the

recognized limitations of such rocks in the Ballachulish Nappe.

In the foregoing argument no attention has been paid to a very

confusing feature of Loch-Creran geolog}^ An important fault,

known as the Strath-Appin or Pass-of-Brander Fault, crosses the

loch at the eastern corner of fig. 6. Its downthrow is to the south-

west, as shown by its effect on the distribution of the Old Red
Sandstone lavas. Along its course, west of the loch, rock-exposures

are altogether wanting in a belt upwards of half a mile wide.

North of this obscure tract, they occur again in their usual pro-

fusion, but they can be shown to belong almost entirely to the

Leven-Schist Group of the Ballappel Foundation. The contrast

of character is, however, not nearly so marked as might be desired.

The Banded Series of the Leven Schists (p. 104) is very strongly

developed beneath the Ballachulish Nappe between the Balla-

chulish Grranite and Loch Etive, and is for several miles well seen

about the head of Loch Creran. A prevalent rock-type is a grey

quartzose schist, passing gradually into non-pebbly impure
quartzite, with repeated laminations of black seams.

It is not surprising that at first this Banded Series was supposed

to belong to the same stratigraphical group as the rocks south of

the fault, now referred to the Transition Group of the Iltay

Succession. The reasons which render such a correlation untenable

at the present time are :

—

(1) The frequent pebbly character, the limestone-bands, and the genuine
black slates of the Transition Group are wanting in the Banded Series—

a

contrast which impressed Clough strongly when in conversation he disagreed

with the correlation of the two accepted by Peach, Home, Grant Wilson, and
myself, during a joint traverse in 1906.

(2) At the time when we made our joint traverse. Grant Wilson was of

opinion that the Banded Series at the head of Loch Creran was merely a local

facies of the Ballachulish Slates. It therefore appeared that, to correlate the

Transition and Banded Series of Loch Creran, was simply equivalent to corre-

lating the Easdale and Ballachulish Slates—a probable enough correlation

even to-day (p. 106). When later it was shown that the Ballachulish Slates

continue with constant character to the head of Loch Creran, and that the

Banded Series belong to the Leven Schists, the whole situation changed, A
correlation of the Transition and Banded Series of Loch Creran now involves

a correlation of Easdale Slates and Leven Schists within the limits of a single

nappe ; and this, with its attendant stratigraphical consequences, seems
incredible.

(3) When we made our correlation, we thought that the outcrop of the

Transition Series gave place in toto to that of the Banded Series. I am now
in a position to show (next section) that the pebbly-quartzite and black-slate

series preserves its individuality in an outcrop which escapes eastwards round
the northern end of the Loch-Awe Syncline.

I 2
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One last point deserves notice before we turn eastwards from
Loch Creran. Inspection of PI. I shows a very limited dis-

continuous outcrop of the Iltay Nappe between the Strath-Appin
Fault and the Ballachulish Granite. Narrow exposures of massive

white quartzite (pebbly in the south with quartz and felspar, and
fine-grained in the north) have been met with intermittently along

one particular line of strike. They probably represent little

klip pen of the Garbh-Ard (Islay) Quartzite. They lie within the

belt of Banded Series, if this term be used in its broadest sense

;

but for a mile on the south-east side grey phyllite is the prevalent

rock of the district.

Outcrop of the Iltay Nappe north of the Loch-Awe Nappe.

It is here proposed to trace the outcrop of the Iltay Nappe in

its eastward course between Loch Etive and Loch Awe, and
onwai'ds past Dalmally into Perthshire. ^ The only part of this

description that is definitely new refers to the discontinuous

portion of the outcrop included within the contact-aureole of the

Etive Granite (fig. 7).

Ballappel Foundation and Iltay Nappe, north-west
of the Loch -Awe Nappe,—North-east of the Pass-of-Brander,

or Strath-Appin, Fault there is an imposing display of the Banded
Series of the Leven Schists all the way from Loch Creran to within

about a mile of Loch Etive. Grey phyllitic material (notably

hornfelsed, and displaying pitted surfaces indicative of cordierite

wherever it comes within a mile of the Etive Granite) is associated

with perhaps pi'eponderant fine-grained, grey, quartzose schists,

often interlaminatecl with dark seams.

From our detailed knowledge of the geology of the head of Loch
Creran (1914; 1916, p. 51), the whole of this tract can be referred

with confidence to that portion of the Ballappel Foundation which
immediately underlies the Ballachulish Nappe. There is no very
marked change until, east of the angle of the Biver Esragan, a

massive pebblj'- quartzite figures prominently in the crags of the

hillside, 2 miles in from the left-hand margin of fig. 7. The
quartzite dips steeply, and its outcrop measures 300 ^^ards across

the strike. As seen in the crags it is but little sheared, and
contains subangular pebbles, often half an inch long, consisting of

quartz and subordinate felspar ; some of the quartz is blue.

Although the incoming of quartzite in bulk is abrupt, exami-

nation reveals the presence of minor pebbly quartzite-bands in the

banded quartzopelitic hornfels (pitted with cordierite) within a

zone about 400 yards wide bordering the quartzite on its northern

side. This belt of interbedded phyllite and pebbly quartzite I

have seen at intervals at the margin of the pebbly quartzite far

into Perthshire, where it is conspicuously displa3^ed, for instance,

in the Pass of Killiecrankie. The Perthshire sections which

1 See also 1922, Eeport A, par. 8.
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I Studied in 1920 seem to establish the identity of the Killie-

crankie Group with the tlag group strongly developed in Northern

Jura and Searba (1917. p. lo2) within the limits of the Islay

Quartzite.

On the southern side of the pebbly Cjuartzite. interbedded

quartzite and black slate-hornfels continue for some distance, until

towards Loch Etive they give place to black slate. This Intter.

scarcely indurated at all, is seen at the bridge at Inveresragan, and

in baked condition in the Blarcreen Bm*n. Between the Blarcreen

Burn and Bonawe Ferry there are many roadside exposures of

homfelsed black slate with a considerable proportion of Cj^uartzose

stripes. I fii'st saw the Inveresragan exposures of black slate in

1911 exactly where I hoped to find them from my knowledge of

the Dalmally sections (to be described presently). In 1919 I was
able to return to the subject, and was rewarded by the discovery of

the pebbly cpiartzite. I have no doubt, on the score of character

and position, that this pebbly-quartzite and black-slate assemblage

represents the eastward continuation of some part of the Islay

Quartzite, Transition Gi-roup, and Easdale Slates, as represented in

the Loch-Creran and Oban districts.

Loch-Awe Xappe.—InEilean Duii'innis, immediately north of

Bonawe Ferrv, banded calcareous homfels occurs at the edsre of the

Etive Granite. On the other side of the ferry, continuing for a dis-

tance of 6 miles, similar calcareous hornfels constitutes the strip of

country between the Pass-of-Brander Fault and the Etive Granite.

The calcareous laminae are mainly represented by malacolite,

colourless garnet, epidote, and tremolite. An excellent peti-o-

graphical account has been given by Su* Jethro Teall (190S h,

p. 11:1). Xear the eastern lunit of the outcrop, metamorphosed
limestone is more than usually prominent.

I have examined this Pass-of-Brander outcrop several times, and
heartily concur with H. Kynaston's reference of it to the Ardri-

shaig Phyllites. The reasons for placing the Ardrishaig Phyllites

as a whole in the Loch-Awe, rather than in the Iltay Xappe, will

be discussed later I'p. 121).

Ballappel Foundation and Iltay Xappe, north-east
of the Loch-Awe Xappe.

—
"When ]Mr. Macgregor and I

described the geology of the Glen-Orchy Anticline before this

Societv, we'ti-aced a thick stiTictiu-al succession above the Ben-
rdlaidh outcrop of the Sub-Eilde Complex (1912 5, p. 172). At
that time we did not speak of the Ballachulish Slide as a thrust,

and accordingly did not use the term nappe: otherwise, the

ensuing sequence is little more than a repetition of our published

conclusions :

—

Black pelitic sckist.

Pebbly quartzite.

Interbedded grey pelitic scliists and pebbly
quartzite.
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r Thick grey pelitic schist—Leven Schists.

Ballachiilish Nappes Thin, fairly persistent limestone—remnant of

I Ballachulish Limestone.
Ballachulish Thrust.
Banded pelitic schists and quartzite—remnant of

Leven Schists.

Quartzite, locally very thick—Glen-Coe Quartzite.

Gneissose flagstones—Eilde Flags.

Of these rocks, eveiything below the interbedded pelitic schists

and pebbly quartzite is referable to the Ballappel Foundation.

The remainder is obviously the interrupted continuation of the

similar association cropping out west of the Etive Grranite, and
alread}^ correlated (p. 118) with some portion of the Islay Quartzite,

Transition Group, and Easdale Slates. The agreement will

perhaps be better appreciated after reading the following detailed

description :

—

Near the south-east of the granite, one passes north-eastwards from the

Ardrishaig-Phyllite outcrop on to a belt of black slate-hornfels about
700 yards wide. Graphitic layers and streaks are abundant, and rusty

weathering due to pyrites is characteristic. At the same time quartzose

material is well represented, locally giving rise to a band of quartzite.

Beyond the black slate, one encounters an equal breadth of quartzite,

which, though somewhat impure, is everywhere markedly pebbly, and but
little split by partings. Beyond this main quartzite, one meets with grey pelitic

hornfels in which for 800 yards bands of pebbly quartzite continue as a minor
feature.

The black slate mentioned above as succeeding the Ardrishaig

Phyllites is not so pi'ominent in this section as it is west of the

Etive Grranite, but this defect is made up in the Dalmally exposures

east of the Glen-Strae Fault, Avhere a very big development of

black schist with subordinate limestone occurs. Mr. J. B. Hill has

rightly emphasized the manner in which these black schists are

for the greater part interposed between the Ardrishaig Phyllites

on the south, and the pebbly quartzite on the north (1908 h,

p. 28), although the latter has its outcrop broken to some
extent b}^ bands of black schist. Various conclusions follow from
the evidence adduced in the present and preceding sections :

—

(1) A pebbly-quartzite and black- slate assemblage has been traced north-

eastwards from the Islay Archipelago to Loch Creran and thence eastwards

to Dalmally and the Ben-Doirean Range. ^ This, with the grey pelitic group
carrying the interbedded pebbly quartzite, will be termed for brevity the
Islay-Easdale Assemblage; its outcrop is clearly shown in PI. I,

(2) On the inside of the curved outcrop of the Islay-Easdale Assemblage
lie the Ardrishaig Phyllites of the Loch-Awe Nappe ; on the outside, a varied

succession depending on locality.

(3) There is abundant evidence that the Islay-Easdale Assemblage underlies

the Loch-Awe Nappe and overlies the rock-groups appearing along its outer

margin. This evidence may be considered under the headings 3 a-3 c.^

^ See also 1922, Report A, par. 8.

^ Ihid. compare (3 a) & (3 c) with Report A, par. 4.
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(3 a) The detailed downward succession from the centre of the Loch-

Awe Syncline through the various subdivisions of the Loch-Awe Group
to the Ardrishaig Phyllites has already been traced (p. 97). The con-

formity of outcrop of the Islay-Easdale Assemblage shows that this

assemblage must in its turn underlie the Ardrishaig Phyllites. It has

already been pointed out that the general east-and-west outcrop of the

Ardrishaig Phyllites near the northern end of Loch Awe is due to pitch.

The significance of the sympathetic east-and-west deflection of the Islay-

Easdale outcrop is unmistakable.

(3 h) Local evidence (1917) shows quite as clearly that the Portaskaig

Conglomerate, Islay Limestones, MuU-of-Oa Phyllites, and Maol-an-

Fhithich Quartzite, as exposed in the Islay Anticline, structurally underlie

the Islay-Easdale Assemblage here considered.

(3 c) Local evidence further shows that, in the Glen-Orchy Anticline,

(pp. 118 & 124) a descending structural sequence can be traced which
leads from the Islay-Easdale Assemblage right down to the Sub-Eilde

Complex as exposed in the Beinn-Udlaidh Fold.

(4) It follows, then, that the Islay-Easdale Assemblage overlies that part

of the Ballappel Foundation Avith which it comes into contact in the Loch-
Creran district.

(5) Accordingly, if for no other reason, the Islay Quartzite cannot be
interpreted as a special facies of the Glen-Coe Quartzite in normal contact

with the Banded Leven Schists of the Loch-Creran district. The Glen-Coe

Quartzite, which is seen in normal contact with the Banded Leven Schists at

the head of Loch Creran and in the Windows of Etive, could only reappear

in the district of Lower Loch Creran by emergence from below the adjacent

Leven Schists.

(6) The Islay-Easdale Assemblage is also, for two good independent

reasons (6 a & 6 b), distinguishable from the Appin Quartzite and Easdale

Slates of the Ballachulish Fold :

—

(6 a) The Islay-Easdale Assemblage has been traced into the Ben-
Doirean Range 15 miles south-east of the Windows of Etive, whereas
the Appin Quartzite and Ballachulish Slates of the Ballachulish Nappe
do not reach so far south-eastwards as these Windows (p. 109).

(6 h) The Islay-Easdale Assemblage overlies what are, with very high

probability, regarded as the Leven Schists of the Ballachulish Nappe in

the whole of the Glen-Orchy district (pp. 118 & 119).

(7) It must be admitted that the Islay-Easdale Assemblage is transgressive

in its relationships. Otherwise, one would not find it in Ardmucknish resting

upon the Appin Nappe, where one would naturally expect to meet with the

Ballachulish Nappe (this statement holds substantially, even though the

eastern limestone of Ardmucknish be regarded as a remnant of the Balla-

chulish Nappe, as it well may be).

(8) As the transgression obviously does not antedate the movement which
gave rise to the Ballachulish Nappe, it seems necessary to regard it as

mechanical, not stratigraphical, in origin.

(9) The conspicuous shear-zone separating the Islay Quartzite and the

Ballachulish Limestone in the Ardmixcknish Peninsula has been discussed

(p. 112). Another interesting case of special shearing near the base of the

quartzite has been noticed in stream-sections entering Glen Orchy from the

east. There are intrusions of basic igneous rock in quartzose schist

(probably Killiecrankie Group) in this position, and the two have been
sheared and rodded in a most remarkable manner, with a resultant inter-

banding of films, in certain cases no thicker than tissue-paper.

(10) The absence of the Portaskaig Conglomerate and Islay Limestone in

the mainland exposures can be very readily attributed to the thrust invoked

above on other grounds. The non-occurrence of these characteristic zones is,

of course, merely local, since they reappear farther north-east in Schiehallion.
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Ben-Lui Fold and the Thrust at the Base of the

Loch-Awe Nappe.^

Before discussing the Ben-Lui Fold, I wish to express my in-

debtedness to Mr. J. B. Hill and to the late H. Kynaston for their

mapping of that part of the district which, in fig. 8 (p. 122) lies

south of the outcrop of the quartzite of the lltay Nappe. The more
northerly portion of fig, 8 is taken, practically as it stands, from
pi. X of the account given by Mr. Macgregor and myself (1912 h)

;

but the southern two-thirds of the map are based, with trifling

changes, on Hill & Kynaston's work published in Sheets 45 & 16 of

the Geological Survey 1-inch map. At the same time, it should be

clearly understood that I alone am responsible for two important

matters of interpretation expressed in the southern part of fig. 8 :

one, the distinction of the Ben-LaAvers Schist from the Ardrishaig

Phyllites ; the other, the recognition of the thrust-plane at the

base of the Loch-Awe Nappe.
In 1891, Mr. Hill traced the Ben-Lawers and Ardrishaig Groups

into contact with one another in the neighbourhood of Ben Lui,

and thus, it was thought, established their stratigraphical identity

(1892 5, p. 385). The correlation is, of course, supported by a

close general lithological resemblance of the two groups ; but there

has always been a difficulty : the Ben-Lawers-Ardrishaig Complex,
considered as a unit, has three persistently different margins. The
successions outwards from this complex are as follows :

—

(1) Easdale Black Slates, leading on to Islay Qnartzite ; the local evidence
points to the slates as later than the quartzite (p. 101).

(2) Crinan (Loch-Awe) Quartzite, approached through Shira Limestone,
and followed by Tayvallich Black Slates, Limestones, and Lavas ; the local

evidence points to the slates as later than the quartzite (p. 97).

(3) Ben-Lui Garnetiferous Mica-Schist, succeeded by Loch-Tay Limestone
;

the local evidence points to the limestone as later than the schist (p. 101).

Exposures are far from continuous, but it seems certain that

each of the three successions holds true for more than 50 miles

along curving lines of outcrop. Manifestly normal faulting cannot
be the explanation. In fact, only two alternatives are feasible

:

the first is to interpret the successions (1) & (2) as in some sense

equivalent ; the second to admit that extensive fold-faulting (or

sliding, to use the shorter term) has been the determining factor

of the triple margin. Three independent reasons (A-C) for

adopting the second of these two alternatives are outlined below:

—

(A) Succession (1) cannot be directly equivalent to Succession (2), since in

(1) the rock-groups met with on leaving the margin of the Ardrishaig
Phyllites are increasingly old, while in (2) they are increasingly young. This
age-relation—coupled with the fact that the lithology of succession (3) is

admittedly too dissimilar to be correlated with either (1 ) or (2)—obviously
dema.nds a slide. At the same time, age-relations are notoriously difficult to

establish in unfossiliferous rocks, and therefore it is well that other evidence
is available.

^ See also 1922, Report A, pars. 5 & 7 ; Report B.



Fig. 8.— Geological map : Glen Orcliy and Ben Liii.
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(B) When the problem was approached by the Geological Survey, it was
with the preconception that the Ben-Lui Schists were older than the Ben
Lawers-Ardrishaig Complex, which latter was readily accepted as a strati-

graphical unit. Moreover, large- scale slides were not at that time recognized

as a j)henomenon of the Southern Highlands. Accordingly, both the suc-

cessions (1) & (2) were interpreted as of later date than the Ben Lawers-
Ardrishaig Complex, and, in a general sense, as equivalent the one to the

other. As regards details, the Islay and Crinan Quartzites were correlated,

and local erosion was invoked to account for the continuous absence of

Easdale Slates at the junction of the Crinan Quartzite and the Ardrishaig

Phyllites. An attempt was also made to minimize the importance of the

contrast of (1) & (2) by pointing to the Tayvallich Slates as widespread
relics of the Easdale Slates. It is true that the Tayvallich Slates do not

occur at the Crinan-Ardrishaig junction ; but in the initial stages of the

enquiry it was easy to postulate underground continuations of Ardrishaig

Phyllites forming unexposed cores to imaginary anticlines wherever black

slate showed itself in the quartzite area ; also, it must be admitted, Dr. B. N.
Peach mistook Loch-Avich Slates (1913 h, p. 290) for Ardrishaig Phyllites.

In course of time, it has become apparent both to Dr. Peach and to myself
that the Crinan Quartzite structurally intervenes between the Ardrishaig

Phyllites, below, and the Tayvallich Slates, above (1911, Chap, v; for

Mr. Hill's criticism of this change of front, see 1911, p. 61 ; 1913 f>, p. 306).

The progress of research has thus tended to emphasize the lithological

dissimilarities of the successions (1) & (2).

But the reader may well ask whether the magnitude of the folding does

not in itself afford a sufficient explanation. As i^ointed out already, the

Easdale-Islay succession completely underlies the Ardrishaig Phyllites, while

the Crinan-Tayvallich succession completely overlies the same. Accordingly,

a correlation of the Easdale-Islay and Crinan-Tayvallich successions involves

a recumbent fold with a core of Ardrishaig Phyllites not less than 20 miles in

length, and, with so large a fold, a marked difference of facies might well be
expected in the lower and upper limbs respectively. It is, however, un-

necessary to develop this anticipated criticism, since it will be shown in the

succeeding paragraph that the particular large-scale fold here contemplated
is flatly contradicted by the local evidence.

(C) Fig. 8 illustrates the type-area for the union of the Ben-Lawers and
Ardrishaig oixtcrops. It also shows clearly that the Ardrishaig Phyllites,

where they extend westwards between the Islay-Easdale and Loch-Awe
Assemblages, cannot be interpreted as a 20-mile fold-core. So massive and
extensive a fold would have a recognizable core of Ben-Lui Schists for

some part of its course, and such assuredly does not exist. The weight of

this negative evidence will be better appreciated on consideration of the

Ben-Lui Fold close at hand. Here, Ben-Lawers Schists are folded into the

heart of the Easdale Schists ; but they only extend a couple of miles west of

the termination of their associated Ben-Lui Schists.

Enougli has been said to show that the original interpretation

of the district cannot support our present-day knowledge without

extensive reconstruction. I shall now pass to the consideration of

the new interpretation, which is the only one that I have been

able to devise to take the place of the old.^

^ [When in the summer of 1921 I revisited the ground with a small party

of geological friends, I found myself criticized for not having explained in the

text of my paper (here printed) how impressive a phenomenon the Ben-Lui
Fold really is : I could only answer that, as I had in this instance added
nothing material to the data collected by my predecessors, I thought brevity

justified. At the same time, it is perhaps well to state that the Ben-Lui
Fold is spectacular, according to South-West Highland standards—albeit
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It will be readily understood that a small district does not afford

opportunities for establishing a big structure. Accordingly, in

reading this description, constant reference must be made from
fig. 8 to PL I.

In the first place, although the superposition of Ben-Lawers
Schists on Ben-Lui Schists in the upper limb of the Ben-Lui Fold
is quite obvious in the immediate neighbourhood of Ben Lui,

there is no local evidence to show that this order of superj^osition

is of Avide extent. To realize the importance of the upper limb of

the Ben-Lui Fold, one has to remember the clear evidence from
Loch Tay to Campbelton of the superposition of the Ben-Lui
Schists on Loch-Tay Limestone—a superposition which continues

for about 15 miles across the strike (p. 103). In this matter I

have merely confirmed the findings of my predecessors.

Again, the superposition of Ben-Lui Schists on Ben-Lawers
Schists in the lower limb of the Ben-Lui Fold is quite an obvious

feature of the geology of the northern face of Ben Lui. The
reality of the downward succession is enforced on anyone who
descends the tectonic ladder connecting Ben Lui with Ben
L'dlaidh, where the Sub-Eilde Complex is so definitely exposed.

The extent of country throus^h which the lower limb of the Ben-
Lui Fold has been traced will escape no one who recollects how
Easdale Slates overlying Islay Quartzite have been followed from
Ben Lui westwards round the outcrop of the Ardrishaig Phyllites

into the Islay Archipelago.

Prof. Collet several times complained that grassy slopes compeEed Mm to use

his legs as well as his eyes to realize this fact. It may be helpful to record

some important features recognized during our joint traverse :

—

(1) Ardrishaig Phyllites form a prominent escarpment, Ra Chreag, where

they overlie the Easdale Slates of the upper limb of the Ben-Lui Fold west

of Allt Coire Lair (for place-names, see 1-inch map, Sheet 45).

(2) The junction of the Ardrishaig Phyllites and Easdale Slates can be

located to within a foot or so at the base of E.a Chreag, in a stream which, at

the valley-bottom, passes Corryghoil.

(3) The Easdale Slates below Ea Chreag are marked scenically by a grassy

slope, where exposures are almost restricted to stream-courses.

(4) The Ben-Lawers Schists immediately below the Easdale Slates crop

out as a subdued escarpment.

(5) Although the easternmost stream-exposure of the Easdale Slates is

afforded by Allt Coire Lair, the Ardrishaig and Ben-Lawers escarpments are

distinguishable for some distance farther. Li Meall nan Gabhar the Ardri-

shaig escarpment seems to overreach its comi:)anion and come into direct

contact with Ben-Lui Schists.

(6) The appearance of Meall nan Gabhar is very suggestive of a thrust-

mass, riding upon a thrust-plane at the base of the Ardrishaig Phyllites.

The features of Meall nan Gabhar almost certainly indicate that the bedding

within the Ardrishaig Phyllites is much more steeply inclined south- south-

westwards than is the base of the Ardrishaig escarpment. Probably the

high dip is due to some sj)ecies of schuppenstruktur, audits direction,

as Mr. Eichey pointed out to me, lends support to the view that the Loch-

Awe Nappe has travelled in a general south-eastward direction. From this

interpretation, it would follow that some of the many minor complications of

the Loch-Awe Nappe belong, as might be expected, to the primary category

of movements.

—

E. B. B., January 1922.1
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The age-relations of the black slates and quartzites found above

and below the Ardrishaig Phyllites no longer present a difficulty.

From Dalmally westwards the large-scale movement has been

accommodated by thrusting without inversion. The movement
has been interpreted as having come from the north-west, because

the Ben-Lui Fold, to judge from these same age-relationships, is a

syncline closing in that direction.

lY. COJN^CLTISIOIS^.

Perhaps I may be pardoned for returning once again to two
elements of Highland tectonics which should never be lost sight

of. The first is the comparison of two sides of large-scale non-

recumbent folds Avherever these are recognizable ; the second is

the critical enquiry into any case where what seems to be a single

rock-group has three—or more—distinctive margins. The first

will always be connected in my mind with Clough and the Cowal
Anticline ; the second with Mr. H. B. Maufe, who, in the days

before the recognition of slides in the Southern Highlands, was
wont to insist that one of our main problems was the three-sided

limestone of Ballachulish.

The beacon which has lighted the way in the development of

the views expressed in the present paper has been the asymmetry
of the Loch-AAve Syncline—on the one side the rocks of the Islay

Archipelago, on the other those of Cowal. Is it credible that

this asymmetry is due to change of facies ? N^o,—the Islay rocks

can be traced right under the Loch-Awe Sjaicline and away
through Perthshire, not transformed into Cowal rocks, but in

contact side by side.^ As for the Cowal rocks, they too can also

be followed for some distance beneath the Loch-Awe Syncline, but

presently they are found to double back upon themselves, and thus

to return whence they came.^

While it was easy to see this much, at any rate in a vague and
general manner, still there was a difficulty in obtaining anything
approaching to clear vision. The long-accepted correlation of the

Ardrishaig and Ben-Lawers Schists blocked the way. But this

correlation involved a three-sided formation (p. 121). It had,

therefore, to be considered very critically. It was found unstable,

and with its fall light gained access.

Appendix I

—

Bibliocieapht.

1819. J. Macculloch.— ' A Description of the Western Islands of Scotland &
the Isle of Man, &c.'

1840. J. Macculloch.—Geological Map of Scotland, with Memoir (posthumous).
1852. D. Sharp.— ' The Arrangement of the Foliation & Cleavage of the Rocks

of the North of Scotland ' Phil. Trans. Roy. Soc. vol. cxlii, p. 445.

1858. J. NicoL.—Geological Map of Scotland and Explanatory Note.
1859. R. I. MuECHisoN.—'Fii-st Sketch of a New Geological Map of the North

of Scotland ' Q. J. G. S. vol. xv, p. 419.

^ See also 1922, Report A, par. 8.

^ Ibid. Report A, par. 6.



126 ME. E. B. BAILEY ON THE STEFCTTJEE OP [vol. Ixxviii,

1861 (a). T. F. Jamieson.— ' On the Structure of tlie Soutli-West Highlands of

Scotland ' Q. J. Gr. S. vol. xvii, p. 133.

(6). R. I. MuRCHisoN & A. Geikie.— ' The Altered Rocks of the Western
Islands of Scotland & the North-Western & Central Highlands ' Q. J.G.S.
vol. xvii, p. 171.

1863. J. NicOL.—' The Geological Structure of the Southern Grampians

'

Q. J.G.S. vol. xix, p. 180.

1884(a). C. Callaway.—'Notes on Progressive Metamorphism ' Geol. Mag.
p. 218.

(b). B. N. Peach & J. Horne.— ' Report on the Geolog3' of the North-West
of Sutherland ' Nature, vol. xxxi, p. 31.

1891. A. Geikie.—Presidential Address, Q. J. G. S. vol. xlvii, Proc. p. 63.

1892 (a). A. Geikie.—Geological Map of Scotland, revised 1910.

(6). 'Annual Report for 1891 ' Mem. Geol. Survev.

1897. W. Guxx, C. T. Clough, & others.—' The Geology of Cowal' (Explanation
of Parts of Sheets 29 & 37), Mem. Geol. Surv. Scot. (Petrological Notes
by J. J. H. Teall & P. H. Hatch).

1899. J. B. Hill.—'The Progressive Metamorphism of some Dalradian Sediments
in the Region of Loch Awe ' Q. J. G. S. vol. Iv, p. 470.

1903 (a). P. Macnaik.— ' The Building of the Grampians ' Trans. Roy. Phil. Soc.

Glasgow, vol. xxxiv, p. 147.

(6). W. Guxx.—'The Geology of North Arran ' (Explanation of Sheet 21),
Mem. Geol. Surv. Scot.

1904(a). E. H. Cunningham-Ceaig.—'Metamorphism in the Loch Lomond
District ' Q. J. G. S. vol. Ix, p. 10.

(6). ' Summar}' of Progress for 1903 ' Mem. Geol. Surv.

1905. C. T. Clough, J. B. Hill, & others.—' The Geology of Mid-Argyll ' (Ex-
planation of Sheet 37), Mem. Geol. Surv. Scot.

1906. P. Macxair.—'The Development of the Great Axial Lines of Folding in

the Highland Schists' Trans. Roy. Phil. Soc. Glasgow, vol. xxxvii,

p. 129.

1907(a). S. B. WiLKiiN^so- (with B. N. Peach).—'The Geology of Islay'

(Explanation of Sheets 19 & 27, and part of 20), Mem. Geol. Surv. Scot.

(b). B. N. Peach, J. Horne, & others.
—

' The Geological Structure of the

North-West Highlands of Scotland ' Mem. Geol. Surv. Scot.

[(c). C. Sarasin & L. W. Collet.— ' La Zone des Cols & la Geologic du
Chamossaire' Arch. Sci. Phys. & Nat. vol. xxiv, p. 586.]

1908 (a). P. MACiN'AiR.— ' The Geologj- & Scenerj^ of the Grampians.'

(6). H. Ky^S'aston, J. B. Hill, & others.
—

' The Geology of the Country
near Oban & Dalmally' (Explanation of Sheet 45), Mem. Geol. Surv.

Scot.

1909(a). B. N. Peach, H. Kx^fAsiON, H. B. Maufe, & others.—'The Geology
of the Seaboard of Mid-Argyll ' (Explanation of Sheet 36), Mem. Geol.

Surv. Scot.

(5). ' Summar}-- of Progress for 1908 ' Mem. Geol. Surv. Scot.

1910(a). E. B. Bailey.—'Recumbent Folds in the Schists of the Scottish

Highlands ' Q. J. G. S. vol. Ixvi, p. 586.

(b). E. B. Bailey.—'New Structures in the Arg\dlshire Highlands' Trans.

Edin. Geol. Soc. vol. ix, p. 363.

(c). J. W. Gregory.— ' Work for Glasgow Geologists—The Problems of the

South-Western Highlands ' Trans. Geol. Soc. Glasgow, vol. xiv, p. 1.

1911. B. N. Peach, C. T. Clough, E. B. Bailet, & others.
—'The Geology of

Knapdale, Jura, & North Kintyre ' (Explanation of Sheet 28), Mem.
Geol. Surv. Scot.

1912(a). G. Barrow.—'On the Geology of Lower Dee-Side & the Southern
Highland Border' Proc. Geol. Assoc, vol. xxiii, p. 274.

(6). E. B. Bailey & M. Macgregor.—'The Glen-Orch}- Anticline (Argyll-

shire) ' Q. J. G. S. vol. Ixviii, p. 164.

1913 (a). ' Summary of Progress for 1912 ' Mem. Geol. Surv.

(6). E. B. Bailey.—'The Loch-Awe Syncline (Argyllshire)' Q. J. G. S.

vol. Ixix, p. 280.

1914. E. B. Bailey.—'The Ballachulish Fold near the Head of Loch Creran
(Ar^vllshire) ' Q. J. G. S. vol. Ixx, p. 321.

1916. E. B.^Bailey, H. B. Maufe, & others.—'The Geology of Ben Nevis &
Glen Coe, &c. ' CExplanation of Sheet 53), ^Mem. Geol. Surv. Scot.

1917 (for 1916). E. B. Bailey.—'The Islay Anticline (Inner Hebrides) ' Q. J.G.S.
vol. Ixxii, p. 132.
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1922. ' The Structure of the South-West Highlands of Scotland. Two Reports
on an Excursion, August 27th to September 2nd, 1921.' Report A by
E. M. Anderson, H. H. Read, J. E. Richey, & W. B. Wright.
Report B by L. W. Collet, Geol. Mag. (in the press).

In addition to the above, the Greological Survey has published Sheets 12, 19, 20,

21, 27, 28, 29, 30, 35, 36, 37, 38, 45, 46, and 53 of the 1-inch (1 : 63,360) Map of

Scotland; also a special Map of Arran on the same scale; Sheet 13 (Islay)

J inch to 1 mile; and a general map of Great Britain & Ireland on the scale of

25 miles to the inch.

Appe]n^dix II

—

Locality-Index.

Scottish localities mentioned in the text, and at the same time

not indicated in PI. I, are enmnerated alphabetically below. Their

positions are stated by coordinates within the various numbered
sheets of the Greological Survey 1 : 63,360 map of Scotland ; many
of these sheets are outlined on PL I :

—
For example, Airds Bay lies 2 miles west and 17 miles north of the south-

western corner of Sheet 45: Airds Ba.y, 45, 2, 17; Airds Hill, 45, 4, 17; Aonach
Beag, 53, 20, 16; Appin, district including Appin Station, 53, 4, 0, and Port

Appin, 45, 2, 17 ; Ardentinnj', 45, 1, 15 ; Ardmucknish Ba}^, 45, 2, 12 ; Argyllshire,

stretching eastwards to Ben Lui, 46, 1, 6.

Ballachulish, district with Ballachulish Village (East and West Laroch), 53, 13, 7,

and Ballachulish Ferry, 53,12,8; Baracaldine Castle, 45,3,14; Beannan Dubh,
27, 21, 2; Beinn Bheula, 37, 20, 6; Beinn Udlaidh, 46, 2, 10; Ben Vrackie,

55, 19, 12; Ben y Glo (Beinn a'Ghlo), 64, 20, 0; Blair Athol, 55, 14, 13; Blarcreen
Burn, crossed by road at 45, 8, 11 ; Bonawe Ferry, 45, 9, 9.

Camas an Fhais (Camas Nathais), 45, 1, 12 ; Coire Mhorair, 53, 19, 7 ; the Crinan
Canal follows a fault south-eastwards from Crinan to Loch Fyne.

Eilean Duirinnis, 45, 9, 10 ; Erins, 29, 1, 9 ; Eriska, 45, 2, 15.

Garbh Ard, south-eastern headland of Ardmucknish, 45, 1, 12 ; Glen Creran,
south-eastern valley in 53, mouth at 45, 9, 17; Glen Etive, valley passing through
the Windows of Etive, 53, 18, 2 ; Glen Orchy, south-eastern valley through 46, 0, 10

;

Glen Shira, south-eastern valley, mouth at 37, 16, 14; Glen Sluan, hamlet, 37, 15,

7; Glen Spean, east-and-west valley through, 62, 23,4; Glen Strae reaches Loch
Awe, 47, 17, 7.

Liveresragan, 45, 8, 11.

Killiekrankie Pass, 55, 17, 11 ; Kilmory Bay, 28, 15, 9 ; Kinlochleveu, 53, 20, 10.

Lairigmore Pass, 53, 16, 11 ; Ledgrianoch Farm, 45, 4, 16 ; Leny Pass, 38, 21, 13
;

Loch Avich, 37, 5, 16 ; Loch Creran, 45, 6, 16; Loch Dochard, 45, 22, 15; Lochan
Dubh, 45, 3, 14 ; Loch Eck, 37, 18, ; Loch Goil, 37, 22, 6 ; Loch Lomond, 38, 10, ;

Loch na Cille, 28, 14, 12; Loch Skerrols, 27, 17, 1; Loch Torridon, 81, 15, 16;
Luing Island, 36, 17, 13.

Maol an Fhithich, 19, 14, 8; Meall a'Bhuirich, 53, 24, 15; Meall nan Tighearn,
45, 23, 4; Moine, 114 central.

Perthshire, east of Ben Lni, 46, etc. ; Pitlochry, 55, 18, 9 ; Portaskaig, 27, 22, 5.

River Esragan, bend at 45, 8, 12 ; Ross-shire, 92, etc. ; Rudha Garbh, 45, 4, 14.

Schiehallion, 55, 4, 6; Selma, 45, 2, 12; Shira (see Glen Shira) ; Skye, 70 & 71

;

Southern Uplands, south of line from 14, 0, to 33, 19, 15 ; Stack of Glen Coul,
107, 23, 6; Strath Appin, east-north-eastern valley through, 45, 5, 17; Strathappin
Farm, 45, 5, 17; StronchuUin, 29, 0, 12; Sutherland, 101, etc.

Tappins, 8, 10, 15; Torridon (see Loch Torridon).

EXPLANATION OF PLATE I.

Generalized geological map of the South-West Highlands, based upon the
1-inch map of Scotland of H.M. Geological Survey; revised and reduced
by the Author. Scale: 10 miles= 1 inch, or 1 : 633,600. The numbered
divisions correspond with the sheets of the 1-inch map.
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DiSCUSSlOJf.

Mr. Gr. Barrow regretted that he had been unable to follow the
Author in his repeated references to different districts. Having
visited much of the area, he did not agree either with the Author's
view of the structure of the country or his nomenclature of the
rocks. The existence of the ' nappes ' shown on the map seemed
most unlikely, as the speaker felt sure that individual beds could

be traced across from one to the other. Judging from some of the
lantern-slides exhibited, he suspected that the supposed ' nappes

'

were simply different aureoles of thermal alteration, similar to

those mapped out in the South-Eastern Highlands, which were
shown in detail in the pamphlet prepared by the speaker for the

use of the Greologists' Association, at the Dundee Meeting of the

British Association.

Dr. J. S. Flett said that everyone interested in Highland
geology admired the enthusiasm with which the Author had
attacked the problems under discussion. It was a task of extreme
difficulty to unravel the structure of the Southern Highlands, and
no means of accomplishing that end could be neglected. Among
others, recent geological work in the Alps has furnished new ideas,

especially in regard to the features of ' nappes,' which were sure

to be applied to the Scottish Highlands, and were likely to prove

of cardinal importance. In his paper the Author had suggested

that in Argyllshire three ' nappes ' could be recognized. He had
discarded the sequence hitherto adopted by Scottish geologists,

and advanced a new correlation which was in harmony with his

views of the structure.

The speaker, while recognizing the attractive character of the

Author's hypotheses, did not feel convinced that the solution now
offered was established on an incontrovertible basis. The vast

movements postulated did not seem to have produced a corre-

sponding effect on the outcrops. The rocks of Ballachulish and
Loch Awe were very much those which would be expected to occur

there if no ' slides ' existed, or if the ' slides ' were of small

magnitude. The Ballachulish slide, for example, did not seem, in

a large part of its course, to have shifted the outcrops to a notable

extent. This might be because, as the Author suggested, the

movement was very nearly parallel to the bedding-planes. But
great movements could not be so confined, and we might expect,

occasionall}'- at any rate, to find that beds were brought into juxta-

position which normally were widel}^ separated. So far as the

speaker had seen, the evidence both of the maps and of the natural

exposures was not in favour of the large movements in which the

Author believed. It was very desirable that a clear case of

transport, with difference of facies in the exotic and the auto-

chthonous beds and something resembling a visible thrust-plane

should be brought to light. The Author's slides Avere practically

confined to the outcrops of the Central Highland Series (from the



part 2] SOUTH-WEST HIGHLAI^DS of SCOTLAND. 129

A}3pin Limestone to the Leven Schists) and, so far as the evidence

went, might be purely local adjustments due to the folding of that

group.

Of the Loch-Awe Najope it was difficult to form a clear opinion.

The presence of a volcanic group in that district did not necessarily

imply that these rocks were not in place, as volcanic eruptions were
often localized, and lavas had been found on what the speaker

believed to be the same horizon, in Upper Banffshire. The
' Boulder-Bed ' occurs in Islay, in Tayvallich, in Perthshire, in

Aberdeenshire, and in Banifshire, always in association with a

quartzite, limestone, and black or grey shales, and forms certainly

one of the most useful landmarks in the correlation of Highland
rocks. In that case the Loch-Awe Series could be traced from
Isla}" to Portsoy and the Ballachulish Series from Ardmucknish (or

perhaps Easdale) to the shores of the Moray Firth, and the varia-

tion was by no means great. It was difficult to understand how in

Loch Awe and Ballachulish, despite enormous displacements, the

rocks were exactly of the type which occurred in similar positions

evervwhere along: the southern eds^e of the Moine Gneiss,

The Argyllshire nappes were evidently of an entirely different

type from their Swiss analogues. The Scottish nappes rested on

no marked plane of disturbance ; the}'' have no ' roots '
; their

facies is that of the country in which they are found ; their

metamorphism is similar to that of the surrounding rocks ; they

are not markedly transgressive ; and they seem to differ in no im-

portant respects from autochthonous strata. At present, it was
necessary to place them to a suspense account. Nothing would
be more welcome to Scottish geologists than the proof that Alpine

tectonics were repeated in typical development in the Southern

Highlands, but much work had still to be done before that day
arrived.

Mr, H, H. Read said that all workers in the Highlands were

greatly indebted to the Author for his application of the wonderful

results achieved by Alpine geologists to the solution of Highland
problems, but the speaker considered that the major structures of

the Highlands, owing to the metamorphosed condition of Scottish

rocks, could never be demonstrated with even a small part of that

definiteness which characterizes Alpine tectonics.

It was unfortunate that there was so little correspondence

between the metamorphic zones and the structural features of the

ground described by the Author, and this, together with the

absence of dislocation-metamorphism (not necessarily myloniza-

tion), especially in the Loch-Awe region, was, in the speaker's

opinion, a somewhat serious objection to the Author's inter-

pretation. The Author's suggestion that the presence of carbon

in the Ballachulish Slates had prevented the formation of garnet

did not apply to the garnetiferous, graphitic, and carbonaceous

schists of Banffshire,

The speaker would welcome some information as to where the

Q. J, G. S. No. 310. K
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Author considered the roots of his nappes to He. The ' Iltay

'

assemblage could be followed from Perthshire into Banffshire,

where the speaker had worked for several years. Away to the

north-west of the Banffshire rocks stretched Moine granulites for

70 miles to the thrust-ground of the North-West Highlands.
If the roots were in the thrust region, were they covered by the

thrusts ? The Moine region, the speaker held, carried nothing

suitable as roots for the Dalradian assemblage.

The Author suggested that the ' Ballappel Foundation ' was
characterized by Eilde Flags and Glencoe Quartzite. But in

Banffshire the speaker found rocks of ' Iltay ' facies linked in-

separably on the west with a quartzite and granulites of Griencoe

and Eilde types. If the Banffshire Dalradian rocks were to be

included in the ' Iltay ' nappe, then so must a large part of the

Moine Series be similarly included. The phenomena of the Great-

Grlen Fault appeared to indicate to the speaker that the Dalradian

rocks overlay the Moine Series. But the Author, in his table,

showed the Eilde Flags at the top : the speaker disagreed with
that sequence. Correlation from Banffshire to Perthshire could

be made in some detail, and, if the Author's table for the ' Iltay

'

nappe were read from bottom to top, similar rock-types occurred

in Banffshire from west to east. But correlation could be made,
with equal chances of proving correct, from Banffshire into the
' Ballappel Foundation.' The Banffshire rocks, from west to east,

were exactly like the Author's ' Ballappel ' table read from top

to bottom, and the speaker considered that this table should be

reversed, so as to place the Eilde Flags at the bottom. That com-
plicated still further the Ballachulish structures.

The speaker believed in the reality of sliding or thrusting, but
he considered that the existence of nappes in the South-West
Highlands had not yet been demonstrated.

Lord Cliffoed remarked that the Author's evidence concerning

the irregular folding of some of the strata in this part of Scotland

appeared to support a theory that the speaker had long held, that

folds and faults are mainly due to oceanic subsidences. Between
a line drawn from the Firth of Lome to the Moray Firth on the

north, and a line drawn from Morecambe Bay to Sunderland on

the south, there lies a tract of country that has been subject to

more strain and contortion than almost any other portion of the

woi'ld. - The folding of this part of Britain and the reversal of

strata in the manner described by the Author are results that one

would naturally expect.

The Author, in reply, said that Dr. Flett's statement that

Scottish geologists were searching the Highlands everywhere for

analogues of Swiss structures might, perhaps, convey a wrong
impression. The speaker, as a matter of fact, developed his

interpretation of the Ballachulish district before reading the

Alpine literature or visiting the Alpine exposures. It had been

an added pleasure to find, on comparison of the two mountain-
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chains in the field, how close the resemblances were. It was an
asset to the new reading o£ the Highlands to have opponents of

the standing of Dr. Home and Dr. Flett, for it invited critical

enquir}^ The only regret that the speaker felt was that these two
opponents had not investigated the field evidence. One claim at

least might be made for the interpretations that the speaker had
put before the Society : they did conform with exposed outcrops.

On the other hand, while Dr. Flett had been speaking, it was often

difficult to realize that he intended his remarks to apply to the

South-West Highlands.

The Author apologized for the lateness of the hour preventing

him from answering in detail points raised by other speakers,

and added that a small committee of geologists in Scotland had
volunteered to investigate any criticism of the paper that might
be tabled, so long as it dealt Avith mainland exposures.

k2
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3. The Bala Coujsttey : its Stetjctfee and Rock-Succession.

B3- G-EETEUDE Lilian Elles, M.B.E., D.Sc, F.a.S. (Read

March 9th, 1921.)

[Plate II

—

Geological Map.]
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I. Inteoduction.

The district dealt with in the present paper lies all round Bala
Lake, though attention has been paid more particularly to the

ground Ij^ing south-east and east o£ the lake, as affording an

opportunity for the study of problems of special interest regarding

the succession and structure of the area.

The whole district has been classic ground since the days of

Sedgwick, and its difficulties were vividly described later by Jukes
;

it is just these difficulties that make the area so intensely

interesting, and, largely owing to the more detailed mapping that

can be carried out in these days, it is now possible to suggest a

solution of some, at any rate, of the problems—more particularl}^

those of a stratigraphical and structural nature. The palseonto-

logical problems are somewhat different, and will not be dealt with
in detail at present.

Previous Work.

B}^ far the most important contributions made to our general

knowledge of the district are those of Sedgwick, Jukes, and
Ruddy, though Ramsay and, in later times. Lake have dealt with

the question of the faulting as connected with the development

of the valle}^ in which the lake lies.

Sedgwick made two important contributions to the study of

the area. In the earlier paper on the * Calcareous Slates & Lime-
stones of (xljai Dj^ffws on the Holj^head Road, west of Corwen, &
of Rhiwlas north-east of Bala,'i he gave Avhat he believed to be

the succession in the area, and illustrated it by sections made as

1 Proc. Geol. Soc. vol. iv (1843) p. 252.
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early as 1832, This paper was later incorporated into a more
general treatise. i As he did not full}^ realize the complexities of

the structure of the country, Sedgwick's succession has naturally

undergone some modification in later days, but the papers are

notevvorthy since he clearly understood that the faunas of the

Rhiwlas and Bala Limestones were distinct ; he drew attention,

moreover, to the nature of the beds above the Bala Limestone,

and indicated the true position and character of the Hirnant
Limestone.

J. de C. Sowerby & J. W. Salter, who contributed notes on the

fossils, remarked on the paucity of brachiopods in the Ehiwlas
Limestone as compared with their abundance in the Bala Lime-
stone, mention being made of Ortliis acionicB as a highly charac-

teristic form. They also record the distinctive peculiarities of the

brachiopods of the Hirnant Limestone.

In the paper published in 1852 2 on the ' Classificiition & Nomen-
clature of the Lower Palaeozoic Rocks of England & Wales,'

Sedgwick notes the Coniston Limestone as the equivalent of the

Bala Limestone, and subdivides the Bala Group of rocks into an

Upper and Lower, the Upper Bala beginning with the Bala Lime-
stone, including the Hirnant Limestone and Shelly Sandstone, and
ending with the dark indurated Shales, passing in places into a bad
pyritous roofing-slate. The position of the Bhiwlas Limestone is

not indicated in this paper.

The area was officially surveyed by J. B. Jukes, and the results

of his work are given in the two editions of the Geological Survey
Memoir on North Wales. ^ It is marvellous that Jukes was able

to show so much on the 1-inch map, and it is clear from his notes

that his general conclusions accorded more completely with those

that I have reached than the 1-inch map would indicate, although
my own conclusions have only been arrived at after laborious

mapping on the 6-inch, and often on a still larger scale. Thus, in

the end, Jukes was convinced that there was only one ash-bed

in the lower part of the series east of Bala Lake, although he notes

the possibility of the existence of more elsewhere, and records the

occurrence in places of a definite ash-bed immediately below the

limestone. My work has confirmed the existence of only one ash

in the lower part of the series, not merely in the area east of

the lake, but on the west side also, and again in the ground on

the north so far as I have seen it. Jukes is also perfectly definite

as to the nature of the Bala Limestone, and, from his remarks
concerning the ash immediately below the limestone, it seems
evident that he included in the Bala Limestone not only the massive

limestones, but the whole of the Calcareous Ash—in fact, he

1 Q. J. G. S. vol. i (1 845) p. 6.

^ Ihid. vol. viii, p. 136.
3 Mem. Geol. Surv. vol. iii (1866) chaps, xiii & xiv; vol. iii, 2nd. ed. (1881)

chaps. XV & xvi.
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states that the limestone is ashy in j^laees. and also non-calcareous

occasionally, ' when it is not to be differentiated from the sand-

stones/ He does not, however, consider that the Bala Limestone
is distinct from the Ehiwlas, being unappreciative of the value of

the pahi?ontological evidence.

He records the existence and nature of the Hirnant Limestone
at the head of the Hirnant Valley, and notes the position of beds

of the same age at other localities.

His remarks on the structure of the counti-y are highly sug-

gestive : he notes the existence of the anticlinal line separating

the synclinal lines of Bryn Pig and Creigiau Bychain,^ notes the

broken nature of the ash outcrops, and calls attention to the

parallelism of certain lines of faulting. He also suggests that the

lake lies in a trough open to the south, of which the apex lies

north of INIoel Emoel at Pen y Bwlch-gwyn. He estimates the

thickness of the beds between the ash and the limestone as i-anging

fi-om 1200 to 1100 feet.

In his admirable paper ' On the L'pper Part of the Cambrian &
Base of the Silm-ian in Xorth Wales,' Thomas Euddy^ de-

scribes definite lines of section, and makes the earliest attempt at

a palteontological classification of the beds, the fossils from each

horizon being sedulously recorded and the actual succession seen

at certain localities carefully described. The nature of the Hii-nant

Beds, apart from the limestone, is noted, and attention is drawn to

the chano^e in chamcter which ther undersro when ti'aced alonsf

their strike as ako their relation to the overlying Tarannon Beds.

Baddy was an indefatigable collector, although his collections

were not always made from beds in situ, and his fossil lists have
been of the greatest service to me, especially the summary given in

his ' List of Caradoc or Bala Fossils found in the Xeighbourhood
of Bala, Corwen. & Grlyn Ceiriog.'

'^

Buddy's sections are generally easy to follow, with the exception

of that across Gelli Grin, where the faulting of the beds appears

to have escaped his notice, and therefore two ash-beds are noted

instead of one. He accepts the official view as to the identity of

the Bala and Bhiwlas Limestones, but considers the Hii^nant Beds
to be of Llandovery age.

Sir Andrew Eam.say^ was the first to mention the continuity

of the Dee-Yallev and Bala-Lake fault, statins: that it has an
invariable downthi'ow to the north-west, so that part of the strata

south and east of the lake are repeated by it and reappear on the

west and north.

He estimates the maximum amount of throw as 12,000 feet

;

^ The spelling of trie place-names adopted in this paper is that used in the
6-inch Ordnance StiTTey maps.

^ Q. J. G. S. vol. XXXV (1879) p. 200.
3 Proc. Chester See. Xat. Hist. no. 3 (1885) p. 113.
^ Q. J. G. S. vol. ix (1853) p. 161.
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but, later in the Geological Survey Memoir on North Wales (2nd
eel. 1881), he gives 11,000 feet as a more probable figure, and
states that the throw diminishes north-westwards in tbe region of

the lake to 5000 feet. The angle of the fault, as drawn, shows a

steep north-north-westward dip, but it is admitted that the angle

is hypothetical.

Philip Lake, in his paper on ' Bala Lake & the River-Sj^stem

of North Wales,' ^ deals with the faults in the region south-west

of the lake, and considers that there are two faults traversing the

lake, one parallel to the south-eastern shore (though some little

distance within the water's edge) and the other parallel to the

north-western shore.

In his paper on the ' Composition & Structure of the Hirnant
Limestone,' L. W. Fulcher^ points out that the grains in the

rock are ellipsoidal in shape, measuring 1 to 3 mm. in their longest

diameter, and they are more sparsely scattered in the crystalline

matrix than in an ordinary oolite or pisolite ; he also notices that

the blackness of the grains, which is so marked a feature of the

rock, is due to the presence of carbon in an amorphous form.

II. Geneeal Physical Featuees.

The country is essentially a hilly one : on the south-east of the

lake the ground rises steeply from lake-level (530 feet) to 1000 feet,

the steepest part of this rise appearing to coincide with a well-

marked line of fault ; above the altitude of 1000 feet, however,

the slopes are gentler and less regular up to the summit of Moel-
fryn (1750 feet) ; beyond the summit the ground falls somewhat
rapidly into the steep-sided Hirnant Valley, but rises again beyond
to a height of about 2000 feet. On the north-west side of the

lake the rise is also steep to the 900-foot contour-line, and is

probabl}^ determined by another fault-line. Above this height

there is a marked contrast with the opposite side of the lake, for

there is a wide stretch of mereh'' undulating moorland with scarcely

any rise until the base of Arenig is reached, when the ground rises

very steeply to the twin-peaked summit oF Arenig Fawr
(2800 feet), this being the most conspicuous height in the district.

There is a far more gradual rise towards the hilly country lying on
the north. The vallej'S are, as a rule, conspicuously deep and
steep-sided, and are occupied by swiftly running streams, though,

with the exception of Nant Rhyd Wen, they are still largely filled

with Drift. Only one stream appears to show any features of

interest, and that is the Hirnant: starting as a strike stream, it

soon makes a bend at right angles to its former course through
Bwlch-yr-Hwch, although the existence of a well-defined channel

1 Geol. Mag-. 1900, pp. 204, 241.
2 Ibid. 1892, pp. 114, &c.
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in the original direction at some
height above its present course is

suggestive of capture by a stream
with greater corrosive power,

possibly due to the Bwlch-vr-

Hwch Fault. The Himant con-

tinues to run as a strike stream

again as far as Aber Hirnant,

where it makes another bend

;

and the lower part of its course

is clearly controlled by the stmc-
ture of the country.

III. The Ge>t:eai.

Succession.

The rock-succession here de-

scribed comprises pre-eminently

a series of shallow-water depo-

sits : even the black Xant-hir
Shales appear to be current-

bedded, and to this we may per-

haps ascribe their unfossiliferous

nature. The JSandy Mudstones
contain bands and even whole
beds ripple-marked and to some
extent also current-bedded, while

the oolitic nature of the Gelli-

Grrin Liuiestone at T Garnedd
points in the same direction.

The succession is interesting,

mainly on account of the

development of the ashes and
lim estones. The ash-beds, of

which there are tvro in all, belong

to the Caradocian : both die out

southwards, although, the lower

is the more persistent, and both
serve admii-ably to bring out the

structure of the country. The
limestones are remarkably im-

persistent, and occur more or

less spoi-adically throughout the

series ; they have little or no
value as stratigraphical units.

^

^ Some places mentioiied. in the fol-

lowing pages lie outside the area of

the accompanyiiig map (PL ID. but
thev may be fotuid. on the 1-inch

Ordnance Map and on the 1-inch Greo-

logical Map, Sheets 74 N.TV. i S.W.
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Dicranogra'ptus Shales and Derfel Limestone.

Resting upon the well-known Volcanic Series of the Arenig
Mountains come the Dicranogj^aptus Shales, in this area con-

spicuously devoid of* fossils except at the base and summit, and of

somewhat different lithological character from those developed in

other Welsh areas. In the Bala district they consist, for the

greater part, of hard, black, gritty shales with sandy wisps,

showing in many sections a structure strongly suggestive of current-

bedding. Close to their base they contain the Derfel Limestone
recorded by Prof. W. Gr. Pearnsides as the Ortliis or Derfel Lime-
stone'^; the shales with which this limestone is interbedded are

1 Q. J. G. S. voL Ixi (1905) p. 627.
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rather softer than those at a higher horizon, and have Yielded a few
graptolites (see p. 1^) : but elsewhere no ti-aces of any organism
haYe been found, althouofh the shales are masrnificentlY displaYed

along the course of the Xant-hir llowing down from the slopes of

Ai'enig across their stiike. The shales appear to roll somewhat,
and one marked fold bi-ings up the Yolcaiiic rocks again : they may
also be repeated to some extent by stiike-faulting. although in the

absence of fossils the magnitude of such repetition cannot be

estimated: they are probably affected to some extent by tear-faults,

but again the degree of this is difficult to detect in the absence of

any clue as to the relatiYe age of the beds, and owing to the fact

that they are widely concealed beneath a tract of heathery moor-
land. Towards their upper limit the shales again become some-
what softer, but at this horizon beds of hard sandy mudstone
begin to be intercalated anione them : these gradually increase in

number and importance, until they pass OYer into a definite series

of fine massiYely-bedded sandstones containing an appreciable

quantity of mica.

Cxlyn-CTOwer Beds.

This series is well exposed in many places, especially in Glyn
Gower, probably by reason of its nature, and is distinsruished by
its hardness and widely-separated bedding-planes ; the coarser beds

gradually giYC place upwards to bands of finer texture, of the

nature of sandy mudstones. These not only contain sonoie shale-

bands, but also a certain amount of calcareous material in the form
of concretions of all sizes ; the commonest of these concretions are

about the size of a man's head : in places. howeYer, where they haYe
been worked for lime (as on Bryniau Goleu) they are considei-ably

larger. The shale-bands as a rule are somewhat cleaYed, although
the cleaYage rarely is sufficiently well-deYeloped to obliterate the

bedding. It is in these sandy mudstones that the lowest ash-

bed occurs. Although the beds immediately aboYe and below the

ash are'YerY much alike. Yet. taking them as a whole, a marked
difference may be noted in the lower beds both in general litho-

logical characters and in their fossiliferous nature, so that they
may be conYcniently separated off as constituting a series by them-
selYes, the Glyn-G-ower Beds. These deposits are but sparsely

fossiliferous. and, although the fauna is CYcrywhere meagre and
lacks the Yariety of the higher beds, yet it is not wholly dcYoid of

interest. In the black shales occuning in the sandy mudstones
graptolites haYe been found {Ortliograpius f'run catus), and the

bedding-planes of the massiYely-bedded sandy mudstones are occa-

sionally coYered with FJecfamlGnifes sericea—in fact, this fossil,

together with Glyptocri'/ius hasalis, is so much the commonest
organism found that (from the palseontological point of Yiew) the

series might well be teiTQed the FJectamho'nites-seri ceo.

Beds.
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Frondderw Ash.^

There is no hard-and-fast line to be drawn between the sandy

mudstones and the ash, for wisps of ash at first show themselves

in the sandy nandstones, then a thin band or two of definitely ashy
material is commonly found, and finally a bed of massive ash is

seen, having a maximum thickness of 12 feet; towards the top it

behaves much in the same way, mudstone wisps making their

appearance, and the whole passing into an ashy mudstone in which
the ashy material gradually diminishes until it has completely dis-

appeared. The massive portion of this rock makes a conspicuous

feature in the landscape wherever it occurs, and at close quarters

is easily recognizable by its rough weathered surface, upon which
the fragments are sometimes very conspicuous. It seems to be

typically developed in the more northerly parts of the area,

becoming thinner and less distinctive towards the south, where it

is associated with a local development of limestone, and is split

into two thin bands with mudstone between them. When last

seen (Cefn Gwj'^n) it is merely an ashy mudstone quickly becoming
indistinguishable from the surrounding sandy mudstones, which at

this locality have yielded some interesting Ophiurids (^Protaster

Salter i).

This ash has been most extensively quarried throughout the

district for walls and farm-buildings, so much so, that nearly all

the exposures on the north-west side of the lake have been worked
all along their strike, and the rock is only now visible at the very

base of a small cliff of sandy mudstone, and in many cases is

largely concealed by rubble. One of the most conspicuous of these

outcrops lies north of Frondderw. Under the microscope this ash

is seen to be of a very felspathic nature, being made up mainly of

fragments of a coarsely vesicular felspathic lava, some of which
are devitrified, fragments of a coarseh^ crystalline rock suggestive

of an intrusion, and a few pieces of an oolitic limestone. It is

definitely less siliceous than the Pont-y-Ceunant Ash.

Allt-Ddu Mudstones.

The sandy mudstone series above the Frondderw Ash quickly

takes on a different character from those below ; while the beds

immediately above the ash are very similar in their general

character to the sandy mudstones below, and contain certain bands
with concretions of a practically identical nature, softer beds come
in with increasing rapidity. The beds quickly lose their pro-

nounced sandiness, beds of this nature being confined to narrow
partings only a few inches thick; the colour becomes dark bluish-

grey instead of pale blue-grey, and the rocks are often iron-stained

in irregular blebs : the whole series is intensely cleaved, so much

^ I am indebted to Dr. E.. H. Eastall for kindly confirming- my examination
of the slices of this and the Pont-y-Ceunant Ash.
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SO that the bedding is often quite obliterated on the weathered

surface, in marked contrast to the prevalent clear stratification of

the beds below the ash. The cleavage throughout the district

is commonly north 10° east, and dips a little east of south. In the

higher parts of this series some veiy fine-grained harder bands
make their appearance : these, when weathered, exhibit a peculiar

smoothed surface, and when glaciated may take on a very high
polish ; their bedding-planes are commonly about 6 inches apart,

and thev are verv easily recoo-nized in the field. They are not of

themselves very fossiliferous ; but, since they resist cleavage to

an extent comparable with that of the hard sandy mudstones of

the Grlyn-Grower Series, the fossiliferous surfaces of the softer

beds in Avhich they are intercalated are often well preserved in a

series of dip-slopes and scarps, forming a conspicuous and dis-

tinctive feature in the landscape.

An especially good series of the scarps and slopes is seen all

along Allt-Ddu, from which these beds derive their name, though
they are also well displayed at Bryn-bedwog, Bryn Porfa, Bryn-
yr-aber, and on Cefn-ddwj'-graig.

In these Allt-Ddu Beds the fauna is both rich and varied, the

bedding-surfaces being often croAvded with numerous brachiopods.

of which Seterorthis alternaia and the variety reirorsistria,^

PJafi/st7'opliia hiforata, and Dinortliis flahelluhim are the most
conspicuous; while among the trilobites a big AscqyJnis of the

jjowisi type, Triniicleus gihhifrons, and Ccdymene caractaci are

characteristic, though less abundant. Seterorfliis cdfernata and
its variety refro'rsist'ria are by far the most numerous fossils

found, so that the beds may appropriately be termed the Heter-
oo'this altem at a Beds, a name long ago given to them by
Buddy.

Pont-y-Ceuuant Ash.

The Pont-y-Ceunant Ash succeeds the Allt-Ddu Beds, but its

junction with these mudstones is characteristically very irregular,

as may be well seen in the quarry at \ Grarnedd, where the ash

has been extensively quarried : it has a thickness of about 25 feet

m the northern part of the district, the only part of the area where
it is at all really well-developed ; southwards it becomes more
completely merged in the Calcareous Ash, until in the neighbour-

hood of Bryn-Pig only the lowest part (1 to 2 feet) can be

^ Thomas Davidson first regarded this fossil as a variety of ff. altevnata,

but subseqnently, upon the evidence of specimens from Cerrig-y-druidion now
in the Sedgwick Museum, he raised it to the rank of a distinct species

(Appendix to ' Silurian Brachiopoda '). These specimens, however, in common
with all from the same locality, have suffered severely from the deformation

of the rocks in which they lie, and cannot be regarded as normal. Specimens

of the same fossil from many other Welsh localities appear to be so very

close in general structural details to H. alternata, apart from the more
conspicuous bending-back of the surface-ribbing, that I regard Davidson's

original diagnosis as the more satisfactory.
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separated as a definite ash, retaining its coarse character, while

at Creigiau Bychain it does not exceed 6 inches in thickness, as

distinct from the Calcareous Ash. It is very variable in character

also, varying even in one quarry from a very coarse to an even-

grained I'ock of fine texture containing mudstone patches ; at

times, also, there is very little ashy material beyond certain blacker

lumps, which are, however, quite distinguishable from the mud-

stone ; seen under the microscope the ash is found to be largely

composed of a great variety of highly silicified lavas, some of

which are vesicular.

Gelli-grin Calcareous Ash Series.

The Calcareous Ash Series of Gelli-grin is the most interesting

series in the district, on account of its variable nature. It seems

to be throughout its thickness a potential limestone, and to have

pure limestones developed within it at different horizons in different

places ; these are all of a more or less lenticular character, appear-

ing and dying out fairly rapidl3^ Thus, at Grelli-grin, above the

Pont-y-Ceunant Ash, a thickness of about 40 feet of Calcareous

Ash occurs with an ash-free mudstone-band near the middle, and
above the Calcareous Ash is found the calcareous development so

long regarded as the typical Bala Limestone, comprising 20 feet

or so of massive and concretionary limestones overlain by alter-

nating limestone and mudstone bands; these appear to lie wholl}^

above the Calcareous Ash, being at once succeeded by the

B-hiwlas Beds, of a totally different nature. This development is

continued on Bryn-cut, on the opposite side of the Hirnant valley,

but it changes when traced southwards. In the stream-section

between Gelli-grin and Moel-fryn there is no trace of any limestone

whatever, although calcareous ashy mudstones seem to be well

developed ; on Moel-fiyn to the south the limestone reappears, but

in the middle of the Calcareous Ash approximately at the horizon

of the mudstone-band of the Gelli-grin section, Avhilea considerable

thickness of ashy mudstone at the top seems to represent the

Gelli-grin Limestone. On Brjai Pig still farther south the

development agrees in the main with that at Gelli-grin ; but the

limestone proper seems to extend rather higher up into the series,

with a resultant greater thickness of crj^stalline limestone. On
Creigiau B^^^chain there is no calcareous development at all, apart

from the Calcareous Ash ; but immecliatel}^ south of Creigiau

Bychain, in the stream at the foot of the hill, is another calcai-eous

development—the Caerhafotty Limestone—at the ver^^ base of the

Calcareous Ash. No further development of limestones of any
thickness is found in the Calcareous Ash in the area here described,

though a band about 2 feet thick of an ashy limestone has been

worked for lime at Maes-meillion.

In addition to these impersistent hmestones, there is a definite

variation in the Calcareous Ash itself, when traced from norfh to
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south ; it is most conspicuously ashy in the north (Bryn-cut and
Grelli-grin), and becomes less so towards the south, where ashy
mudstones and calcareous mudstones take its place, although
occasional intercalations of thin ashy bands among the mudstones
seem to show that thev really belon 2: to the Calcareous Ash Series.

AYhen all the ashy material disappears, they are practically in-

distinguishable lithologically from the luiderlying Allt - Ddu
Mudstones.

The Pont-y-Ceunant Ash at the base of this Calcareous Ash
Series contains no fossils ; but the remainder of the Series is richly

fossiliferous, yielding many brachiopods and ti'ilobites. Among
the bi-achiopods OrtJiis (^Ticolella) acfonice, Triplecia spiri-

feroides, and Flectanibonites rliombica are the most conspicuous
;

0. actoiiice occurs throughout, but is particularly characteristic of

the limestone facies, while the TrijjJecia and Flectamhonites

abound in the more ashy beds. Among the trilobites Trinucleus

gihhif'/'ons and Calymene caractaci are common, and JBterygo-

metojji'.s juJtesii is apparently characteristic of this horizon.

Fig. 2.

—

Section up Bryn-cut . CHorizoYLtcd scale

6 inclies^l mile.)

River Himant

l = Allt-Ddu :Mudstones.

2=Pont-v-Cennaiit Asli.

3= Ge]li-GrixL Calcareous Ash.

4=rCTelli-C-;-riiL Limestone.

5= Eiiiwla5 Miidstone.

The limestone facies of this Ashy Series usually comprises one

or more bands of massive or concretionary, dark grey-blue lime-

stone, which is highly crystalline. It seems to be very pure, and

has invariably been worked for lime in the past, kilns being

associated with practically every outcrop. It sometimes contains

small black phosphate-nodules, and at Y Garnedd is somewhat

oolitic in character. It is usually a conspicuous feature in the

landscape Avherever it has been worked, since it shows up as a

rock-wall in which the purer beds have a roughened outer surface:

but the more thinly bedded portions show a definite honeycombed

appearance on their Aveathered faces : this honeycomb weathering

is also characteristic of the more calcareous portions of the

Calcareous Ash itself, though there is little resemblance between

the two rocks when freshlv fractured.
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Rliivvlas Mudstone and Limestone.

Following on the Gelli-grin Ashy Series come the Khiwlas

Beds, another mudstone series with impersistent liinestones at its

base. There is, however, a marked change in lithological character,

whether limestone be developed or not : the characteristic beds are

very fine pale-grey mudstones with some sandy mud stones, of so

even a texture that they might be termed pasty ; these are, as a

rule, highly cleaved, and sometimes contain definite calcareous

concretions. The coarser micaceous sandy beds which lie above

them are less cleaved, but are still pale gre^^ in colour. The base

of these Rhiwlas Beds appears to be calcareous west of a north-

and-south line running through Gelli-grin. There seems to be

only one locality in the district where the Grelli-grin and Rhiwlas
Beds are both calcareous, and this probably—in 'part, at any rate

—

accounts for the confusion that has existed in the past with regard

to these beds, although they really differ conspicuously in fossil

contents as well as in lithological character. The Khiwlas Lime-
stone is a pale-grey, minutely-lenticular, fragmentary limestone,

and doubtless on this account is unsuitable for burning for lime

:

hence, unlike the limestones at the lower horizons, it has never

been worked for that purpose. When weathered it presents much
the same external appearance as the lower limestones, being charac-

teristically honeycombed. It commonly occurs also in wall-like

stretches varjdng from 10 to 15 feet in thickness, but never, so far

as my knowledge goes, exceeding the latter thickness.

The characteristic fauna of these Khiwlas Beds is the same,

whether the limestone be developed or not, and a noteworthy
feature is the almost total disappearance of all the large brachiopods

which form so essential a part of the fauna of the Gelli-grin Beds.

Certain small brachiopods occur ; but it is the trilobite fauna that

is the most conspicuous element, and the trilobites also are very

different from those found in the lower beds, the most typical

forms being Fhillipsinella parahola^ Stauroceplialus murchisoni,

Gheirurus himucronatus, LicJias laxatits, large Illsenids, and
Agnostus agnostiformis. There is a relatively greater number of

individuals in the limestone, but the fauna is the same in the

pasty mudstone ; it gradually dies out in the overlying beds, and
has completely disappeared by the time that the Moel-frj'-n Beds
have developed in force.

Moel-fryu Sandstones.

These sandstones, which are first seen merely as bands in the

Khiwlas Mudstones, become eventually massive, and occupy a

considerable area of ground on Moel-fryn and on the hills north of

the Hirnant valley beyond Aber Hirnant. They are a very mono-
tonous and uninteresting set of beds, somewhat micaceous and of

the same pale-grey colour throughout, Avithout a trace of an}'-

fossils, so far as I have been able to discover.
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Foel-y-Ddinas Mudstones.

Towards their upper limit the Moel-fiyn Sandstones give place

to rocks of more varied character : these are mudstones with large

concretions, some fine-grained concretionary sandstones, and some
bands of a peculiar rubbh^ rock, perhaps at one time calcareous,

intercalated in the mudstone ; their pale-grey colour is still cha-

racteristic, but these beds have yielded a definite fauna of small

brachiopods and big trilobites {FJiaco^JS mucronatus).

Hirnant Beds.

These deposits are notably different in character from the

beds below them, showing in fact a return, as regards the mud-
stones, to the darker blue-grey mudstone type of the Allt-Ddu
Beds, but with a totally distinct fauna. The change takes place

fairly rapidly, and, in the tj^pical development as seen in the

Hirnant valley near its head, the mudstones contain a remarkable
pisolitic rock, the so-called Hirnant Limestone. This lime-

stone has only a very local development, although the pisolitic

mudstones associated with it are more widespread. These Hirnant
Beds seem to change very rapidly along their strike ; in place of

the mudstones and the pisolitic limestone, a series of calcareous

grits and purer quartzose grits occur, and this gritty character

appears to become more pronounced northwards.

The highest mudstones seem to show the incoming of deeper-

water conditions, as fine slaty shales which form good slate-bands

come in, and, gradually increasing in importance, finally supersede

all the mudstones. Purely slaty rocks succeed, in which trial-

shafts have been made. These slates fall into two groups, a

lower blacker, harder, and somcAvhat less banded group, in which
Upper Birkhill graptolites have been found; and an upper softer

group, with some lighter bands, yielding typical Tarannon
graptolites.

IT. Details oe Special Sectioxs.

Nant Aber Derfel.

The nature of the Derfel Limestone and its relation to the

Dicranoqraptus Shales have been described and mapped by Prof.

W. Gr. Fearnsides, and, as he points out, the Derfel Limestone is

best exposed in the gorge of the Nant Aber Derfel below the

bridge carrying the old road from Ai-enig to Bala : here the shales

above the limestone seem to be entirely without any trace of

fossils ; but out on the moor, above the bridge, when the stream is

low, the shales intervening between the limestone and the Volcanic

Series may be seen. They have yielded the following graptolites :

Dicellogra])tu8 sextans (Hall), Nemagraptus sp., Climacograptns

schdrenhergi Lapworth, and CI. hrevis Elles & Wood. It is quite
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likely that the graptolites Dicranograptus rectus Hopkinson and
Amplexograptus perexcavatus Lapworth, found by Prof. Fearn-

sides in a loose block of shale on Mynydd Nodol, may have come
from the same beds, since they, like the others, are characteristic

fossils of the Upper Grienkiln Shales. The Derfel Limestone
would, therefore, appear to be of Llandilian age ; and, indeed, its

fauna is a very remarkable one, since it is not of the type usually

characteristic of the Welsh Llandilian, but approximates more
closely to the fauna of the Scottish deposits of that age—more
especially, perhaps, that of the Stinchar Limestone. The following

are the more important forms :

—

Lichas laxatus M'Coy.
Cyhele verrucosa (Dalman).
Cyhele rugosa (Portlock).

Illaenus cf. halclatchiensis Reed.
Acidas^ris hysterix Wyville Thomson.
Harpes flanagani Portlock.

Trinucleus sp.

Orthis (PlatystrophiaJ hiforata

(Schlotheim).

Orthis fNicolellaJ actonise (Sowerby).

Orthis (HebertellaJ crispa (M'Coy).

Orthis alata Sowerby.
Orthis (DalmanellaJ testiidinaria

var. gracilis Reed.
Orthis fDalmanellaJ girvanensis

(Davidson).

Orthis playfairi Reed.

Orthis (HeterorthisJ co?i/ims (Salter?).

Skenidium leivisi var. craigense

Reed.
Triplecia craigensis Reed.
Clytonia andersoni Reed.
Clitamhonites asceridens Pander ?

Leptsena rhomhoidalis Wilckens.

Rafinesquina expansa var.

Rafinesquina suharachnoidea
Reed(?).

Stropheodonta corrugatella (David-
son).

PlectamhonitesllandeiloensisiDa^Yid-

son).

Plectambonites sericea var. serni-

rugata Reed.

Numerous Bryozoa and a few Cri-

noid-stems and Cystid-plates.

Nant Rhyd Wen.

Nant Rhyd Wen affords the best section in the Grlyn-Gower
Beds, up to their junction with the Frondderw Ash. The massively-

bedded Grlyn-Grower Sandstones are seen close to the junction of

the stream with the Afon Glyn dipping 30° south-eastwards, and
these occupy the bed of the stream for about 140 yards ; then some
soft shale-bands are occasionally seen alternating with the sand-

stones : one of the lowest yielded traces of graptolites (^Diplograpti)^

including Orthograptus truncatus Lapworth, and other bands
yielded Trinucleus of the concentricus type, Glyptocrinus
hasalls, and Beyrichia. These beds, which are now more sandy
mudstones than sandstones, continue for another 300 yards until

the stream makes a definite bend, and, instead of running north-

westwards, turns nearly due north. At this point a low clifE on
the right bank shows a section of some interest : at the top of the

clifE the Frondderw Ash is seen, and at the bottom a good crystal-

line limestone, a few feet of sandy mudstone separating the two.

The limestone appears to be merely a lenticle, for it dies away
rapidly northwards and southwards, and is never more than
18 inches thick ; it is, however, richly fossiliferous, the following

Q. J. O. S. No. 310. L
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forms occnrring, and Ortliis (^Sarlcnessella) vespertilio being

especially abundant :—
Orthis (HarT^nessellaJ vespertilio

(Sowerby).

Dcdmanella testudinaria (Dalman).
DalmaneUa elegantula (Dalman).
Strophomena fRafinesquinaJ expansa

(Sowerby).

Plectamhonites sericea (Sowerby).

Asai^hi's poicisi Salter.

Calymene brevicapitata Portlock.

Calymene planiinarginata Eeed.
HomaJonotus sp.

Triniideus of the concentricus type

(gihhifrons M'Coy r).

Tri nucleus sp. nov.

JEnci-inurus multisegmentah'S (Port-

lock).

Monticulipora fibrosa (M"Coy).

Glyptocrinus basalis M'Coy.

The JFrondderw Asli then comes down to the stream, and sti'ikes

along it for about loO rards : it is here thinning out rapidly, and
seems to be really two thin ash-bands separated by mudstones. As
it leaves the bed of the stream to run up the opposite hillside a

second limestone lenticle is seen—this time, however, above the ash,

and with a quite different fauna from the other ; in this gasteropods

are especially abundant :

—

Lopliospira gyrogonia (M"Coy).

BeUerophon (Sinuites) bilobatus

(Sowerby).

Murchisonia cf. simplex M'Coy.
Monticulipora fibrosa M'Coy.
Oi-thoceixis vagans Salter.

Strophomena fRafinesquinaJ ex-

pansa (Sowerby).

Ortiiis of tlie calligramma type.

Trinucleus of the concentricus type
& sp. noT.

Glyptocrinus basalis M'Coy.

This limestone lies at the base of the Allt-Ddu ^Mudstones.

Y Garnedd.

Thouc^h the beds at Y G-arnedd are much broken, vet the sue-

cession has features of especial interest, since some beds are better

developed there than anywhere else in the district, and it is the

locality where the Gelli-grin Limestone is definitely oolitic. Only
the higher Caradocian Beds are seen ; north of the main Llander-

fel road the Allt-Ddu ]Mudstones are well exposed, and exliibit the

usual bedding-surfaces denselv covered with fossils. The followinor

have been recoo-nized south-west of Pandv-isaf :

—

Orthis fHeterortJiisJ alternata

(Sowerby) & var. retrorsistria j

(Davidson).

Orthis (UalmanellaJ elegantula
;

(Dalman).
Strophomena fRafinesquinaJ eipansa

(Sowerby).

Plectamhonites sericea (Sowerby).

Lingula ovata Sowerby.
Asaphus poicisi Salter.

Trinucleus sp.

Glyptocrinus basalis M'Coy.
Beyrichia fTetradeUaJ complicata

(M'Coy).

Orihograptus truncatus Lapworth &
var. pauperatvs Lapworth.

The higher beds of these Allt-Ddu Mudstones are seen on the

south side of the road, and with the Pont-y-Ceunant Ash and the

Gelli-grin Calcareous Ash are sharply folded, good exposures that

reveal the structui'e being visible on or close to the track running

between the Llanderfel and Lake-Yyrnwy roads ; there is an almost

continuous section of the Allt-Ddu Beds between the road and
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Y Garnedcl Quarry, and at one point on the track about 100 yards

north-east of the quarry an interesting calcareous bed is seen full

of Seterorthis alternata, yielding in addition :

—

Leptsena rhomhoidalis Wilckens.
Strophomeiia (RafinesquinaJ ex-

pansa (Sowerby).

Glyptocriiius hasalis M'Coy.
Beyrichia (Tetradella) complicata

(M'Coy).

Orthis (HeterorthisJ alternata var.

retrorsistria (Davidson).

Orthis (DinortliisJ flabelltdiim

(Sowerby).

Orthis (s.s.) calligramma Dalman.
Plectamhonites sericea (SoAverby).

Plectamhouites transvei'salis (Dal-

man).

This bed when traced round exhibits the folding very well.

In Y "Garnedd Quarry the relation of the Pont-y-Ceunant Ash
to the underljdng beds is clearly seen, the junction being re-

markably irregular and ' pockety.'

Fig. 3.— Y-Ga7'nedd Qicarri/ : diagrammatic sketch illicstrating

the ' pochety'' nature of the junction of tlie Pont-y-Ceunant
Ash with the Allt-Ddu JSIudstones.

The Pont-y-Ceunant Ash itself contains no fossils, but the Gelli-

grin Calcareous Ash which overlies it is more or less fossiliferous

throughout, particularly so in a band about 7 feet above the base.

The following forms are all common

Orthis (Nicolella) actoiiiae (Sowerby).

Orth is fPlatystrophaJ hiforata

(Schlotheim).

Orthis (DalmanellaJ elegantula

(Dalman).
Orthis (Plectorthis) plicata{Sowevhj).
Orthis (DalmansllaJ testudinaria

(Dalman).
Orthis (Harhnessella) vespertilio

(Sowerby).
Triplecia (Cliftonia) spiriferoides

(M-Coy).

Leptsena rhomhoidalis Wilckens.
Stropheodonta comtgatella (Davidson).

Plectamhonites sericea (Sowerby).

Plectamhonites transversalis (Dal-

man).
Plectamhonites rhomhica (Davidson).

Trinucleus concentricus Eaton.

Trinucleus gihhifrons M'Coy.
Galymene planimarginata Reed.

Galyinene caractaci Salter.

Beyrichia complicata. Salter.

Monticitlipora lycoperdon (Say).

MonticuliporcL fihrosa (M'Coy).

Cystid-plates.

P7'imitia.

Palsearca sp.

l2
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On the east side of the track which runs between the Llanderfel

and Lake-Vrrnwy roads east of Y Grarnedd farmhouse, the trend of

the beds is practically at right angles to that of those on the ^Yest

side, against which they are obviously faulted. The Grelli-grin

Limestone has here an extensive outcrop, since it appears to be

just rolling over : it has, as usual, been quarried for lime, and has

yielded the following fossils

Ovthis fXicolellaJ actoniae (Sowerby).

Orthis fPlectorthisJ plicata

(Sowerby).

Orthis (Dalmanella) elegantulatype.

Ortliis (Dalmanella) testudinaria

type.

Triplecia fCliftoniaJ sinriferoides

(M^Coy).
Plectamhonites sericea (Sowerby).

Calymene caractaci Salter.

Chasmops macroura (Sjogren).

Monticulipora fibrosa (M'Coy).

Lender the microscope the limestone is seen to be definitely

oolitic : this character is, however, only visible in hand-specimens

when thev have been verv m.uch weathered. L^nderlvinsj the

limestone the Calcareous Ash may be detected ; but it is not well

exposed, although the Pont-y-Ceunant Ash shows up beautifully

on a good dip-slope with the Allt-Ddu Mudstones underneath it.

The Grelli-grin Limestone is also seen again near an old limekiln

on the north-east, nearer the river, with the lower beds beneath it

a little farther north : the relation between these two sets of beds

is rather obscure, but is suggestive of tear-faulting, with the tear

running east and west.

The limestone is also apparently faulted westwards against the

Allt-Ddu Beds, which are overlain by the Pont-y-Ceunant Ash and
the Calcareous Ash, all three forming part of a small syncline.

Bryn-cut and Gelli-griii.

Part of the succession is clearly seen on the slopes of Bryn-cut.

although the outcrops of the different beds are shifted in places

by a series of tear-faults. The lower part of the hill on the

north side is occupied by the Allt-Ddu Mudstones, highly cleaved

as usual, except in a few harder more sandy bands : these slightly

harder beds make two well-defined little scarps of which the lower

is the more conspicuous (fig. 2, p. 1-42). Fossils occur throughout,

commonest forms being the following :

—

Ortliis (HeterortMs) alternata

(SoAverby) & rar. retrorsistria,

(DaTidson).

Orthis (Dinorthis) flahellxdum

(Sowerby).

Plectamhonites sericea (Sowerby).

Strophomena fRafinesquinaJ ex-

panse. (Sowerby).

Strophomena (R.) gra ?ifZis (Sowerby).
Trinuclev.s gihhifrons M'Coy.
Trinncleus concentricus Eaton.
Asaphus poicisi Salter.

Calymene caractaci Salter.

A short distance above the upper of the two scarps in the mud-
stones, another feature is formed by the Pont-y-Ceunant Ash, here

about 25 feet thick ; and about 50 feet of rock separate the ash
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from the limestone outcrop, which in places is practically vertical.

The Grelli-grin Limestone is here particularly pure, and has yielded

only a few fossils :

—

Orthis (NicolellaJ actonias (Sowerhj). Christiania tenuicincta (M'Coy).
Ortliis (Dahnanella) elegantula var. Hyattella 'portlockiana (Davidson).

Orthis fPlatystrophiaJ biforata Lingula ovata Salter.

(Schlotheim). Monticuliporids.

StrojyJiomena fBafinesqniiiaJ ex-

pansa var.

The base of the limestone is a massive, blue-gre}?-, crystalline

rock; but it becomes more concretionaiy towards the top, and is

immediately overlain by the pale-gre}^ pasty Rhiwlas Mudstone,
which close to Plas-Khiwaedog contains :

—

Encrinurios sexcostatus Salter.

Cyhele verrucosa (Dalman).
Illsenus davisi Salter.

Cheiriirus sp.

Liclias sp.

Stmtrocephalus Tmirchisoni Barrande.

Trinucleus sp.

Orthis (DalmanellaJ elegantula var.

drummucTcensis Reed ?

Orthis fHehertellaJ crispa (M'Coy).

Cystid-plates.

Primitia.

Most of the beds seen on Bryn-cut are also visible on the Lake-

Yyrnwy road, with the exception of the Gelli-grin Limestone,

which has been faulted out ; on the other side of the valley the

rocks sweep up and round to the classic locality of Gelli-grin,

where the Allt-Ddu Beds and all the members of the Gelli-grin Ash
Series are well seen. Just as on Bryn-cut, small scarps mark the

position of the harder beds ; but here it is the Pont-y-Ceunant Ash
that makes the most definite feature, forming a low wooded ridge,

easily detected at the lower level on the north side of the hill

where it has been shifted by a tear-fault. The flatter open ground
above is occupied by the Calcareous Ash, which has a well-marked

mudstone-band near the middle of its course, and above again a

steep cliflc-like rise marks the position of the famous Gelli-grin

Limestone (Bala Limestone). In places this is a ver}'- massive and
highly crystalline rock, but elsewhere it consists of large concre-

tionary masses running together, considerable variation in this

respect being noticeable in the different quarries along the outcrop.

Upwards, however, both the more massive and the more concre-

tionary types pass over into thin bands of small concretions,

grading up into regularly-bedded, highly-calcareous mudstones with

a few bands of limestone, the total thickness not exceeding 25 feet.

The concretionary and massive types of the limestone weather to

a somewhat rough texture, with a conspicuous rusty-red colour

;

while the less massive u]3per beds show weathering of the honey-

comb type. Lnmediately above, and continuing the sharp rise of

the hill, are seen the pasty Rhiwlas Mudstones (fig. 5, p. 154).

The most fossiliferous parts of the limestone appear to be in the

quarr}'' lying west of Gelli-grin farmhouse, and along the cliff-

face west-south-west of the farm, this last being the exposure

recorded by Jukes. The fossils noted are as follows :

—
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Orthis (PlectorthisJ plicata

(Sowerby).

Orthis (Plsesiomys) porcata

(Sowerby).

Orthis (NicolellaJ actonise (Sowerby).

Orthis fDalmanella) elegantula var.

Orthis fDalmanella) testudinariaybut.

Orthis nng^iis Sowerby.
Leptsena rhomhoidalis Wilckens.

Plectaynhonites sericea (Sowerby).

Plectamhonites rhomhica (Davidson).

Lingula ovata Sowerby.
Pterygometopus jiikesi (Salter).

Cyhele sp.

Trinucleus concentricus Eaton.

Beyrichia (Tetradella) coinplicata

(M'Coy).

Monticulipora fibrosa (M'Coy).

Monticulipora lycoperdon (Say).

Monticulipora lens (M'Coy).

Cystid-plates.

A good section of the upper beds is displa3^ed along an old cart-

track leading to the moor : this track runs at first across the strike,

and the Grelli-grin Calcareous Ash with the limestone above it is seen

dipping at 30° along the track. Just where the track bends round
so as to run at right angles to its former direction for a short dis-

tance, it runs parallel with the junction of the limestone and the

Rhiwlas Beds, which may be clearly seen on the south side resting

upon the limestone ; while higher beds are exposed still farther

along the track after it has resumed its original trend. These
Rhiwlas Mudstones contain :

—

Phillipsinella parabola Barrande.

Lichas laxatus M'Coy.
Encrinnrus sexcostatus Salter.

Agnostus agnostiformis (M'Coy).

Remoplenrides colhii Portlock.

Remopleiirides sp.

Stanrocephalus murchisoni Barrande.
Illsenus davisi Salter.

Trinucleus sp.

Cheirurus himucronatus Mnrchison.

Plumidites peachi (N. Etheridge).

Orthis (Hehertella) crispa (M'Coy).
PIectamhonites quinqueeostata

(M'Coy).

Stropheodonta corrugatella (David-

son).

Christiania temiicincta (M'Coy).

Slienidium sp.

Very small Ostracods.

Traced southwards the limestone is seen to bend sharpl}'' round
slightly above a little fir-copse, where the main road divides into

two, and this change in strike is Yevj obvious in a good exposure

close to the lower of the two roads. The Pont-y-Ceunant Ash also

exhibits this folding, but part of its outcrop is faulted off.

The course of the limestone is marked hj dense vegetation, so

that wlien, as the result of the tear-faulting, the ash is brought
against the limestone there is little to distinguish the two in this

respect ; the feature due to the limestone dies away before Yspydd-
adog is reached, and not a trace of it is to be found in the streams

between Grelli-grin and the Moel-fryn quarries.

Moel-fryn.^

The sections seen in the Moel-frj^n quarries are particularly

interesting : the ashy material, as a whole, is very much less con-

spicuous than at Grelli-grin ; no definite band of ash occurs at the

base, but there is a correspondingly greater thickness of cleaved

aslw mudstones and calcareous ashes, suggesting that the Pont-y-

Probably Bryn-melyn of tbe old Geological Survey lists.
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Fig. 4.

—

Detail of Long Quarry

-

face, Moelfo^yn. (Vertical

scale: 1 incli^=.Jf\feet.)

.;„„,Mm^r^'^'^"!^'^P////I
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into calcareous

ashy mudstone.

Limestone.
Mudstone band.

Ashy mudstone.

Massive
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(worked for

lime)

.

end of the exposure, are seen Ehiwlas
stone type, while a little farther out

Ceunant Ash has become
merged in the Calcareous

Ash Series, which is

extremely fossiliferous

throughout. The lime-

stone, on the other hand,

is well-developed, al-

though it is at a dif-

ferent horizon from the

limestone of Grelli-grin,

being in the middle of

the Calcareous Ash
Series (fig. 6, p. 154).

This limestone makes a

definite feature as soon

as it crops out, and is first

seen just a little below

the moor wall ; here it

is much bent about,

striking north-east and
south-west, north and
south, and east and west
in rapid succession. A
lower feature on the hill

seems to mark the base

of the Calcareous Ash
Series, and the Allt-

Ddu Mudstones are seen

below, all these rocks

being then abruptly cut

off by the Moel-fryn

displacement which runs

across the whole country.

The face of the long

quarryshows an excellent

section (fig. 4) with the

massive limestones at

the bottom overlain by
cleaved ashy mudstones,

and at the top a distinct

band of coarse ash, at

least 1 foot thick. Above
this band of ash there

is about 20 feet of cal-

careous ashy mudstone,

and immediately above

this, at the southern

Beds of the pasty mud-
on the moor the higher
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beds of the Ehiwlas Series mav be noted. The fossils from the

Calcareous Ash include the foUowins; :

—

Oi-this (Hai-knessella) vespertilio

(Sowerby).

Orthis (PJectoHhisJ plicata

(Sowerby).

Orthis fPlassiomysJ porcata

(Sowerby).

Leptsena rJiomhoidalis Wilckens.
Plectamhonifes sericea (Sowerby).

Plectamhonites riiombica (Davidson).

Plectamhonites transversalis (Dal-

man).
Stropliomena deltoidea Conrad.

Orthis (DalmanellaJ elegantula var.
j

Trinucleus concentricv.s Eaton.
parva Eeed. > Trinucleus gihhifrons M'Coy.

Orthis (DalmanellaJ testudinaria Calijmene caractaci Salter.

(Davidson). Pterygometopus juliesi (Salter).

Orthis fs.s.J calligramma Davidson. Acaste ap)iculata (Salter).

Orthis (Platystrophia) hiforata Lichas laxatus 'M'Coj.

(ScUotlieini). Beyrichia complicata M'Coy.
Orthis fXicol ell aj actonise {Sowevloj).

,

Monticulipora lycoperdon (Say).

Triplecia (Cliftonia) spiriferoides
\

Monticulipora fibrosa (M'Coy).

(M'Coy).

The fauna of the limestone appears to be much the same,

although, on the Axhole, individuals are not so numerous.

Bryn-pig.-^

The chief interest of the Brvn-pig exposures is the occurrence

of the calcareous facies of both the Ehiwlas Beds and the Gelli-

grin Calcareous Ash Series in the same section, proving clearly (if

proof be needed) that on lithological grounds alone, apart from
any palseontological considerations, it is possible to discriminate

between the old so-called Bala Limestone and the Ehiwlas
Limestone.

The main exposure is that forming a more or less sheer clif£-face

on the south-eastern flank of Bryn-pig, where the beds are seen

forming part of a syncline obliquely faulted through its centre.

The lower of the two limestones is here especially well-

deyeloped; and is a beautiful, highly crystalline, dark blue-grey

rock, which on the north side of the hill is much veined with both

quartz and calcite, the presence of the quartz being due apparently

to the proximity of a fault along which there has been much
quartz mineralization. All along this north side of the hill the

lower rock has been extensively quarried for lime ; about 1 foot of

Calcareous Ash and 4 feet of pasty Ehiwlas Mudstone sejDarate it

from the lowest stratum of calcareous Ehiwlas Beds—that is, the

Ehiwlas Limestone. This limestone, as developed here, is neither

so crystalline in character nor so massive as in some of the more
westerly exposures (Creigiau Bychain). but is still definitely a lime-

stone ; towards the top the calcareous bands are separated by bands

of the pasty Ehiwlas Mudstone, which show up well on the

weathered surface by virtue of their cleavage : if we reckon all these

with the main limestone-band (about 6 feet thick), the calcareous

development of the Ehiwlas Series may be estimated as having

a thickness of 12 feet, and the occun-ence of abundant small phos-

^ Probably Bryn-bedwog of the old Geological Survey lists.



Orthis fNicolellaJ actonise var.

asteroidea Reed.
Christiania temticincta (M'Coy).

Orthis (Hebertella) crispa (M'Coy).

Orthis elegantula, var. dvummucTi-
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phate nodules in it is characteristic. The fossils from this locality

include :

—

Phillipsinella parabola Barrande.
Agnostus agnostiformis (M'Coy),
Encrinurus sexcostatus Salter.

Staurocephalus murchisoni Barrande.
Lichas sp.

Illsenus davisi Salter. I ensis Reed.
Cheirurus Mmibcronatus Murchison, Hemicosmites sp.

Trinucleus sp.
i

EchinosphseritesarachnoideusSaltev.

Above this are seen at least 20 feet of pasty Rhiwlas Mudstone,

so that the faunal succession compares well with that observed at

Gelli-grin. (See figs. 5 & 7, p. 154.)

As we pass round the syncline to the west it becomes obvious

that both limestones are abruptly cut off, and their place taken in

the line of strike by the fossiliferous Calcareous Ash, the outcrop

of the Grelli-grin Limestone being shifted into the line of the

E-hiwlas Mudstones. Thus, the syncline, as seen so far, is affected

hy cross-faulting with a downthrow to the north, the result being

that orT the south the Gelli-grin Limestone is practically folded on

itself, the merest tongue of pasty Khiwlas Mudstone occupying
the centre of the fold ; this limestone is not well exposed at the

present time, but a double line of workings indicates its outcrop.

Oddly enough, the outcrop of the limestone is almost continuous

on the south-east side of the fold despite the fault, and both
outcrops are trmicated by the Moel-fryn displacement. The small

dislocation east of the fold has the effect of diminishing the

outcrop of the Calcareous Ash, and brings the Gelli-grin Lime-
stone very close upon the Allt-Ddu Mudstones.

Another small outcrop of limestone seems to belong to another

fold, while a highly contorted outcrop \jmg south of this and
east of the main outcrop is so affected by the great line of disturb-

ance in its immediate neighbourhood that some of the associated

mudstones are practically schists. At this localit3^ probably on
account of the lenticular nature of the Grelli-grin Limestone, there

is a rather greater thickness of rock separating the two limestones,

a foot and a half of Calcareous Mudstones, 4 feet of Calcareous

Ash, and 4 feet of pasty Rhiwlas Mudstone being clearly visible

above the main limestone and below the calcareous development of

the Ehiwlas (fig. 7, p. 154). At this locality the lower limestone is

richly fossiliferous, and has yielded the following species :

—

Orthis (NicolellaJ actonise (Sowerby).
|

Plectambonites sericea (Sowerby).
Strophomena (Rajinesquina) ex- Calymene sp.

pansa (Sowerby).

Creiglau Bychain.

The group of synclines on Creigiau Bychain shows an excellent

series of exposures of the calcareous development of the Bhiwlas

Beds, with a maximum thickness of 12 feet ; occasionally the beds

are calcareous right down to their junction with the Calcareous

Ash, in other places there is a definite band of pasty mudstone
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intervening between the two. The limestone shows up best on the

scarp-face, and then forms a wall-Uke mass weathering in honey-

comb fashion, and recalhng in many respects the less massive part

of the Grelli-grin Limestone as regards outward appearance. Com-
pared with the lower limestone, however, theKhiwlas is always, as

already stated, paler in colour, less pure, minutel}^ lenticular, and
more fragmentary, characteristics which probablj" account for its

rejection for burning to lime, while the Gelli-grin and other lime-

stones of the Calcareous Ash Series have invariabl}^ been utilized in

this respect. Highly calcareous mudstone-bands are intercalated

in the Rhiwlas Limestone, and some of these, as also the purer

more crystalline limestone-bands, contain phosphate-nodules which
vary in size, the biggest found on Creigiau Bychain being about

the size and shape of a blackbird's egg.

The greatest of the sj'nclines presents a definitely ovoid outline,

its axis trending practically north and south, and having a gentle

southward pitch, the general shape of the fold being clearly indi-

cated b}^ the wall-like outcrop of the Ehiwlas Limestone. A
second minute fold occurs immediately north-east of this, in which
the Rhiwlas Limestone is bent upon itself at the top of a little

roll-over of the Calcareous Ash ; farther north-westwards another

almost complete syncline in the limestone is seen, and a fragment
of the same rock indicates its connexion with another similar

pitching fold still farther north-westwards.

The Khiwlas Limestone of the greatest syncline has yielded the

following fossils :

—

Encrinurus sexcostatus Salter.

AgnosUis agnostiforrais (M'Coy).
lUsenus davisi Salter.

Phacops sp.

Christimiia tenuicincta (M'Coy).

Hyatella portlochlana (Davidson).

Plectamhonites transversalis (Dal-

man).
Echinosphsevites stellulifera Salter.

Glyptocrinus hasalis M'Coy.

While the Calcareous Ash immediately beneath is still more
richly fossiliferous, yielding :

—

Calymene caractaci Salter.

Chasmops conicophthalniiis (Boeck).

Trinucleus gihhifrons M'Coy.
Trimicleus excentriciis Eaton.
Homalonotus hisulcatus Salter.

Strophomena fRafinesquinaJ expansa
(Sowerby),

Orthis (Nicolella) actonise (Sowerby).
Orthis (DalmanellaJ testudinaria

var.

Triplecia fCliftoniaJ spiriferoides

(M'Coy).

Plectamhonites rhomhica (Davidson).

Plectamhonites sericea (Sowerby).

Plectamhonites quinquecostata

(M'Coy).

Leptsena rhoinhoidalis Wilckens.
Glyptocrinus hasalis M'Coy.
Monticulipora fihrosa (M'Coy).
Holop)ella sp.

Belleroplion fOxydiscvsJ acutus
(Sowerby).

(vwni-yr-Aethnen, Pen-y-Dallgwm^ and Foel-y-Ddinas.

These places together afford a good section of the highest beds

of the Ashgillian and overlying Silurian rocks.

The Moel-fryn Sandstones, as already described, are very

monotonous pale-grey rocks, with some intercalations of mudstones
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towards the top ; thev form the steep- sided valler of the Hirnant
below Bwlch-yr-Hwch and the Avhole of the precipitous Dallg^A•m,

where they are seen dipping eastwards at increasingly higher
angles. They occupy the greater part of Bwlch-yr-Hwch itself

;

but, at its south-eastern end, it is obvious from the change in

the scenery that the rocks alter in character, and this alteration

coincides with the beginning of the Poel-y-Ddinas Mudstones.
These beds are, in the main, highly-cleaved pale-grey mudstones,
but comprise some of a rubbly concretionary nature, which weather
in a very characteristic manner ; all dip eastwards at angles from
60^ to 70^, and appear to contain fossils thi-oughout, although the
fauna is not a rich one, the most noteworthy feature being the
presence of Phacops mucronaius Brongniart, the remainder being
chiefly small brachiopods, such as Atrypa marginalis Dalman,

Fig. S.

—

S/cetcJi looJcing uortliwards, slioicing ilie Hirnant Beds
and their relation to tlie Silurian. (Horizontal scale :

6 inc]ies= l mile.)

Pen y Dallg-wm Foel y Ddinas

Bwlch yr Hwch

l= roel-T-Ddiiias Beds. 3= Hirnant Limestone. 5 & 6= Graptolitic shales

yielding graptelites
indicatiTe of the
zones of Mono-
graptus sedgvsiclci

and 3/. crisinis.

2=Hirnant 3Iudstones

below Hirnant
Limestone.

4= Hirnant Mudstones
above Hirnant
Limestone.

Orthis (^Dalman ella) elegantula (Dalman), SJcenidiiim sp., and
PlatystropJiia hiforata YRY.Jlssicosfata (Davidsen). These deposits

are succeeded by the Hii-nant Beds, dark-blue mudstones of much
softer nature, which yield far more readily to weathering than the

beds beneath them : they dip at a still higher angle, 70' to S0°,

being (as it were) plastered on the east side of Pen-y-Dallgwm.
They seem to occupy the head of the Hirnant valley i Cwni
Hirnant), and the line of the old high-level valley east of Foel-y-

Ddinas ; but a small tear separates the two. On Pen-y-Dallgwm,
due west of the shepherd's house in Cwm-yr-Aethnen, there is still

to be seen the old classic section in which the famous pisolitic

facies of the Hirnant Limestone occm-s. This is exposed in an old

quarry on the hillside, to which an old grass-track still leads from
the main Lake-Tyrnwy road. The following succession can be

made out there :

—
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Thichness in feet.

(1) Fossiliferous blue-grey mudstone, full of fossils 12

(2) Pisolitic limestone in large concretionary masses measuring

3x2 feet 3

(3) Concretionary calcareous mudstone, almost a limestone in

places, and with numerous scattered pisolitic grains ; blue-

grey when fresh, but weathering to a dirty cream-colour ... 10

(4) Dark bluish mudstone, with a few scattered pisolitic grains,

and but few fossils : 10

[The total thickness of these rocks, as seen in the quarry, is

from 25 to 30 feet.]

The same characteristic fossils occur throna-hout :

—

Orthis liirnantensis M'Coy.
Orthis sagittifera Davidson.
Dalmanella elegantula (Dalman).

StropJwmena siluriana Davidson.

Platystrophia hiforata (Schlotheim).

Monticulipora fibrosa (M'Coy).

The pisolitic limestone has been so well described by Fulcher

that no further description need be given, although the pisolitic

grains which he defines as ellipsoidal in form are only so in the

direction of the cleavage.

On the opposite side of the Hirnant several small slate-trials

have been made ; beneath the lowest of these mudstones similar

to those last described are seen dipping into the hill at 75°, and
these pass upwards into a similar rock but containing slaty bands.

In all these the Hirnant fauna is to be found (fig. 8). The slate-

bands increase steadily in importance, and without any break the

Hirnant Beds pass over into a slate series to which I have given

the name Cwm-yr-Aethnen Beds: these appear to be about

350 feet thick. They are, however, capable of a twofold grouping,

both on lithological and on palaeontological grounds : the lower

group (150 feet) consists of hard, fine, blue-grey slates with some
banding, yielding Upper Birkhill graptolites :—Monograptus
sedgwichi (Portlock), Climacograpttis scalar is (Hisinger), Ortlio-

graptus helluliis (Tornquist), Glyptograptiis serratus Elles &
Wood, and Petalograptus sp., a fairly typical assemblage of the

Zone of M. sedgwicM. These pass up into somewhat softer

slates, more definitely banded in lighter tones than the lower group,

and yielding well-preserved graptolites in the blacker bands :

—

Monograptus crispus (Barrande).
|

Monograptus discus Tornquist.
Monograptus turricidatus (Barrande).

,
Moiiograptus becki Barrande.

Monograptus priodon Brown.
I Monograptus marri Perner.

Monograptus nudus Lapworth.
|

V. Stetjcture of the Disteict.

The structure of the district is somewhat complicated, although
when the main principles underlying the general plan are under-
stood it appears less complex than might be thought at first sight.

The interpretation here given, which seems to accord with the
facts now observed, necessitates a modification of the views hitherto
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puUisliecl regarding

disturbance has been

normal fault with a

the nature of the Bala Fault ; this line of

held by Jukes, Eamsav, and others to be a

maximum downthrow to the north-west of

about 11,000 feet. The nature of

this displacement appears to be dis-

tinctly more complex when viewed in

the light of completer knowledge,

and instead of being continuous with
the Dee-Yalley Fault in the manner
shown on the 1-inch Greological Sur-

vey Map and accepted by Sir Aubrey
Strahan,! it runs up into the country

north of the lake ; there it appears

to have been profoundly affected by
later post- Carboniferous movements.
The evidence in the district as a

whole clearly points, however, to its

having been initiated as an im-

portant structural line in connexion

with the Caledonian System of

foldino:.

The Bala district forms part of

the southern limit of the great S-
shaped buckle of rocks round the Har-
lech Dome, so beautifully brought
out by the outcrop of the volcanic

rocks ~ ; the trend-lines are in the

main those of the Caledonian System
of folds modified by local circum-

stances, the modification in this case

being primarily due to the presence

of the Harlech Dome.
The whole country may be re-

garded as folded round and against

the Harlech Dome by pressure acting

from a general south-easterly direc-

tion : thus, in the area here de-

scribed, the primary folding appears

to follow north-east and south-west

trend -lines in those parts of tlie

district north and south where the

rocks escape more or less from the

influence of the Harlech Dome ; but
in the intervening area where that

influence is fully felt, the axes of

the folds run approximately north and
south. Neveitheless, it is the north-

1 Pres. Address to Sect. C, Eep. Brit. Assoc. (Cambridge) 1904, p. 535.
- Geological Survey of England & Wales :^-inclL maps : New Edition,

Sheets 9 & 10.
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east and south-west trend-lines of the volcanic masses of the Arans

and Arenig Bach that appear to control the trend of the thrust-

planes, the rocks above the volcanics being apparently thrust over

the more resisting volcanic rocks underneath ; hence the major

lines of displacement have a general north-east and south-west

trend, and in the central area cross the lines of folding obliquely.

The differential resistance to the thrusting force in different parts

of the thrust-masses shows itself in the development of numerous
tear-faults. The facts seem to indicate that the rocks must first

have been thrown into a series of major folds with minor folds and
ripples, the trend of which at the present time varies in different

parts of the area between north-east and south-west and north and
south, with a gentle southward pitch (fig. 9). Among these folds

were developed an important anticline and syncline trending

parallel to the line of the Central Wales Syncline ; as pressure

continued, the folds as a whole were packed with increasing close-

ness against the Harlech Dome, and, the resistance of the volcanic

belt becoming more pronounced, the anticline gave way, and its

south-eastern limb Avas driven over on to the syncline by means of

a series of compressional faults, of which the Bala Fault is one.

The existence of this synclinal fold is still indicated in the westward
di^^s of the rocks along the north-western shore of the lake : as,

for example, where the Frondderw Ash is brought up again half a

mile south-west of Llan-j^-cil, farther south 1 mile and li miles

south-west of Llanwchllyn, and perhaps still more clearly north of

the lake north-west of Moel-Emoel, where the apex of the fold,

much torn by faults, is distinctly visible with the line of the Bala
Fault lying to the east of it. Simultaneously with this squeezing-

out of the anticline and the further packing or thrusting on to the
Harlech Dome, owing to the unequal resistance of different portions

of the thrust-masses there were developed the striking series of

tear-faults which are so marked a feature of the district.

That these really are tear-faults and not merely normal faults, as

they were regarded by the earlier workers on this ground, is clear

from the horizontal displacement of the beds affected, which is

entirely irrespective of the amount of dip.

The country appears to be affected by the following major lines

of displacement (fig. 1, p. 136) :

—

(1) The Llyn-Tegid Line.

(2) The Bala-Lake Line.

(3) The Llangower Line.

(4) The Cefn-ddwy-graig Line.

(5) The Moel-fryn Line.

(6) The Ffridd Defaid Line.

There is almost certainl}^ at least one other line to the north-
west within the Dicranograptus Shales ; but this unfortunately
I have been unable to map, owing to the nature of the ground
and the character of the rocks occupying it : for the black shales

afford no evidence of their age, and the lines of break that can
be seen in the section visible in the Nant-Hir cannot be traced for



160 DE. G. L. ELLES ON THE BALA COUNTKY : [vol. Ixxviii,

any distance across the dense grass- or heather-covered moorland.
The differential movements of the rocks, however, seem to necessi-

tate the existence of such lines.

The Llyn-Tegid Line was first noticed by P. Lake (Fault B)i
as running along the north-western shore of the lake ; it seems
to emerge at the northern end of Bala Lake, and, acquiring a

slightly more northerly trend, runs up to the Nant-Hafhesp valley,

being then apparently bent round into one of the east-north-east

and west-south-west lines of displacement of the Moel-Emoel
area. Its chief effect is to cause concealment of portions of the

higher beds, so far as the northern part of the district is concerned.

It appears to be more affected by the topography than the Bala-

Lake Fault and, therefore, is probably of lower inclination.

The Bala-Lake Line is a more important displacement; it

seems to run fairly near the south-eastern shore-line of the lake,

probably just outside the Llangower peninsula, and, emerging at

the northern end of the lake, runs up into the high ground on the

north approximating to the line of the Nant Cwm-da. Every-

where along it the rocks on its south-eastern side are driven over

those on the north-west ; in the extreme south the volcanic rocks

forming Aran Ben Llyn and the beds beneath them are brought
over the Dicranograptus Shales, while farther north the Caradocian

beds are thrust over the Ashgillian in all the country north of the

lake as far as Moel-Emoel. Its inclination is fairly high.

The Llangower Displacement, with the subsidiary Cefn-

ddwy-graig branch, is perhaps the most striking thrust-line of the

district ; for there has been considerable differential movement of

the rocks above this Llangower thrust, and consequently a great

development of tear-faults is associated with it, especially in the

area between Llangower and Mj^nydd Cefn-ddwy-graig, where the

structure of the country is clearly brought out by the outcrops of

the Frondderw Ash. The tearing becomes definitel}^ less with the

development of the Cefn-ddwy-graig Displacement, which seems to

have effected compensation 'en bloc' The beds, however, above

this line of thrust are very sharply faulted and folded near Pont-

y-Ceunant, where the IJangower, Cefn-ddwy-graig, and Moel-fryn

lines all come closer together ; the rocks above the Cefn-ddwy-graig

thrust and beneath that of Moel-fryn show a series of small sub-

sidiary thrusts affecting the anticlinal lines of the small folds so

as to bring about an effect of imbrication, and this, combined with

tearing, has shattered the rocks to j^ieces,

The chief effect of the Llangower thrust is to bring the lower

beds of the Allt-Ddu Mudstones, close to their junction with the

Frondderw Ash, over the higher Allt-Ddu Mudstones ; while

along the Cefn-ddwy-graig line the Glj^n-G-ower Sandstones, the

Frondderw Ash, and the Lower Allt-Ddu Mudstones are all in turn

1 Geol. Mag. 1900, p. 212.



part 2] ITS STEUCTURE AND EOCK-SUCCESSION. 161

brought over the higher Allt-Ddu Beds. The Llangower thrust^

as seen in section near Llangower, has an inclination of about 40°

south-eastwards, and close to the point where it branches off from
this line the inclination of the Cefn-ddwy-graig thrust appears to

be similar, but farther north its inclination becomes definitely

lower and more affected by the topography. At Pont-y-Ceunant,

despite the shattering of the rocks associated with it, the main.

effect is the concealment of some of the Allt-Ddu Mudstones.

The Moel-fryn Displacement is a very extensive fault,

bringing about displacement of the rocks along a line which ex-

tends completely across the area mapped ; it is responsible for much
discontinuity in the beds of the Grelli-grin Calcareous Ash Series,

these being often faulted out, together with parts of the Allt-Ddu

Mudstones and the Rhiwlas Beds. The packing along this line is,

however, decidedly less than along the Llangower displacement,

and the inclination of the fault-plane seems to be at a lower

angle ; tearing is not a characteristic feature of the rocks above it,

except at the northern end of the district, where it is compara-
tively slight as at Grelli-grin or on Bryn-cut.

The Ffridd Defaid Line has been traced for only a short

distance : it appears to cause concealment of some of the Lower
Ashgillian Beds, and is very clearly indicated on the north side of

the Hirnant valley; but on the south the country is at first heavily

wooded and then merges into the open moor, where exposures are

so few and far between that it is no longer possible to trace the^

displacement.

There seems to be fairly definite evidence of the decrease in the-

importance of the displacements east of Bala Lake, and this is

continued still farther eastwards, where along the line of the Hir-

nant valley, at the source of that stream, the beds merely plunge

down steeply without any break, the softer slates being apj^arently

squeezed between the Denbigh Grits and Flags on the one hand
and the hard Moel-fryn Sandstones on the other. All the major
lines of displacement can be traced fairly easily across country,

since they are generally marked by a feature in the landscape, this

being, however, occasionally emphasized by the nature of the rocks

affected ; thus, the Llangower thrust is marked by a well-defined

fault-scarp, which is more pronounced when the harder Grlyn-Gower
Sandstones are brought against the Allt-Ddu Mudstones.
A smaller but clearly defined scarp also marks the line of the

Cefn-ddwy-graig thrust ; on the other hand, the Moel-fryn line is

more usually indicated by a depression, as it is on the pass

separating the valle^^s of the Dwynant and the Afon Glyn.

The tear-faults associated with the major lines of displacement

deserve mention. The most conspicuous are those associated with
the Llangower thrust : of these, the Ty'n-y-mur and Ty'n-y-twll

tears both effect a very noteworthy shift of the Frondderw Ash,.

Q. J. G. S. No. SIO."^ M
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while the Bryniau-goleu tear shifts the same bed when practically

vertical for a distance of half a mile ; the Beudy-Graienyn tear is

the last of the big tears to bring about a noticeable horizontal

movement of the beds. That all have probably been shifted to

some extent is, nevertheless, suggested by the outcrop of the

Frondderw Ash between the two main outcrops north-east of

Cornelau farm; this can only be interpreted as implying a wholesale

shortening of the line by differential movement north-westwards.

The tear-faults associated with the Moel-fryn displacement are

less important, although there is an interesting little group of them
on Bryn-cut, north of the Hirnant valley, where the outcro^js of

the Grelli-grin Limestone and the Pont-y-Ceunant Ash are con-

spicuously shifted.

These tear-faults are also distinguished by definite topographical

features, since the}^ are nearly always marked by a gash limited by
wall-like outcrops of the rock on each side, the width of the gash
varying with the importance of the tear; they also are almost

invariably accompanied by more or less horizontal slickensiding

and by intense quartz mineralization.

VI. Paljeoxtologt.

There are certain features of interest in the faunas found at

different horizons in the Bala district. In the first place, the

fauna of the Derfel Limestone is a remarkable one, for, from
the list given on p. 145, it will be seen that in its general character

the fauna is more closely related to that of the Scottish rather than

to that of the Welsh Llandilian rocks. Brachiopods are far more
conspicuous than is usual in the Welsh Llandilian, and there seems

to be no trace whatever of the trilobites which are of common
occurrence in the Welsh beds of that age, such as Trinucleus

Jimhriatiis^ Aiwpyx nudus, Ogygia huclii, Barrandia radians,

S. cordai, Calymene duplicata, and other forms, which even

as near as Builth (Gwern-y-fed-fach) occur associated with the

same graptolites as those that are found in Nant-Derfel.
Anyone who has studied the faunas of the Lower Ordovician

rocks of Scotland must have realized that they are essentially the

forerunners of the Ashgillian fauna, and some of the forms found
in the Nant-Derfel gorge appear to be identical with some occurring

in the Ashgillian itself. The occurrence, therefore, of this type

of fauna at this horizon in this area is of great palseontological

significance.

As respects the faunas of the Caradocian rocks, while the

grouping here adopted is necessarily based mainly upon the

assemblages found in the Bala country, the assemblages found in

other parts of England and Wales have also been taken into

consideration.

With regard to the general aspect of the Caradocian fauna,

it may be noted that it is essentially a trilobite-brachiopod fauna.

It is very generall}'" rich in brachiopods of large size, many of
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which, however, are not peculiar to it, but are long-ranged forms

;

though some, like Heterorthis alternata (Sowerby) and its variety

retrorsistria (Davidson), appear to be characteristic Caradocian

species. The trilobites, however, are more significant ; Calymene

planimarginata appears to range throughout, as do also Homalo-
notus hisulcatus and Trinucleus concentricus ; others, though
they may perhaps be found eventually all through the Series, are

at any rate more abundant in either the lower or the higher beds.

Thus, the large Asaplnis powisi seems to be more particularly

characteristic of the lower beds, as does also a form which agrees

well with Calymene hrevicapUata Portlock ; on the other hand,

species of Chasmops, Pterygometopus juhesi, Calymene caractaci,

and Acaste aplciilata are undoubtedl}'' more abundant in the

higher beds.

Monticuliporids are abundant, similar species ranging not only

through the Series, but above and below its limits. Glyptocrimis

hasalis is everywhere a common fossil, but C3''stid-plates are more
numerous in the higher beds, although the}^ seem to attain a still

greater development in the basal beds of the Ashgillian.

Neither gastrojDods nor lamellibranchs, though locally present

in fair abundance, form any important part of the fauna.

The most satisfactory palasontological classification, therefore, is

that which groups trilobites and brachiopods together : the former

because the}'' afEord the surer guides to age, the latter because they

constitute so great a part of the fauna as a whole. On this basis

the Caradocian rocks, as developed in the Bala countrj^, may be

regarded as belonging to the Calymene-planimarginata fauna.

Other fossils that range throughout in some abundance are :

—

Trinucleus concentricus Eaton, or a

variety.

Hoynalonotns hisulcatus Salter, or a

variety.

Orthis (PlatystrophiaJ hiforata

(Schlotheim).

Orthis fHarhiessellaJ vesioertilio

(Sowerby),

Orthis calligramma Davidson,
Orthis (Dinorthis) flahellulum

(Sowerby).

Plectamhonites sericea (Sowerby).

Monticulipora fibrosa (M'Coy).

A further subdivision may be made into two sub-faunas : a lower

one characterized by the abundant presence of Asap)hus p)owisi and
Heterorthis alternata, and an upper containing Chasmops and
Orthis {Nicolella) actonice. The fossil assemblages characteristic

of these two sub-faunas are recorded in the lists on pp. 170-71.
The graptolites found are important, since they enable some definite

comparison to be made as to the relative ages of the beds in the

rocks of the * shelly 'type and ' graptolitic ' type respectively.

The typical form of Orthograptiis truncatus Lapworth has been
found in the mudstones of the Glyn-Gower Beds (Pont-yr-Onen
and Nant-Rhyd-Wen), and, so far as our present knowledge goes,

tliat fossil is highly characteristic of the zone of Dicranograptus
clingani, although towards the top of that zone and in the

succeeding zone of Pleurograptus linearis, its place is gradually

taken by the longer and thinner vai'iet}^ paiiperatus Lapwoi'th.

m2
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These two forms occur together near the top o£ the Allt-Ddu
Mudstones (south-west of Pandj-isaf), so that it appears extremely

probable that the Glvn-Gower Beds, together with the Allt-Ddu
Mudstones, may be taken to represent the shallow-water equivalents

of the zone of Z^icrano^rajytus clingani.

The general aspect of the Ashgillian fauna, as developed in the

Bala district, is widely different from that of the Caradoeian
;

though, unfortunately, only the Ehiwlas Beds at the base of that

series and the Foel-y-Ddinas Beds at the top contain fossils. The
most noticeable feature in the Rhiwlas Beds is the almost complete

disappearance of all the big brachiopods which are so numerous,

as regards both individuals and sj^ecies, at the lower horizon, those

that remain being of small size only. The trilobites and Cystids

form the greater part of the fauna, together with numerous small

ostracods, but even a casual scrutiny will reveal the fact that these

trilobites are of quite different t^^pe for the greater part from those

forms in the Caradoeian, although when the highest beds of the

Caradoeian are carefully searched a few of these forms may be

found, showing that the new fauna came in gradually. Thus,

species of Cheionirus, LicJias, Cijhele, JEncrimirus, JRemopleurides,

and Siaurocejplicdus are all highh" characteristic of the lowest

Ashgillian fauna ; and, of these, specimens of Liclias Jaxatiis,

Cyhele rugosa, and Encrimunis sexcosiatiis are not infrequently

found at the top of the Caradoeian. Should conditions in an}"

area have changed more gradually, a greater admixture of the two
faunas might be looked for.

Prof. J. E. Marr^ has divided the Ashoillian into two. the

Phillipsinella Beds below, and the Pliacops-miicronafus Beds
above, and in a limited sense his classification may be folloAved in

the Bala area. The Ehiwlas Mudstone and Limestone belong

unquestionably to the FhiUipsinelJa Beds. This PhiUi-psineUa-

farahola fauna is a very varied and highly characteristic one ; a

list of the chief fossils found belonging to it is given on p. 172.

The Foel-y-Ddinas Beds which appear to belong to the Phacops-
imicronaius Beds, on the other hand, have a most meagre fauna,

and it is probable that only a small ])ortion of the beds containing

that fauna are here represented (see list, p. 15G).

There seems to be a complete passage up from these Foel-y-

Ddinas Beds, through the Hirnant Beds, to deposits of undoubtedly

Silurian age. The Hirnant Beds contain—locally, at any rate

—

a distinct assemblage of brachiopods that may be regarded as con-

stituting the Orfliis-liirnanfensis fauna (see list, p. 157). This-

fauna seems to have been included by Prof. Marr in his Ashgillian,

as it occurs in the Ashgill Shales.

Significant, also, is the occurrence of Glypfograpius ferscidpins

in the higher beds of the Bhiwlas Mudstones (Garth Goch), this-

graptolite being usually characteristic of the zones of DiceUo-
grapiiis anceps or CepliaJograjytiis acianinatus.

1 Q. J. G. S. vol. Ixxi (1915-16) pp. 192 ei seqq.
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Notes on StropJiomena siliiriana Davidson and
Ortliis liirnantensis M'Coy.

In the Hirnant Beds of the typical locality there occur two
brachiopods about which there seems to have been considerable

confusion. The following notes are given as a contribution towards

clearing up the differences and resemblances which exist between

them. The shells are indistinguishable in fragments, for the

Fig. 10.

—

Diagrammatic sTcetcTies illustrating differences in typi-

cal forms of Orthis hirnantensis M^Coy and Strophomena
siluriana Davidson.

.Cardinal Process

a

X2.

C.P.

C.P.

a= Characteristic appearance of brachial valve in 0. liirnantensis.

b & c= Characteristic appearance of brachial valve in two types (alate and
non-alate) of Strophomena siluriana.

ornamentation of the shell appears to be almost identical in both
forms, although with a tendency to a greater coarseness in the

form here referred to Strophomena.
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The relative proportions of the two shells are markedly
different :

—

In (a) the hinge-line is not the greatest width of the shell and the length
is approximately the same as the width, which is greatest at the middle
of the shell : the angles are obtuse, the pedicle-valve is definitely but
gently convex, the brachial valve being nearly flat or very slightly

convex, and showing a distinct but single cardinal process.

The sti'ucture of the shell is very punctate in between the ribs, and
the ribbing characteristically fasciculate. The transverse striations

are very clear when the shell is well preserved.

This seems to be the true Ovtliis liivnanfensis M'Coy.

In (h) the shell is much wider than long, the hinge-line is always the
greatest width of the shell, and though at times more pronouncedly
' Avinged ' than at others, the angles of the shell are always acute.

The pedicle-valve is very slightly convex in the middle line, the

brachial valve flat or slightly concave with a bifid cardinal process.

Shell punctate and ribs fasciculate as in 0. hivnantensis, but at

times rather coarser than in that species.

This appears to be Strophomena silunana Davidson.

YII. COMPAEISOX WITH OTHEE AeEAS.

It is not very easy to compare the shelly faunas of one area

with those of another, since there is likely to he less uniformity in

the general physical conditions than in the case of those controlling

the distribution of the faunas of the deeper parts of the sea, and
hence faunas will he likely to show local jDeculiarities. Correlations

of this nature therefore can only be carried out on general lines.

The Derfel Limestone contains a fauna which has not been, up
to the present, recorded at that horizon from any other "Welsh or

English deposits ; it does, however, show a noteworthy resemblance

to the fauna of corresponding Scottish deposits of that age, as the

list given on ]). 169 clearly indicates. On the whole, it compares

best with that of the Stinchar Limestone, though in some respects,

especially as regards the trilobites, it is closer to that of the Bal-

clatchie Beds ; it would appear therefore to contain a fauna of the

Scottish rather than the AA'elsh type, which is both interesting and
important on palseontological grounds. With regard to the Cara-

docian rocks of the Bala area, they may perhaps be said to

correspond in a general way to beds of similar age in the G-lyn-

Ceiriosc area described bv G-room & Lake,^ but with certain rather

strikino' differences. The Teirw Beds of that area mav be

paralleled roughly with the Allt-Ddu Mudstones (see lists, pp. 146-

47), and to some extent also the Bryn Beds have a fauna re-

semblins: that of the Gelli-ofrin Calcareous Ash : but a noteworthy

difference in the fauna seems to be the absence in the Bryn Beds
of Ortliis (^I^icoIeUci) fl'c^<9?z2<^', invariabh' highly characteristic of

the beds at Bala (see lists, pp. 147-48). This fossil does, however,

appear to be present in the higher shales when they are not faulted

1 Q. J. G. S. vol. Ixiv (1908) p. 546.
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off : so, perhaps, if the beds were completely seen, the difference

might disappear. This seems all the more likely when the fauna

of the Dolhir Beds is studied, because it is here obvious that we
are dealing with a mixed fauna which naturally groups itself into

two, that characteristic of the Upper Caradocian containing both

species of ChasmopSy Calymene caractaci, and abundant Ortliis

{Nicolella) actonicd with two large brachiopods ; and that gene-

rally regarded as belonging to the Ashgillian, which contains

Acidaspis, species of Cheirurus and Ilemo])leurides, and small

brachiopods. Therefore, the large brachiopods which so frequently

disappear concurrently with the appearance of the Ashgillian fauna

do not do so in this Grlyn-Ceiriog area, remaining and occurring

side by side with the smaller characteristic Ashgillian tj^pes

—

Ortliis crispa, Stropliomena corrugatella, and Bilohites hiloba.

Nevertheless, the incoming of new types in abundance, despite

the absence of Phillipsinella parabola^ justifies Groom & Lake
in their contention that the beds are of Ashgillian age. The
Caradocian beds of Bala perhaps find their nearest analogues in the

Shropshire deposits of that age ; as the lists given on p. 171 indi-

cate, the fauna of the Soudley Sandstones and lower part of the

Cheney-Longville Flags clearl}^ belongs to the Asaphus-poioisi

and Ortliis {Seterorthis^-alternata fauna, and unquestionably is

closely related to that of the AUt-Ddu Mudstones. Moreover, the

Hai-nage Shales which occur below the Soudley Sandstones contain

Ortliograptus truncaiiis Lapworth, so that they too afford confir-

matory evidence of age as being referable also to the horizon of

the zone of Dicranograptus clingani. Whether the still lower

Hoar-Edge Beds should be paralleled with the Glyn-Gower Beds,

or whether these last should be grouped with the Allt-Ddu Mud-
stones and correlated with the higher beds, there is not sufficient

evidence to show.

The upper part of the Cheney-Longville Beds and Acton-Scott

Beds, on the other hand, with their abundant Cliasmops and Orthis

(^Nicolella) actonicd, may readil}'- be correlated with the Grelli-grin

Calcareous Ash (see list, p. 170).

Turning to the Lake District, I think it is clear that a certain

amount of parallelism exists between the beds of certain areas and
those of Bala, although the parallelism must not be pressed too

closely. The beds that Prof. Marr has described ^ as the Calymene-
Beds beneath the Ashgillian Series, in the area west of Coniston

Lake, are doubtless the faunal equivalents of the Gelli-grin Cal-

careous Ash, and the occasional specimens of the higher fauna may
be noted as parallel with similar occurrences in Wales.

The Ashgillian rocks of the area are also comparable on palseon-

tological grounds with those at Bala ; thus the Phillipsin ella-

Beds of Marr contain a fauna which bears a striking general resem-

blance to that of the Rhiwlas Limestone and Mudstones (see list,

^ Q. J. G. S. vol. Ixxi (1915-16) p. 191.
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p. 172). Phillipsinella parahola appears to be both generically

and specifically a characteristic Ashgillian form, although many
other trilobites more characteristic of the fauna have a much
longer range in time. Here it may be noted that the general

faunal lists of the beds belonging to this horizon are often rather

misleading, for the}'" do not bring out the degree of resemblance

that undoubtedl}^ exists, since species are apt to be different in

widely separated areas and thus the strong generic resemblance is

often obscured. The essential distinction between the Caradocian

xind the Ashgillian faunas as found over the greater part of Wales
and the Lake District lies in the genera rather than in the

species of trilobites ; the species, however, are all-important in

discriminating between the Ashgillian fauna proper and the earl}'-

faunas of Ashgillian type, although indeed some forms are common
throughout.

Thus, two widely-separated areas, both containing abundant
Phillipsinella parabola, and therefore presumably of Ashgillian

age, may yield many Cheirurids, Lichads, and Reraopleurids, and
yet have no species of these genera in common. Consequently,

the attempt to show the relationshiiD that probably exists between
the faunas of the Rhiwlas Limestone and Mudstones and those

of the Phillipsinella Beds of the Cautley area, the area west of

Coniston Lake, the Keighley Limestone, the Chair-of-Kildare

Limestone, and the Sholeshook Limestone in South Wales cannot

be regarded as satisfactory (p. 172) : there is, in reality, a greater

resemblance than these lists indicate.

The Foel-y-Ddinas Beds of Bala represent part, at any rate, of

Marr's Phacops-mucronatus Beds, although the fauna is very

meagrely represented (see p. 156). Marr's Ashgill Shales, on the

other hand, contain a fauna which recalls strikingl}^ that of the

Hirnant Beds, and, if the two belong really to the same horizon, the

question of the upper limit of the Ashgillian Series seems to be

involved. The section as seen at Cwm-Hirnant is, in my opinion,

strongly suggestive of the Lower Llandovery age of the Hirnant
Beds, as otherwise the whole of the Llandovery Series inust be

comprised within 150 feet of rock—not impossible in an area of

deep-water deposition, but hardly likely in a district where shallow-

water deposits occur so abundantly in such close proximity.

The sections at Conway ^ would confirm this view.

In conclusion, I would offer my grateful thanks to the many
members (past and present) of the Cambridge University Sedgwick
Club, who have helped me during the progress of this work, more
particularly my pupils Miss H. Drew, Miss A. B. Dale, Miss

E. W. G-ardner, Mrs. J. Eomanes, and Miss M. E. J. Chandler,

and Mr. W. B. E. King and Mr. T. C. Nicholas.

To Prof. Marr I am much indebted for consultation in matters

relating to the Ashgillian as a whole, and for permitting me to

refer to his collections from the Lake District.

1 G. L. EUes, Q. J. G. S. vol. Ixv (1909) p. 169.
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VIII. Faunal Lists.

Derfel Limestone.

c=common ; r=rare.

pq

5

he

+
+

Licha s laxatus M'Coy. c

Ci/bele verrucosa {Dalm^n). c

Oi/bele rugosa (Fortlock). c

Illcenus balelatchiensis Reed. c

Acidaspis liysterix Wj'ville Thomson. r

HaryesflanaganiYoxXXocV. r

Trinucleus f^j). c

Orthis (Flatystro'plna) hiforata (Schlotlieim). c

Orthis (Nicolella) actonice (Sowerby). c

Orthis (Nicolella?) alata (Sowerby). v

Orthis (Sehertella) crt'spa (M'Coy). r

Orthis (Dalmanella) testtodinaria var. gracilis

Reed. r

Orthis (Dalmanella) girvanensis (Da,vidson). r...

Orthis piayfair il^eed. c

Orthis (Seterorthis) confinis Qaltev ? c

Skenidiuin lewisi var. craigense^eed. r

Triplecia craigensis Reed. r

Cliftonia andersoni Reed. c

Clitamhonites cf. ascendens Pander. r

Leptcena rhomhoidalis Wilckens. c

JRafinesquina expansa var. c

JRafinesquina subarachnoidea Reed. c

Stropheodonta corrugatella (Davidson). r

Flectambonites Uandeiloensis (Davidson). c

Flectamhonites sericea var. semirugata Reed. c...

Numerous Eryozoa, and a few Crinoid-stems
and Cystid-plates.

+

+
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CJiasmops & Nicolella-actonice Fauna.

Gel li-G rill Calcareovis Ashes.

C=veiy common ; c— common; r— rare.

, o aj

O ~ c«

CD <- -2

O g "2
Sj O

3"

Orthis (Nicolella) actonice {^owevhy)
Orthis (Flatystropliia) biforata (Schlotheim) ...

Orthis s.s. calligi'amma Dalman
Orthis (Sehertella) crispa (M'Co.y) ,

Orthis (Dalmanella) elegantula {Dsihtiia'x)

Orthis (DinorthisJ Jlabellulum (Sowerhy) ,

Orthis (Flectorthis) plicata (Sovverby )

Orth is (Flcesiomys) porcata (Sowerby )

Orthis (Dalmanella) testudinaria (Dalman)
Orth is unguis Sowerby
Orthis (FLarTcnessella) vespertilio (Sowerby)
Flectamhonites quinquecostata (M'Coy)
Flectamhonites rhomhica (Davidson)
Flectamhonites sericea (Sowerby)
Flectamhonites transversalis (Wahl)
Triplecia (Gliftonia) spiriferoides {M.'Coy)

Leptcena rhomhoidalis Wilckens
Strophomena (Fafinesquina) expansa (Sowex'by)

Stropheodonta corrugatella (Davidson) ,.

Lingida ovata Sowerb^''

Calymene caractaci Salter

Calymene planimarginata Reed
CJiasmops conicophthalmus (Bcecli)

Chasmops macrura (Sjogren)

Homalonotus hisulcatus Salter

Illcenus hotomanni Salter

Phacops (Acaste) apiculata (Salter)

Fterygometopus Jtikesi (Salter)

Trinucleus concentricus Eaton
Trinucleus gihhifrons M'Coy

Feyrichia (Tetradella) complicata (M'Co}^
Lindstrcemia suhduplicata (NL^Coy)

Salysites catenularia Linnaeus
Monticulipora lens (M'Coy)
Monticulipora lycoperdon (Say)

3Ionticuliporafibrosa (M'Coy)
Ftilodictya
Conularia soiverhyi M'Coy
Glyptocrinus hasalis M'Coy
Cystid-plates

Local assemblages of gasteropods and lamellibranchs.

There are also certain 'forerunners' of the Ashgillian

beds, of fairly common occurrence in different

localities, though as a rule not abundant : such as
• JE7icrinurus sexcostatus, Lichas laxatus, Cyhele
verrucosa, and Agnostus agnostiformis

.
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AsaphuS'potuisi & Seterorthis-alternata Fauna.

Glyn-Gower Sandstones and
Allt-Ddu Mudstones.

C=ver3- common; c= common; i-=rare.

Ortliis (Seterorthis) alternata (Sowerhy)
var. retrorsistria (Davidson)

OrtJiis (s.s.) callifframma Dalraan
Orthis (JJalmanella) elegantula (Dalraan) vai*. ...

Orthis (Dinortliis) flahelhduvi Sowerby
Orthis (Plectorth is) plicata (Sowerby)
Orthis (Pl(esiomys) porcata (Sowerby)
Orthis (Dalmanella) testndinaria (Dalman)
Orthis (HarTcnessella) vespertilio (Sowerby)
Plectambonites sericea (Sowerby)
Plectambonites transversalis (Dalman)
Triplecia (Cliftonia) spiriferoides (M.'Coy)
Lepfeena rhomboidalis Wilckens
Strophomena (Pajinesquina) expansa (Sowerby)
Strophomena (Pajinesquina) grandis {^owexhy) ...

.

Lingula ovata Sowerby
Asaphns powisi Salter

Calymene caractaci Salter

Ca lymene hrevicapitata Portlock
Calymene planimarginata Reed
JEncrinurus muUisegmentatus (Portlock)
Trinucleus concentricus type
Soma lonotus bisulcattis (Salter)

Tetradella complicata (M'Coy)
MonticuUpora lens (M'Coy)
Monticidiporafibrosa (M'Coy)
Olyptocrinus basalts M'Coy
Opliiurids

JBellerophon (Sinuites) bilobatus (Sowerby)
Cyclonema crebristria (M'Coy)
Lophospira gyrogonia (M'Coy)
Murchisonia cf. simplex (M'Coy)

Bala.
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N. Wales

Fhillipsinella-parahola Fauna.

R h i w 1 a s Limestone and M u d s t o n e s

C= very common : c= common ; r= rare.

Agnostiis agnostiformis (M'Co}')

Asaphns radiatus Salter

Ampyx turn id us Salter

Calymene bhimeubachii Brongniart
Cheirurus bimiicronatus (Murcliison)

Cheirnrns gelasinosv.s (Portlock)

Cheirurus juvenis (Salter)

Cheirurus octolohatus (M'Coy)
Cyheleloveni (Linnarssou)
Cyhele rugosa (Portlock)

Cyhele verrucosa (Dalman)
Dindymene cordai Etheridge & Xicliolson

Uncrinurus sexcostatus (Saltei*

Mncrinurtis multisegmentatus (Portlock)

Illfenus howmanni Salter

lUcenus davisi Salter

Lichas laxatus M'Co}^
Lichas cf. bulbiceps Heed
JBhiUipsinella parabola Barrande
Remopleurides colbii Portlock
JRemopIetirides radians Barrande
Sphcerexochus inirus Bej'ricli

Staurocephahi.s murchisoni Barrande
TrinucJeus seticornis Hisinger
Trinucleus bucJdandi Barrande
Tlumnlites peachi (Etheridge & Nicliolson) .

Caryocysfites davisi (M'Coy)
Caryocystites granulatus Forbes
EchinosphcBrites arachnoideus Forbes
Seinicosmifes rugatus Forbes
Sphceronecfes munittis Forbes
Sphceronectes pyriforinis Forbes
Sphceronectes punctatus Forbes
Orthis (Bilohitesj biloba (Linnarsson)
Orthis s.s. calligramma var

Orthis (SebertellaJ crispa (M'Co}')

Orthis (DaJrnaneUa) elegantuJa var. drum-
mucketisis Reed

Orthis (Dalmanella) elegantula var.

Christiania tenuicincta (M'Coy)
SyatteJla portlocJciana (Davidson)
Skenidium leicisi (Davidson)
Flectambonites quinquecostata (M'Coy)
Stropheodonta eorrugatella (Davidson)
Orthoceras vagans Salter

JSoIopea coiicinna M'Co}'

Many small ostracods and a few larger forms
abundant. Also some ' survivors ' from tlie

Chasinops Fauna, though these are usually
A'ery rare : namely, Chasmops sp., Acaste
apiculata, JPlatystrophia biforata, and
UTicolella actonice..
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EXPLANATION OF PLATE 11.

Geological map of the country east and south-east of Bala Lake, on the

scale of 4 inches to the mile, or 1 : 15,840.

Discussioi^.

Prof. 0. T. Jones congratulated the Author on the completion

of an extremely interesting research upon a complicated district,

one which, as was known from his writings, drove so accomplished

a geologist as Jukes almost to despair.

The paper raised many interesting questions, both of the nomen-
clature and structure, and particularly furnished information as to

the relation of the Llandeilo and Bala formations. The discovery

of the JSfemagraiJtus-gracilis fauna in the Derfel Limestone, asso-

ciated with brachiopods similar to those in the Stinchar Limestone,

was extremely interesting.

In Sedgwick's final classification the base of the Bala was drawn
at the base of the strata overlying the ' porphyries ' of Arenig.

The relation of these ' porphyries ' to the Llandeilo formation of

South Wales was unknown. In South Wales it has been shown
that the Nemagraptus fauna overlies directly everything that can

be assigned by definition to the Llandeilo formation, and it was
satisfactory^ therefore, to find from the Author's new evidence that

the line proposed by Sedgwick for the base of the Bala in North
Wales coincided with the line that was adopted by the Greological

Survey in South Wales by direct reference to the Llandeilo forma-

tion. It further became clear that the terms ' Llandeilo ' and
'Bala ' bore very little relation to Llandeilian and Caradocian.

He did not quite understand the Author's caution about regarding

a fauna of Ashgillian type in South Wales and elsewhere as neces-

sarily indicating Ashgillian age. The Rhiwlas Limestone of North
Wales, with its Phillipsinella-paraiola fauna, coincided precisely

Avith the beds which were taken to mark the base of the Ashgillian

in South Wales ; and the numerous brachiopods from rocks of Ash-
gillian age, which the speaker had examined from various localities

in North Wales, agreed closely with those of the corresponding

rocks in South Wales.

The position of the Hirnant Limestone apparently still remained
unsatisfactory. The striped shales which succeeded it appeared to

correlate with the Birkhill Shales farther south, where, however,

they were thicker than at Hirnant, and it was also rather sur-

prising that they yielded no graptolites, considering their extremely
fossilit'erous character farther south.

He enquired whether there was a possibility that some part of

the sequence was cut out by strike-faulting, in view of the existence

of several faults of this type ranging towards the area from the

south. He also asked whether there was any direct evidence of

great lateral movements along the line of the Bala Fault itself, as

seemed to be the case in the neighbourhood of Talyllyn, on what
was apparently the continuation of the same fault.
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Dr. A. Wade said that perhaps some observations made by
himself might help a Kttle towards the solution of the problem of

the Hii'nant Limestone in the area dealt ^vith in this valuable

paper. On the eastern side of the Welshpool area the base of the

Llandovery was. as a rule, a massive conglomei*ate, sometimes cal-

careous and containing Pentamerus. On the north-western flank

the conglomerate was still present, bat tended to pass into finer

sandstones, and in places thinned out altogether. It was, however,

represented by large blocks of limestone, lenticular and non-con-

tinuous, which seemed to contain great quantities of Ortliis and
similar brachiopods, and practically no JPentamerus. The Llan-

dovery here lay unconformably on the L^pper Ordovician rocks, so

that the position of the beds was fairly easily determined. Such
changes apparently took place in these rocks in the area now
described, and possibly such a change accounted for the difficulties

in connexion with the Hirnant Limestone.

Mr. A. K. Wells stated that, as one of the younger workers in

Xorth Wales, he wished to add his congratulations and thanks to

the Author for her very lucid account of the geology of what was
well known to be one of the most difficult areas in that region.

He was particularly interested in the discovery of a fossiliferous

band in the series of monotonous mudstones that succeed the

highest volcanic rocks in the Ai*enig district—a discovery that

would go far towards proving the relative age of these lavas. The
fauna seemed to be very similar to that found immediately above

the volcanic rocks at Llanwrtyd Wells by the s])eaker's colleague,

Mr. L. D. Stamp. Here, however, the same graptolites were

discovered in another shale-band within the volcanic rocks. The
speaker, working in the Ehobell-Fawi' district, a few miles west

of Bala, had found similar shales containing; graptolites, which,

though poorly preserved, would probably prove to be from the same
horizon.

Mr. C. B. Wedd wished to associate himself with earlier

speakers in congratulating the Author on her completion and
lucid presentation of a most valuable piece of work. He felt that

the structural details were too complex to discuss o:ffhand, and
asked whether the Author could give further information as to the

effect of the movements upon direction and hade of cleavage.

Dr. C. A. Matley also cono:ratulated the Author, and enquired

whether she had found in the Bala area, at or near the horizon of

the Dei-fel Limestone, any representative of the oolitic ironstone

which occurred in the Olenkiln Beds of Anglesey and Carnarvon-

shire.

Prof. W. W. Watts congratulated the Author on her courage

in tackling so difficult a district. He referred to the interesting

point brought out in the paper that the Dei-fel Limestone yielded

the • exotic ' fauna, which the Author had particularized in the

Stinchar Limestone and elsewhere. He hoped that the time was
coming when it would be possible to use only palaeontoiogical
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time-horizons, and that the innumerable, and often cacophonous,

local horizon-names would be dropped.

The Author, in reply, thanked the Fellows for their generous

reception of her paper. In answer to Prof. Jones, she stated that,

with regard to the boundary between the Llandeilian and the Cara-

docian, she based her position on the palaeontological aspect of the

question. She regarded the rocks of the ' shelly ' facies of the

Welsh Ordovician as belonging to different faunas—the Ogygia-

selivyni fauna, the Placo])aria fauna, the Ogygia-huclii fauna,

the Calymene-planimarginata fauna, the JPhillipsinella-parahola

fauna, and the PJiacops-muc7''onatios fauna ; and, so long as beds

contained the same Ogygia-huclii fauna as those of the Llandeilo

area, she considered them Llandeilian in age. The beds with the

Nemagraptus-gracilis fauna, and even slightly higher graptolitic

horizons, were associated with the Ogygia-huclii fauna in the

Builth area, and were, therefore, in her opinion, of Llandeilian

age.

With regard to the calcareous development of the Grelli-grin

Calcareous Ashes and the Rhiwlas Beds being usually separate as

in South Wales, that was not the case invariably in the Bala
country, since both occurred superposed at Bryn-pig.

She had looked for evidence of faulting at Cwm Hirnant, but

could find none ; the beds were steeply inclined, yet along the old

adits there seemed to he a perfectly continuous section from the

Hirnant Beds to the shales with 3Ionograptus crispus.

There certainly was evidence in the area north-west of Bala Lake
of movements similar to those on the south-eastern side ; these

appear to be related to a major thrust running at or near the

junction of the Dicranograptus Shales with the volcanic rocks.

She regarded the entire country as being thrust above the volcanic

series as a whole.

In answer to Mr. Wedd, she stated that, while the cleavage in

the southern part of the area was inclined steeply east-south-

eastwards, when the effects of the east-and-west movement made
themselves felt in the northern part of the district, a second

cleavage seemed to be developed, the exact direction of which she

had not determined.

She was in complete agreement with Prof. Watts in regard to

the growth of all these local names, which, however, were certainly

useful for local reference, but suggested the adoption of the

palaeontological classification of wide application for all other

purposes.
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4. The LowEE Paljeozoic Eocks of the LLAifooLLEif Disteict,

ivith special reference to the Tectonics. By Leonaed
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I. Inteoduction.

The area dealt with in the following pages forms the western half

of the 1-inch Ordnance Surve}^ Map, New Series, Sheet 121, with
small contiguous strips in Sheets 120 & 137. It was mapped by
us in the course of official work for the G-eological Surv^ey, in

1912 & 1913. The memoir on Sheet 121 is in preparation ; but
both it and the map which it accompanies have been greatly

delayed b}^ the War. This applies even more emphatically to

Sheet 137. In the projected memoir on Sheet 121, special

attention will be devoted to the Wrexham-Ruabon Coalfield.

In preimring the present paper, we have been influenced by a

desire to publish in a concise form^ an account of the older rocks

Avhich are more of theoretical than economic importance. We
have attempted to describe the district as a geological unit, whereas

the Survej^ Memoir must be primarily an explanation of the maj)

and of the evidence on which it is based.

We are, therefore, greatly indebted to the Director of H.M.
G-eological Survey for permission to publish the following account,

which is divisible into two parts. In the first, we aim at stating

new facts and important modifications of the hitherto accepted

ideas of the stratigraphical sequence, without traversing in detail

the work of previous investigators where their conclusions have

been confirmed by us. In the second part, we give a fuller

description of the tectonics than the space available in the official

Memoir would allow.

Our sincere thanks are due to Mr. C. B. Wedd and Mr. W. B. R.

King for help and friendly criticism, and to Miss Gr. L. Elles,

^ TJie arbitrary limits of the map-sheets are not those of a natural geological

region. Accordingly, important parts of the sequence, because they happen
to lie in one sheet, have to be omitted in the official description of the other.
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Prof. O. T. Jones, Mr. Philip Lake, and Mr. John Pringle for the

determination of fossils—a difficult task with material so distorted

by cleavage. To Dr. H. H. Thomas we are greatly indebted for

his examination of some of the more difficult rock-types.

II. Historical Summary.

Pending the publication of the new Greological Survey map,
upon which the map (PI. V) is based, the reader is referred to the

Old Series map, Sheets 74 N.E., N.W., & S.E., in which the major
features of the structure are well displayed. This, it is believed,

was largely the work of T. W. Aveline and J. B. Jukes.

More recent research has been confined, with few exceptions, to

the southern part of the area, that is, between the Dee Valley and
the Berwyns.

Our present knowledge of the succession is largely due to the

work of Dr. T. T. Groom & Mr. P. Lake,^ whose paper on Grlyn

Ceiriog contains a full bibliography.

The zonal classification of the Salopian was described, in the

case of the Wenlock by Miss O. L. Elles,^ and in the case of the

Lower Ludlow Series by Dame Ethel Shakespear (nee Wood).^
The igneous rocks of the Berwyns have been redescribed in a

posthumous paper by T. H. Cope."^

North of the Dee the geology of the Lower Palaeozoic rocks has

been barely touched, although reference may be made to early

work by the late Prof. T. McK. Hughes ^ and to the maps made
by Sir Aubrey Strahan ^ ; also to his description of the area lying

north of Llandegla. The work of Gr. H. Morton was confined to

the Carboniferous rocks.

During the recent survey, brief notices were published in the
' Summary of Progress ' of the Geological Survey for the years

1911, 1912, & 1913. One of us has also given a sketch of the

geology of the Llangollen district.^

^ T. T. Groom & P. Lake, ' The Llandovery & Associated Eocks of the

Neighbourhood of Corwen' Q. J. G. S. vol. xlix (1893) pp. 426-39 ; T. T.

Groom & P. Lake, ' The Bala & Llandovery Rocks of Glyn Ceiriog ' ibid.

vol. Ixiv (1908) pp. 546-95 ; and P. Lake, ' The Denbighshire Series of South
Denbighshire' ibid. vol. li (1895) pp. 9-22.

2 ' The Zonal Classification of the Wenlock Shales of the Welsh Border-

land ' Q. J. G. S. vol. Ivi (1900) pp. 370-413.
^ ' The Lower Ludlow Formation & its Graptolite-Fauna ' ibid. pp. 415-91.
"* ' On the Igneous & Pyroclastic Rocks of the Berwyn Hills ' Cope

Memorial Vol. Proc. Liverpool Geol. Soc. 1915.
= Q. J. G. S. vol. xxxiii (1877) p. 207.
^ ' The Geology of the Neighbourhoods of Flint, Mold, & Ruthin ' Mem.

Geol. Surv. 1890, pp. 4-6.

7 L. J. Wills, ' The Geology of the Llangollen District ' Proc. Geol. Assoc,

vol. xxxi (1920) pp. 1-15.

Q. J. G. S. No. 310. N
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III. Steatigeaphy.

(A) General Considerations.

The southern part of Denbighshire and the adjoining portion of

Merionethshire, described in this communication, form a rather

flat-topped upland, deeply dissected in the south-east bv the Dee,

Fig. 1.

—

Outline-map showing the chief tectonic features of
the Llangollen district.

INDEX

Silurian

Ordovician

Carboniferous
^ and Trias

the Ceii'iog, and their tributaries. A depression runs north-

eastwards from Corwen across the upland, along the line of the

Brjneglwys Fault.^ The drainage from this flows in part to the

Dee and in part to the Alyn. In the northern part of the area

^ Sometimes known as part of the Bala Fault, see p. 219.
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the Vale of Clwyd forms a great sunken grab en nosing south-

wards into the upland.

The chief structural units of the district are shown in the out-

line-map (fig. 1), and the general arrangement of the formations

in the map forming PL V.

(B) Ordovician.—The Bala Formation.

In the three anticlinal areas : namely, the Berwyns, Cyrn-y-

Brain, and Mynydd-Cricor, rocks referable to the Ashgillian Series

of the Bala Formation are found, while in the Berwyns the under-

lying Caradocian Series also comes to the surface.

The sequence of the complete Bala Formation in the Glyn-
Ceiriog district at the eastern end, and in the Moel-Fferna district

at the western end, of the Berwyn outcrop is set out in Table I,

pp. 180-81. The Ashgillian development of the Bala in the two
northern anticlines is also shown.

Where it has been found practicable, the names instituted by
Dr. Grroom & Mr. Lake (op. cit. 1908) have been adopted ; but it

was found, on mapping still farther Avest, that their ' Graptolitic

Slates ' embraced two different formations of importance, to which
the names ' Blaen-y-cwm Beds ' and ' Ty'n-y-t\vmpath Beds ' have
been assigned.

Caradocian Series.

(1 & 2) Teirw Beds and Cwm-Clwyd Ash.—In considering

the Caradocian Series in the Northern Berwyns, it is unnecessary

to redescribe the Teirw Beds in the Glyn area, so fully are they

dealt with by Dr. Groom & Mr. Lake ; but farther west appears a

thick ash-band which, on the Old Series map, was correlated with

the Pandy Ash. It lies, howevei", in the middle of the Teirw Beds
and may be called the Swch -Gorge Ash, since it is best exposed

in the gorge of the Ceiriog near Swch-cae-rhiw.

The following is the sequence here :

—

r Pen-y-graig Ash.

Bryn Beds. < Fossiliferous mudstones.

I Pandy Ash, seen at the top of the gorge.

fMudstones and sandstones, with two thin ashes or agglo-

{

merates.

Teirw Bed s.<{ Swch-Gorge Ash in two bands, the lower containing rolled

I pebbles of hard shale.
1

i^Sandstones and sandy shales, with a thin ash-band.

Cwm-clwyd Ash in two bands.

The age of the Teirw Beds is in doubt, because they appear to

contain a fauna intermediate between Llandeilian and Caradocian,

a fact hinted at by Dr. Groom & Mr. Lake {op. cif. 1908, pp. 589-

90). To the foi'ms enumerated by them {ibid. p. 559) we can

n2
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Table I.

The Bala Formation.

Glyn-Ceiriog
District.

Moel-Fferna
District.

Cyrn-y-Brain and
Mynydd-Cricor

.

8. GlynGrvit. CorwenGrrit. Plas-uchaf Gr it

.

(6) Massive, fine-grained, Massive, fine-grained. Massive ashy grit, and
uncleaved grit. uncleaved grit. on Cricor platy grits

and shales.

(a) Thinly-bedded fossili-

ferous grit or sand-

stone, locally inter-

bedded with platy

limestones.

7. DolhirBeds.

(6) Ver}^ fossiliferous,

cleaved, micaceous
shales, with some cal-

careous bands.

Chasmops macroura,
Sarpes dorani,Sjphce-

rocoryphe thomsoni,
Phacops hrongniarti,

Trinucleus seticor-

7. Dolhir Lime-
stone.

(a) Limestone containing

corals, interbedded

with shales.

Absent, ? by faulting.

Dolhir Beds.

(6) Cleaved shales,

usually less fossili-

ferous and more
sandy than at Glyn.

As near Gljai, but with
Meristina crassa
near the top.

T y ' n - V - 1 w m p a t h
JBeds.

(a) Compact, grej--,

cleaved shale, some-
times speckled. Few
fossils, except locally.

Agnostus agnosti-

formis, Trinucleus
seticornis, Phillip-

sinella parabola,
Phacops truncato-
caudatus.

Blaen-y-cwm
Beds.

Dark-blue or black

graptolitic mud-
stones, poorlj^ cleaved.

? Zone of Diplograp'
tus pristis.

Cyrn-y-Brain
Beds.i

[b) Tough, ashy, cleav-

ed grey \vf. eke shales

and sandstones, and
one thin fossiliferous

ash-band, on soft,

micaceous, very fos-

siliferous sandstone.

Calymene senaria,

Phacops brongniarti,
Chasmops macroura,
Meristina crassa,

Orthis hirnantensis,

Clitambonites ascen-

dens.

1 Not to be confused with the Gwern-3'-brain Group in the Welshpool district,

described by Dr. A. Wade, Q. J. G. S. vol. Ixvii (1911) p. 422.
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r 5.

Table T (cont.).

P e n - y - g r a i g Ash. P e n - 3-^ - g r a i g Ash?
Thin keratophyric ash, Not observed west of

only found
tervals.

at in- Tomen-jf-bwlch.

Dark-blue slates.

3.

B r y n B e d s .

Dark-blue slates and
argillaceous, siliceous,

and ashy sandstones,

thin ashes and con-

glomerates.

Sills of lime-bos-

tonite in places.

Homalonotus bisulca-

tus, Trinucleus con-

centricus, Orthis
eleganttda (largo),

Fhacops apiculatus.

PandyAsh. PandyAsh,
Agglomeratic, coarse and fine-grained kerato-

phyric tuff, with occasional blocks of kerato-

phyre. Very variable in thickness.

2. T e i r w Beds.

(b) Rather unfossiliferous

slates and thin, often

uncleaved sandstones,

with some thin bauds
of ash.

Teirw Beds.

Practicallj' unfossili-

ferous shales and
sandstones, with a

thick double band of

ash incoi'porating

pebbles of shale, ir.

the middle of the
series (Swch - Gorge
Ash).

(a) Massive sandstones
with Glyptograptus
teretiusculus and
Calymene (?) plani-
marginata, Asaphus
poivisi, Trinucleus
concentricus.

1. Cwm-clwyd Ash. Cwm-clwyd Ash.

Massive and well-bedded, almost platy kerato-

phyric ash, coarse or fine in grain.
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add Calymene lilanimarcjinaia (/) Reed, Ortliis {Platystropliia^

hiforata Schlotheim, OrtJiis {I>almanella)Q,l. testudinaria Dsi\Yna.n,

Cryptograptiis of. scliciferi Lapworth, and Diplograptus {Glypto-

yrcq)tus) teretuisculus (Hisinger).

The graptolites were found by Mr. W. B. E,. King in the lower

part of the series near Pandy, and in Miss EUes's opinion suggest

a Llandeihan age—possibly even the zone of T>iplo(jra2')tu8 iere-

tiusGuhis. On the other hand, the JPlectamhonifes sericea from
slightly higher beds is pronounced by Prof. 0. T. Jones to be

simila]' to the Soudlej^-Sandstone form of this species.

Until further evidence of the exact age is forthcoming, the

Cwm-cluyd Ash at the bottom of the Teirw Beds, in that it occurs

on the south as well as on the north of the Berwyn Anticline,

forms the most convenient base to the Bala Series in this district.

(8) The Pandy Ash.—The Pandy Ash, although variable in

thickness, forms a useful horizon for mapping. It contains frag-

ments of keratophyre in its coarser parts, and forms the highest

ash at the Falls of the Ceiriog, where it was formerly regarded as

the 'Little Ash' of Jukes (that is, perhaps, the Pen-j'-'graig Ash).

(4 & 5) Brjm Beds and Pen-j^-graig Ash.—As pointed out

by Dr. Grrooin & Mr. Lake, the Brjai Beds vary considerabl}'" in

thickness and composition from east to west. From place to place,

the rocks are penetrated by sills of lime-bostonite, the best-known
example being the Coed-y-glyn Sill near G-lyn-Ceiriog. The base

of the Bryn Beds overlies the Pandy Ash. On the west of the

Grljai valle}'', at least as far west as Tomen-y-bwlch (1^ miles west-

south-west of Nantyr), and possibly farther, under the cover of

peat, theu' summit is at several places proved to be defined by the
' Pen-y-graig Ash ' of Groom & Lake. This is a thin, usually

sheared, keratophyric ash, which is, perhaps, impersistent between
the known limits of its outcrops. Throughout the western region,

the Bryn Beds are rather uniformly dark-blue sandy mudstones or

sandstones, often yielding abundant fossils.

East of the Grlyn Yalley the upper part of the group is, in the

main, similar in litholog}^, but is underlain by a series of shales

containing numerous bands of felspathic sandstone, which increases

the total thickness of the Bryn Beds very considerably (see

Table II, p. 189, & fig. 3, p. 185)"; The Pen-j^-graig Ash is,''in our

opinion, absent in this region. In adopting this view we differ from
Dr. Groom & Mr. Lake, for they regarded an ash which occurs

above a massive sandstone at Brj^n (in Nant-Iorwerth, south-east

of Glyn-Ceiriog) as the Pen-y-graig Ash. The ash at Bryn,
however, does not form the top of the Bryn Beds here, nor does it

closely resemble the Pen-3^-graig Ash. In our opinion, the

following sequence can be established for the Bryn Beds near Bryn
(see fig. 2, p. 184). It is of interest, as providing evidence of local

contemporaneous movements.



part 2] PALAEOZOIC eocks of the llangollen district. 183

Sequence in the Bryn Beds near Br3^n.

Thickness in feet.

6. Blue sandy mudstones with fossils about 70

5. Subangular conglomerate, or breccia, in parts becoming a
felspathic ash 2|-

4. Blue sandy mudstones containing Orthis elegantula 2^ to 3

3. Coarse felspathic ash, calcareous in part, passing in its

centre into an agglomerate of compact shale-fragments.

The top of the ash contains 0. elegantula, and the bottom
locally is an extremely fine-grained tuff 2^

2. Massive felspathic sandstones with abundant fossils locally,

and some thin bands of shale. (Bryn Sandstone.) 30
F. Fault, downthrow to the north-east.

1. Cleaved shales, with thin bands of felspathic sandstone ... 350 to 400
Pandy Ash.

The conglomerate (5) has not been observed in situ elsewhere;

but blocks of a rock similar to the agglomerate in 3, built into

a wall on the roadside, 200 yards south of Pant (half a mile west

of Bryn), were probably quarried near there.

The lower conglomerate contains pebbles of keratophyric ash,

similar to the Pandy Ash, and also pebbles of a curious micaceous

and ^&L'^T siliceous rock, which forms part of the Bryn Beds them-
selves. It crops out about 470 yards south-east of Pant and also

at Ty-nant (on the Oswestry road, half a mile south-east of Brjm).

It was here mistaken for an outcrop of the Coed-y-glyn Sill by
Grroom & Lake ; microscopic examination, however, shows it to be

a clastic rock, very fine-grained in part, but clearly resembling an
ash in its coarser portions.

The presence of these pebbles in the conglomerate at Bryn seems

to prove that the rocks near here were sufficiently uplifted during

the formation of the Bryn Beds for erosion to reach even the

Pandy Ash at the base of the group. Thus it appears that the

upward tendency of the Berwyn Dome was in evidence even at

that early date.

(6) Blaen-y-cwm Beds.—These are black graptolitic mud-
stones, in which the fossils are poorly preserved. They take their

name from a farm near Nantyr, where they are well exposed.

From their easternmost exposure near G-elli (1| miles south-

west of Griyn-Ceiriog) they can be traced as far Avest as the

mapping has been undertaken. In this region they overlie the

Pen-y-graig Ash wherever it has been proved. The beds disappear

east of Grelli. the Dolhir Beds resting directly upon the Bryn Beds
(fig. 8, p. 185). _
The zonal position of the Blaen-y-cwm Mudstones is still a

matter of doubt, on account of the unreliable evidence afforded by
the badly-distorted graptolites. Miss G-. L. Elles, to whom the

fossils were submitted, thought that the following forms were

represented :

—

Dicellograptiis sp., Dicranograptics tardivscidus

Elles & Wood, Di2jloq7^apfi(s (OrtJioqraptvs) caJcaratus Lapworth
var. acutus Elles & Wood, D. (O.) caharatiis, var. vulgatiis



Fig. 2. -Plan and section (A-B) of the Sryn locality.

6 = Sandy fossiliferous shales

(Bryn type).

5 = Angular conglomerate.

4 = Sandy fossiliferous shale.

3 = Ash. passing locally into agglo-

merate.

2 = Bryn Sandstone, massive and
fossiliferous.

1 = Beds below the Bryn sandstone,

consisting of shales and thin

ashy sandstones.
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Elles & Wood, D. {Mesograptus) multidens Elles & Wood,
T>. {AmpJexograptus) perexcavahis (?) Lapworth, D. ( Glypfo-

graptus) teretiuscuhis (Hisinger), D. (G.) teretiusculus var.

eughjp Inis Lapworth

.

Dr. Groom & Mr. Lake further record Dicellograptus eJegans

Carruthers. This latter form sug-gests a horizon about the zone of

Pleurograp)fiis linearis, which would agree with the position of the

rocks above the Brjn Beds that show a typical Caradocian fauna.

The other identifications suggest a much lower horizon, possibly

even in the Llandeilo, which goes counter to all the stratigraphical

relations that can be shown in the case of the Blaen-y-cwm Beds.

In view of this discrepancy, it is interesting to note that, at

Pen-v-o-arnedd on the south side of the Berwyns, one of us.

together with Mr. W. B. K. King, found well-preserved graptolites

in black shales, occupying the same stratigraphical position. ^ The
fossil assemblage occurring there has been claimed by Miss Elles

as proving the presence of the Diplograptus-pristis Zone of

Sweden, hitherto unrecognized in this country. That zone is ap-

proximately equivalent to the zone of Pleurograpius linearis.

Therefore, until really well-preserved forms are forthcoming from

the Blaen-y-cwm Beds, we are inclined to attach more importance

to the evidence, stratigraphical and palseontological, which points to

the TleuvograpUiS-linearis Zone, than to identifications, based on

admittedly inadequate material, suggestive of a far lower horizon.

Ashgillian Series south of the Llangollen Syncliiiorium.

(7) Dolhir Beds.—The general lithological characters of the

Dolhir Beds have already been indicated in Table I, p. 180, and the

variation in thickness is shown in Table II, p. 189, and fig. 3, p. 185.

(«) Lower or Ty'n-y-twmpath Beds.^—A group of grey

slates, often with difficulty separable from the normal micaceous

Dolhir Slates, comes in above the Blaen-y-cvnn Beds, near Gelli,

and thickens westwards, where it is frequently characterized by a

speckly blotching of the rocks. It is usually far less fossiliferous

than the Dolhir Beds proper, although locally it contains a rich

fauna of trilobites.

The upper and lower limits of this group merge into the Dolhir

and Blaen-y-cwm Beds respectively, by insensible gradations, and

it has not "^ been possible to draw satisfactory boundaries to the

formation on the map. It is also uncertain whether the Ty'n-y-

twnipath Beds are the equivalent in the west of the Dolhir Lime-

stone, which, with its associated shales, forms the base of the

Dolhir Beds near Grlyn-Ceiriog.

1 ' Summary of Progress for 1919 ' Geol. Surv. 1920, pp. 4, 5.

2 This group takes its name from a large farm, lying immediately ^vest of

the small homestead indicated as Bone, about three-quarters of a mile east

of Nantyr. Nant-Ty'n-twmpath, referred to in the sequel, is the valley that

descends from the north to the farm.
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The distinctive Asligillian faun;

Dolliir Beds is set forth below :

—

187

The distinctive Ashgillian fauna of this lowest member of the

Favositesjibj'osusijioldt'uss

Cf. Monficulipora lens M'Co}'
Orhicidoidea perrxigata M'Coj'
Lept(Bna rhomboidalis Wilckens
Orthisflabellulum J. de C. Sowerby
Orthis calligramma Dalman
Orthis calligramma, var. plicata J. de C

Sowerb}'-

Orthis (DalmatieJIa) elegantvla Dalmau ..

Orthis {Dahnanella) testudinaria Dalman.
Orthis (Hebertella) vespertilio J. de C

Sowerby ,

Plectambonites scissa Siiltev

Flectambonites sp

? Triplecia insularis Eichwald
Agnostus agnostiformis M cCoy
Agnostus cf. agnostiform is

Calyviene senaria Conrad (Salter) ,

Calymene cf. caractaci Salter

Chasmops sp

Cybele cf. verrucosa Dalman
lEncrimirtis sp
Illcemis sip

,

Lichas ?])

Phacops truncato-catidatus Portlock
Fhillipsinella parabola \^iwvi\w({e

Sphcerocoryphe thomsoni (?) Eeed
Triyiucleus cf. nicholsoni Reed
Trinucleus seticornis Hisinger
Trinucleus sp

2.

(1) Ty'n-y-celyn Farm, near Nantyr.
(2) Ty'n-y-twmpatli stream, 150 yards north of the farm.

(3) Lane at Bone.
(4) Old quarry, by the entrance-lodge to Plas Nantyr.

(5) Headwaters of Nant-j^-Lladroii, 3 miles south by east of Corwen.

(h) Upper or Dolhir (sensu stricto) Beds.—The remainder
of the Dolhir Beds includes the rocks so desis^nated by Dr. Gi-oom
& Mr. Lake near Gljn, and needs no further description so far as

the eastern part of their outcrop is concerned. Westwards, how-
ever, the group, as mapped by us, thickens (fig. 3, p. 185), and
becomes more sand}^ especiallj^ in its upper part, which embraces
shalj sandstones that are almost certainly the equivalent of the

lower part of the Grlyn G-rit of Gljai-Ceiriog. These beds are not

separable in the field from the main part of the group, but their

arenaceous nature provides a type of lithologv intermediate

between the Dolhir Slates of Grlyn and the greywacke slates and
sandstones of the Cyrn-y-Brain Beds. It is accordingly interesting

to find Meristina crassa occurring in them as a rarity, for this

fossil may be said to be one of the most abundant and charac-

teristic forms in the Cyrn-y-Brain Beds.

The Ashgillian age of the Dolhir Beds was established by
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Groom & Lake, In addition to the forms recorded by them, we
may note Sarpes dorani^ Portloch and Splicerocoryplie tJiom-

soni (.'') Reed.

(8) G-lyn-Corwen G-rit.—The Glyn Grit at Glyn is a platy

sandstone passing down into a limestone, the two rocks being

interbedded at their junction. The peculiarities and fauna of

these rocks were described b}' Groom & Lake at some length.

When traced westwards an upper massive grit is found to come in

about a mile west of Glyn. and it is this upper grit which has

been proved by us to be the continuation of the CorAven Grit. The
disappearance of the platy grit westwards has just been noted. It

is interesting, however, to find near the Ty"n-y-twmpath stream

that the upper massive grit is succeeded upwards by thin beds of

OTit interbedded with the Lower Valentian Slates, in the same
manner that farther east the platy grit passes upwards into the

slates, as described by Groom & Lake.- Xear Corwen shaly bands

in the grit resemble lithologically the Dolhir Beds.

Thus it appears that we must treat the Corwen and Glyn Grits

as parts of a single formation, conformable with the rocks above

and below ; but, if Ave judge from the fossil as Avell as fi'om the

litholosrical evidence, the formation is more closelv related to the

Ordovician than to the Silurian. Further reference to this is

made on pp. 190 &. 191 in describing their equivalent farther north.

Relation of the Ashgilliaii to tlie Caradocian.

(See Table II., p. 1S9,. & fig. 3, p. 185.)

The relation of the Ashgillian to the Caradocian in the Xorth
Berwyns may now be reviewed in the light of the facts set out in

th.e preceding pages.

The hiatus shown by Dr. Groom & Mr. Lake to exist between

the Dolhir Beds proper and the Caradocian Bryn Beds in the

Glyn-Ceiriog region appears to be filled farther west by tlie

Blaen-y-cym and Ty'n-y-twmpath Beds, the former yielding

graptolites probably indicative of an Tapper Caradocian age, and

the latter containing a tyj^ical assemblage of Ashgillian trilobites.

The complete sequence appears to be dcA^eloped at most places

west of Gelli ; but, east of that localit\', the rapid diminution in

thickness of the Dolhii- Beds proper, that come to outcrop, and the

absence of the Ty"n-y-tAvmpath ^ and the Blaen-y-cwm Beds, are

best explained by faulting along a gently-dipping plane, a view

put forward by Groom & Lake (see fig. 3, p. 185). This fault was

described in detail as the Dolhir Fault, and was shown on

their map as separating the Bryn and Dolhir Beds nearly as far

west as Ty'n-y-twmpath. Our discovery of the Pen-y-Gi-aig Ash
west of G-elli and our present knowledge of the Blaen-y-CAvm and

1 Q. J. G. S. vol. Ixiv (1908) pp. 572-73. - Ibid. p. 57G.

^ The available palffiontological evidence is insufficient to prove or disprove

the identity in age of tlie Dolliir Limestone and the Tv'n-y-twmpatli Beds.
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Table II.

—

Approximate Thicknesses in feet of the Formations prom
THE Brtn Beds to the Cokwen Grit, calculated from their Outcrops.

Peii-Creigiau

Barcut

(western

edge

of

Sheet

121).

.2 5 03

5^
d
>>

fUpper or

Glyn massive grit 20 20? 20 10 10-0

100-

a a a
i

C r w e n I J

Grit. ^^^TJ' «^-

platy grit

and Glyn
1^ Limestone

.

U

"1

50 50 + 20 20 20

Dolhir Beds {sensu

stricto).

j>1860 ^1500

J

1020 1
>1050 ^1000 970 840 620

Ty'n-y-twmpath Beds 300 180 150 ^ U J u U U U

Blaen-y-cwni Beds 120 90 100 50 a a a a

Pen-y-graig Ash a 10 20 4 10

360

a a? a?

Brvn Beds 120 150 210 210 400 500 560
!

[U=unrecognizable ; a=absent. See also diagrammatic section, fig. 3, p. 185.]

Ty'n-y-twmpath Beds preclude us from accepting this wide range

of the fault westwards, unless it passes to a lower horizon and cuts

out the lower part of the Bryn Beds in this region, instead of the

top, as suggested by Groom & Lake. The rapid westward thinning

of tlie Bryn Beds might thus be accounted for ; but there is no
definite evidence for such a fault.

From Gelli eastwards, however, we have drawn a fault similar

to that adopted by Groom & Lake, separating the Bryn Beds
from the Dolhir Beds proper, and cutting out the Blaen-y-cwm
and Ty'n-y-twmpath Beds ; but in our view the Pen-y-graig Ash
is probably absent by non-deposition east of the Glyn Valley, and
most of the increase in thickness of the Bryn Beds is due to

lithological changes affecting especially their lower part. In order

to produce the arrangement of the outcrops observed, the fault

must be inclined at a lower angle than tlie beds, and is probably

a thrust.

The only other feasible explanation of the observed facts would
involve an unconformity with overlap, or at least a marked non-

sequence between the Ashgillian and the Caradocian beds east of

Gelli. There is nothing, however, in the nature of the sediments

composing the Ashgillian to suggest an unconformity. The gap
in the sequence, also, is too extensive to be readil}'' explained by a

non-sequence.
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Asligilliaii Seiies north of the Llangollen Synclinorium.

Cyrn-y-Brain Beds and Plas-nchaf Grit.—The Ordo-
vician inliers of Cyrn-y-Bram and Mynydd-Cricor are formed of

greywacke-slates, sandstones, and grits, which can be correlated

by their abundant fauna with the Dolhir Beds and the Grlyn-

Corwen G-rit. Both inliers are anticlinal in structure, but the

lowest beds exposed occur on Cyrn-y-Brain. Those have been
detected north of Plas-uchaf, at one place only, and consist of soft

micaceous sandstones, slightly cleaved and fvill of fossils. Above
them follows a great thickness (probably 1500 feet at least) of

cleaved gritty greywacke-slates, which, especially towards the top,

become sandstones or grits. The Plas-uchaf Grit, which forms
the summit of the series, is a massive uncleaved rock, from 10 to

20 feet thick on Cyrn-y-Brain, and quite comparable with the

Corwen Grit. On C}T.'n-y-Brain its highest part is composed of a

tough platy sandstone with contorted lamination, about 3 feet

thick, passing upwards with appai'ent conformity into a dark
mudstone that weathers into a brown rottenstone. This may be

taken as the base of the Yalentian. On Mynydd-Cricor the thick-

ness of the Plas-uchaf Grit varies greatly, and it appears to split

and include bands of shale closely similar to the underlying cleaved

greywacke-slates.

Throughout the Cyrn-y-Brain Beds, brachiopods are locally

plentiful. Of these, Jleristina crassa is the most characteristic

and abundant form, occurring from top to bottom of the series.

It was on account of the abundance of this fossil that the late

Prof . T. McKenny Hughes^ assigned the Plas-uchaf Grit (and pre-

sumably the underlying arenaceous beds) to the Llandovery Series.

Our collections, however, prove that this brachiopod occurs here

in association with undoubtedly Ordovician trilobites, such as

Trimicleus and Chasmops macroiira, the latter being of more
frequent occurrence than Trimicleus.

The list of fossils given below (p. 191) shows that the Cyrn-y-

Brain Beds, together with the Plas-uchaf Grit, are the equivalent

of the Dolhir Beds proper and the Glyn-Corwen Grit.

Prof. 0. T. Jones has pointed out to us that the types of

Flectambonites sericea and of StropJiomena antiquafa found in

the Cyrn-y-Brain Beds resemble those occurring in the Slade Beds

of South Wales. The discovery of these forms, in shales inter-

bedded with the Plas-uchaf Grit on Mynydd-Cricor, is useful

evidence in favour of the Ordovician rather than of the Silurian

age of that grit.

Orfhis hirnantensis and Stropliomena siluriana are most
commonly found in, if not confined to, the upper part of the Cyrn-

y-Brain Beds. These forms, in conjunction with Orfhis sagittifera

and O. (Plati/strophia) hiforata, ysiY.^ssicostata, point to a close

comparison with the Hirnant Limestone and its associated rocks

1 Q. J. G. S. vol. xxxiii (1877) p. 207.



part 2] PALEOZOIC eocks op the llanuollen district. 191

which constitute the buffer formation between Ordovician and
Silurian in the Bala country. In fact, Miss Gr. L. EUes ^ has

expressed the opinion that the Hirnant Limestone is equivalent to

the Conway- Castle Grits, the upper part of which she would regard

as Llandovery in age.

List of Fossils from the Ctbn-t-Brain Beds.

[Fossils found in the Dolhir Beds are marked D, those in the Glyn Grit G.

C indicates fossils found on Cyrn-y-Brain, and M on Mynydd-Cricor.]

J) G Favosites fMonticuliporaJ fibro-

sus Goldfuss. Common. C.

D Heliolites i7iterstincU',s Linnaeus.

C.

D G ' Petraia ' elongata Phillips. C.

D Petraia suhduplicata M'Coy.
Common. C.

D Petraia suhduplicata, var. cre-

nulata M'Coy. C.

D G Crinoid-remains. C.

D Cf. Caryocystites leitchi Forbes.

C.

D Echinosphaerites cf. haltica

Eichwald. C.

D Phyllopora hisingeri M'Coy.
Common. C.

Pinacopora grayi Nicholson &
Etheridge. C.

T> G Ptilodictya acuta Hall. C.

Atrypa marginalis Dalman. M.
D G Clitainhonites ascendens Pan-

der. C.

?Dino'bolus sp. M.
D G Leptaena rhoinhoidalis Wilckens.

Common. C, M.
D Lingula sp. C, M.

Mei'istina crassa J. de C. Sow-
erby. Very common. C, M.

D G Orthis actonias J. de C. Sowerby.
C.

D G Orthis fPlatystrophiaJ hiforata

Schlotheim. C, M.
Orthis (P.) hiforata, var. fissi-

costata M'Coy. M.
Ortliis (P.J spiriferoides M'Coy.
C?M.

D G 0. calligramma (?) Dalman. M.
D G Orthis crispa M'Coy. C.

D G Orthis (Dalmanella)elegantula(?)
Dalman. C.

D 0. (D.) cf. testudinaria Dalman.
D Orthis hirnantensis M'Coy.

Common. C.

Orthis (RhipidoinellaJ cf. mul'
lochiensis Davidson. C.

D G Cf . Orthis fPlsesiomysJ porcata

(M'Coy). C.

Ortliis (P.) porcata, YSbV. sladensis

(Reed). C.

D Orthis (Heterorthis ?J sagittifera

(M'Coy). C.

Parastrophia divergens Hall &
Clarke. C.

Plectainho7iites papillosa Reed.
M.

Plectamhonites cf. papillosa. C.

D G Plectainh&nites sericea J. de C.

Sowerby. C, M.
Plectamhonites sericea, var.

rhomhica (?) M'Coy. C, M.
Bafinesquina expansa (?) J. de

C. Sowerby. C.
' Bhynchonella ' sp. C.

Strophomena antiquata J. de
C. Sowerby. C.

Strophomena siluriana David-
son. Common. C.

Triplecia insularis Eichwald.

C.

? Zygospira sp. C.

Murchisonia cf. turrita Port-

lock. C.

Murchisonia sp. C.

Tentaculites sp. C.

Acidaspis sp. C.

D Calymene senaria Conrad (Sal-

ter). Fairly common. C.

Calymene cf. senaria. C.

D Chasmops macroura Sjogren.

Fairly common. C.

D Encrinurus multisegmentatus.
Portlock. C.

Encrinurus sp. C.

D Illxnus hoimnanni Salter. C.

Illaenus cf. houmanni. C.

? D Phacops hroiigniarti Portlock.

C.

Phacops sp. C.

Triniicleus sp. Rare. C.

D

D

Q. J. G. S. vol. Ixv (1909) pp. 183-84.
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(C) Silurian : (a) The Valeiitian Formation.

Following with apparent conformity on the grits that constitute

the summit of the Ordovician, is a series of cleaved, usually

unfossiliferous, pale grey-green mudstones and shales ^ comprising
the Llandovery and Tarannon ' pale slates ' of earlier writers.

These can be conveniently grouped as the Yalentian Formation,
and may be subdivided as follows :

—

Upper Valentian or Tarannon (of Tarannon).

Lower Valentian or Birkhillian.

Dr. Grroom & Mr. Lake studied these rocks first at Corwen,- and
later at Glj^n-Ceiriog,^ where they gave the local names of 'Ty-
draw Slates ' to the Tarannon and ' Fron-Frj's Slates ' to the

Lower Yalentian (their ' Llandovery ') . "We do not propose to adopt

these names, because the sequence at Griyn-Ceiriog is very attenu-

ated, and often shows signs of having been severely dislocated. It

is probable that part of the Yalentian is missing here, as a result

of strike -faulting.

The fullest development of the Yalentian in the region under
description is brought to the surface by the anticlines of Cyrn-y-

Brain and Myn^^dd-Cricor. This is summarized in Table III,

opposite.

In the Cja-n-y-Brain area, the rocks are well exposed, but highly

cleaved and much disturbed, and near Plas-uchaf, the eastern part

of the World's-End Fault cuts out much of the lower series, and
in its western part much of the Tarannon.

The palaeontological evidence is very scattered. The chief data

may now be given.

Lower Yalentian.

The gritty grey-green mudstones with brachiopods are best seen

in an old opening 130 yards north of Tai-newyddion, on the Ruthin
road. Here were found :

—

Orthis (Hebertella) sp.

Plectamhonites cf. diiplicata J. de C.

Sowerby.
Plectamhonites cf. transversalis

Wahl.
Plectamhonites sp. nov.

Plectam,honites sp.

TrHobite.

Atrypa reticularis Linnaeus.

cf. Meristina furcata J. de C.

Sowerby.
Orthis (Bilohites) hiloha Linnaeus.

07-this calligramma Dalman.
Orthis fDalmanellaJ elegantula (?)

Dalman.
Orthis (Hebertella) protensa J. de

C. Sowerby.

This assemblage appears to represent a mixture of Lower and
Upper Llandovery faunas ; and, as elsewhere in the Llangollen

district, is not very helpful for purposes of correlation. The rocks

^ Where the rocks are referred to as shales or mudstones, the cleaved

equivalent is implied.
2 Q. J. G. S. vol. xUx (1893) p. 426. ^ Ibid. vol. Ixiv (1908) pp. 553-54.
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which yield this fauna lie not far below the top of the Lower
Yalentian.

It is, however, uncertain whether the upper limit of the Lower
Yalentian alwa^^s occurs at the same horizon in these northern

outcrops. The summit near Hafod-vr-Abad, for example, is formed
b}^ shales which 120 yards east of the house 3delded the following

graptolites, indicating the zone of ILonogrcrptiis convolutus :

—

Climacograptus scalaris Hisinger.

C tornqv.isti Elles & Wood.
Diplograptus (Ortliograptus) hellnlus

Tornquist.

Diplogm2)tus (Mesogro.ptus) magims
H. Lapworth.

Diplograptus (Glyptograptus) tama-
i-iscus Xicliolson.

Monograptiis argutus Lapworth.
M. convolutus Hisinger.

M. decipiens Tornqiiist.

M. leptotJieca Lapworth.
M. lohifenis M'Coy.
M. regularis Tomqtdst.
M. sedgicicTii ? Portlock.

M. undulatus Elles & Wood.

These are well preserved. The outcrop of the soft shale in

which they occur forms a depression which has been taken as a

line of division between the L'^pper and the Lower Series.

On the other hand, at the summit of the Lower Series on the

moor road, 400 yards north-east of Bryn-yr-odyn, graptolites in a

bad state of preservation were found, which suggest the zone of

3T. gregarius. But the reference of the rocks to that zone is not

absolutely reliable. The list is as follows :

—

Cliinacograptus rectangularis (?)

M'Coy.
C. tornqnisti Elles & Wood.
Diplograptus (^lesograptus) magnus

H. Lapworth.

Monograptiis atavus Jones.

31. gregarixis Lapworth.
M. rei'olutus Kiirck., var. austenis

Tornquist.

M. triangidatus Harkness.

One other feature of the Lower Yalentian on Cyrn-y-Brain must
be noted : namely, the absence (except at one place) of the speckled

variety of mudstone so characteristic of that formation in the

other districts.

Upper Yalentian.

In the Tarannon Series on Cyrn-y-Brain, the lowest beds are

unfossiliferous, except near Llandegla, where at a point 600 yards

west of Hafod-Bilston, j]Ionograptus hecki Barrande, M. marri
Perner, and AL. runcinatus Lapworth, suggest a horizon about the

zone of j\L turriculatus. The presence of the M.-crispus Zone is

well established by the follo^ving forms from the roadside 20 yards

south-west of the barn at Ty-uchaf, a quarter of a mile south of

Bryn-yr-odyn :

—

Monograptiis discus TornqTiist;

common.
M. griestonensis Nicol.

M. marri Perner.

Monograptiis nudiis Lapworth.
M. pandiis Lapworth.
M. planus Barrande.
M. spiralis Geinitz.
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And the following from the farmyard at Hafod-yr-Abad :

—

Monograptus runcinatus Lapworth.
M. nudus Lapworth.
If. exiguus Nicholson.

M. turriculatios Barrande.

Monograptus pandus Lapworth.
M. nodifer Tornqiiist.

If. priodon Bronn.

This assemblage indicated a low position in the M.-crispus
Zone.

The deposits overlying the M.-crispus Zone may represent the

griestonensis beds, and are interesting on account of their occa-

sional trilobite and brachiopod remains. In the steep lane heading
from the old Ruthin road to Pentre-uchaf, half-a-mile south of

Bryn-yr-Odyn, the following forms were collected :
—

Favosites sp.

Orthis (BiloMtesJ hiloha Linnasus.

Phacops cf. elegans Sars & Bceck.

Phacops stolcesi Milne-Edwards.
Phacops sp.

The M.-crenulatus Zone is characterized by its peculiar lithology

(dark slates and mudstones), which easily distinguishes it from the

pale slates below, and the banded and laminated mudstones and
slates of the overlying Wenlock. It occupies, as a result of gentle

folding, a wide strij) of country near the Moel-y-faen quarries.

The following forms were found at a point 300 j^ards north of

Fron-adda on the side of the old Ruthin road :

—

Monograptus griestonensis Nicol.

Jf. vomeriniis Nicholson, var.

crenulatus Tornqnist.

Retiolites fGladiograptusJ geinitzi-

anus Barrande var. angustidens
Elles & Wood

;

while, on the old tram-line 340 yards north-west of Fron-adda, an

abundance of M. vomeriniis var. crenulatus is found. TJiis out-

crop appears to be part of a faulted inlier.

The Myiiydd-Cricor Area.

In this district the Yalentian, as a rule, dips outwards from
Mynydd-Cricor in conformity with the anticlinal structure, but it

is much affected by faults. Near Ffynnon-Tudur there is also

considerable thrusting, and the general dip is reversed in the

Tarannon Beds that override the Lower Valentian Series, so that

Wenlock Beds lie against the Ordovician on the West side of Cricor.

Lower Valentian.—The Lower Yalentian rocks of M3mydd-
Cricor exhibit the typical speckled and pale grey-green aspect, and
are rarely fossiliferous. The following forms were collected from
Bryn-Rhedyn, 1 mile east by south of Cricor Farm :

—

Flecfam-
honites scissa Salter and '^ Strophomena o,^. fletclieri Davidson.

The summit of the Lower Series appears to be in the zone of

il£ cypfhus, for the following forms occur, within a few feet of

typical Tarannon mudstone in the ravine, half a mile south-east

o2
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of Cricor Farm, and we can find no evidence of the junction being
faulted :

—

Clifnaatgraptus rectangularis

M'Coy.
Difiographts (CHyptograptusJ ta-

trmriscus 'Nicholson.

Monograptus acinaces (?) Tofrnquisfc.

Mojfwgraptus atavus (fj Jonee.
Moiwgraptus cyphus Lapworth.

Upper Yalentian.—Ii: the Upper, or Tarannon, Series, no
fossils indicative of the turriculatus zone have come to light, but
the rocks that may be referable to it are very unfossiliferous.

The exposure yielding the above-mentioned ^L.-eyphus Zone fossils

is separated from an outcrop of the Jf.-cn'spus Beds by the north-

and-south Tan-y-graig Fault. Xear the little reservoir here seven

fossiliferous loeaKties were discovered in a thickness of some
300 feet, in dark striped bands intercalated in the usual grey-green

m^udstone. The upper part may represent a portion of the z^jne of

J/! griestonensis, but the following forms occurring near the

reservoir indicate the 2£.-crispus Zone :

—

Monograptus erispus Lapworth.
M. discus Tomqnist.
Jf. griestonensis Xieol.

M. marri Feiner.

Jf. nodifer Tomqnist.

Monograptus pandus Lapworih.
jr. priodon Broun.
Jf. runcinatus I^pvoitlL.

Jf. spiralis Gfinitz.

The presence of the griestonensis beds, followed by the darker

and often striped crenulatus passage-beds up into the Wenlock
Series, has been established at several places in this area. Xear
Xant-uchaf, three-quarters of a mile south of Cricor Farm, we find

2£onograptus cf. griestonensis Xicol. HL. marri Pemer, and JI.

spiralis Greinitz, 210 yards to the north-east : also Jl. priodon
Bronn, JT. romerinus var. basiliens Lapworth, and var. crenulatus

Tomquist, about 110 to 130 yards south of that farm.

In the ravine half a mile north-north-east of Khos-lydan the

following forms, in Miss G. L. Elles's opinion, probably indicate

the zone of Monograptus griestonensis :
—

Monograptus erispus Lapworth.

M. discus Tomqnist,
Jf. griestonensis XicoL
Jf. marri Pemer.

Monograptus nudus Lapworth.
Jf. pandus Lapworth.
M. priodon Bromu

areIn Xant-y-garth the passage-beds {~i[.-crenulatus Z;:.

admirably exposed about a third of a mile west-north-west f tie

6th milestone from Ruthin, and yielded Monograptus ; . ; .=

Bronn, J/, romerinus XicholsoUj var. crenulatus Tomqmst, and
Metiolites (Qladiograptus) geinitzianus Barrande, var. angusti-

dens EUes & Wood.
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Soatlieni Limb of the Llangollen Syiiclinorium.

On the south side of the Llangollen Synclinorium the A^alentian

succession is even more obscure than in the north. The whole

group of rocks is much reduced in thickness, and is very unfossili-

ferous.

Corwen-Moel-Fferna Area.

In the Corwen-Moel-Fferna district the following appears to be

the sequence :

—

Wenlock. f Cyrtograptus-

\ mnrcliisoni Zone.

Banded slates.

(

Upper Valentian
or T a r a n n o n.

Lower Valentian)
or Birkhillian.

Ashg-illian.

Dark, splintery, bine slate and
banded slate.

Grey-green sandstone and slates,

with pebbles or nodules of

limestone in places.

M.-turriciilatus Striped and grey-green slates.

Zone.

Dark mudstone yielding grapto-

lites.

Grey-green gritty slates, in places

speckled, and interbedded, es-

pecially near the base, with

thin sandstone-bands.

Corwen Grit.

? Monograx>tiis-

crennlatus Zone
? M.-crispus

Zone.

M.-convolutus

Zone.

There is no apparent unconformit}^ at the base of the Valentian.

The convolutus zone was determined by Dr. Grroom & Mr. Lake ^

in Nant-Llechog. Near the Corwen slate-mine, and at the head-

waters of the Ceiriog, forms were found by iis indicating the

tu7V'iculatus zone :

—

Climacograptus extrermis H.
Lapworth.

Monogj'ajjtus tecki Barrande.
M. dextrorsHs Linnarsson.

M. exiguus Nicholson.

M. gemmatus Barrande.

M. priodon Bronn. X

Monograptus inarri Perner.

M. nudus Lapworth.
M. pandtis Lapworth.
M. runcinaUis Lapworth.
M. hirriculatus Barrande.

M. halli Barrande.

Betiolites geinitzianus Barrande.

1 2

X X
X X
X X
X
V

X
/'S

X
. X

1 — Head-waters of the Ceiriog, south side of Moel-Fferna.
2=In stream 330 yards north-west of the Corwen slate-mine, near Carrog.

There is no great thickness of rock between the convoltitus and
the tnrriculatus zones, and no appearance of unconformity^

The Glyn-Ceiriog Area.

In this area Dr. Groom & Mr. Lake's map and description of the

Valentian succession have been confirmed in the main. The con-

formable upward succession from the Grlyn Grit was proved by
them, and can be studied in quarries and natural exposures near

Q. J. G. S. vol. slix (1893) pp. 432-33.
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the Xant-Ty'n-v-tv\Tiipath stream, in the neiglibourhood of the

Glvn-Ceiriog-Glvn-DTfi'chvT road.

The following appeal's to be the sequence in this area :

—

SECTIO^" TP THi: Xaxt Tt'>*-t-twxpath.

Tfiicliness in feet.

-^x- 1 1 r Banded earthy-weathering slates. Cyr-

[ tograptus-rnurcnisoni Zone,

( (5) Bine slates, interbedded in the lower
I part with grev mndstone of the

Tarannonor [ Tarannon type. Monograptus-
irpperValentian-{ crenidat us Zone 10

(4) Grey-greenmndstone, with oceasional
striped bands, cleaved into thick

1^ roofing-sJates abont 140

f (3) Pale gritty shale, with brachiopods. 6

[
(2) Speckled or mottled, rather gritty

Lower Talentian j green slates 70
(Fron Frys Slates). | (1^ Platy sandstone with shale-bands,

j
passing down into more thickly-

[ bedded sandstone 2

Ashgillian. Glyn Grit.

In the Lower Talentian no graptolites have been found, but in

places brachiopods are fairly numerous. Although for the gi-eater

part these are Lower LlandoTerr forms, yet some, in Prof. 0. T.

Jones's opinion, are more typical of the TTpper Llandovery. The
foliowins: forms were identilied by him. Fossils collected from a

point 120 yards south-east of Cefn-isaf, near Grlyn-Ceiriog, were :

—

Camarofcecliia horealis Schlotheim. Orthis cf. rii-stica J. de C. Sowerby.

Catazyga ('?). Orihis {DalmaneUa) sp.

Leptsena r7joni6oif?aZi5 "Wilckens. cf. OHJiotete-s pecteyi Linnasns.

Leptsena sp. nor. Penfamerusglohosus J. deCSoweihj.
Meristina fnrcata J. de C. SoMreThj. Plectamhonites dxiplicata J. de C.

Meristina suhundata M'Coy. Sowerby.
Meristina sp. Plectamhonites scissa Salter.

Orthis (Bilobites) hiloha Lirmiens. PI ecto mbonites cf. transverscdis

Orthis {HeberteUa) protensa J. de C. WahL
Sowerby. . Acidaspis sp.

In an old quany on the right bank of the Xant-Ty"n-y-twmpath
the following were discovered :

—

Catazyga (?J. i Plectambonites scissa Salter.

Meristina cf. subimdata M'Coy. Plectamhonites cf. transrersalis

Orthis {Dalmanella) sp. | "W'ahL

The brachiopods enumerated above occur in the uppermost part

of the Lower Talentian

.

In the Upper Talentian a few graptolites have been discovered.

The crenidat lis beds are recognizable here, as elsewhere, by
their dark-blue colour, at the summit of the Tarannon pale slates.

The following fossils were foimd at Xant-Fowc, a mile and a half

south-east of Glyn-Ceiriog :

—

JIonograptus ro»?6'm??/.s Nicholson,

and Jl. vornerinus var. crenidatus Tomquist.

The presence of the griestonensis zone is suggested by the
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following forms from450 ^^ards north of Fron-Llwyd :

—

M.grieston-
ensis Nicol, M. marri (?) Perner, and J/", priodon Bronn.
From the data hero brought forward it is clear that the ' Pale

Slates ' of Grljn-Ceiriog are undoubtedly of Yalentian age
;
yet it is

obvious that we have but little precise information as to their

zonal position. Their remarkable thinness, coupled with the

quartz-veining and disturbance of the Tarannon Slates, especially

well seen near the Grlyn slate-quarries, suggests that the strata

observed at the outcrop do not represent the true development of

the formation.

Summary of the Yalentian Sequence.

It is now possible to give a conspectus of the Yalentian formation

in the whole district.

The fullest development is seen in the northern outcrops of

Mynydd-Cricor and Cyrn-y-Brain, while, though thinner near

Table IV.

a=abseiit; i= in£eiTe(l; p= proved.

r Monograptus c7'e7ttolatus

rp ) 3£. qriestonensis
I a r a u 11 n S n r •

J 31 . cy^ispus

L 31. turriculatus

Thickness in feet <

Non- sequence.

fM. sedffwicki

I

31. convolutus

I
31. gregarius ...

,

B i r k li i 1 1 i a n <j 3£. cyphus

I

Ortliograptus vesiculosus with )

I
3fesograp)tus modestus )

{^Climacograptus actcminatus

• Thickness in feet
j

O

3

p
p
i

?

120 to

150

a

?a
?a
?a

80 to

120

^ o

S ^ I

C^ OR o

p
p?
p
p

200 to 700 to

300 900

I

350?

1

900?

P
P
P
i

1200?

a

a

a

P

i

i

500 to

600?

Corwen, the series is even there far more imposing than at Grlyn-

Ceiriog.

Owing to the difficulty of collecting and identifying the fossils,

to the monotonous lithology, and to the movements that the beds

have undergone, it is not possible to dogmatize concerning the

presence or absence of some parts of the series ; but it does appear

probable that the thinness noted at Glyn-Ceiriog may be in part

due to faulting, though chietiy to attenuation of the sediments.

Over the greater part of the district evidence seems to exist for
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the original deposition of all the usually accepted zones of the

Tarannon Series. These have a peculiar lithology that in practice,

as a rule, suffices to differentiate them from the lower series. The
relationship of the Tarannon to the Lower Yalentian or Birkhillian

still remains obscure. It is probably in the nature of a non-

sequence, for there are no signs of an unconformity in the type of

sediment, yet the Monograptus-sedgivichi Zone has nowhere been

observed, and the Tarannon slates appear to rest in places on the

convohttiis zone (Corwen and parts of Cyrn-y-Brain) and in places

on that of M. gregarius (parts of Cyrn-y-Brain) or of M. cyplius

(Mynydd-Cricor).
Table IV on p. 199 illustrates the development of the usually

recognized Valentian zones in the various areas dealt with.

(/>) Salopian Formation—The Denbighshire Series.

(I) General Observations.

In the course of the present investigation some 70 square miles

of the outcrop of the Wenlock and Ludlow Series have been

mapped. The rocks comprise the 'Denbighshire Series' of previous

workers.

The La ngollen-Corwen district has been dealt with by various

workers from the days of J. E. Bowman ^ ; but they have, for

the greater part, confined their attention to the simple southern

portion of the synclinorium.

In 1895 Mr. P. Lake^ put forward the following classification :

—

Dinas-Bran Beds.

Slaty Beds, with Monograptus leintivardinensis.

Gritty Beds.

Mags, with MonograpUis coloniis, Cardiola interrupta, OrtJioceras

primsevum, etc.

Moel-Fferna Slates, with Monograptus flemingi, M. priodon.

Pen-y-glog G-rit.

Pen-y-glog Slates, with Monograptus personatus, M. priodon, etc.

Subject to modifications to which reference is made in the sequel,

this classification, together with zonal information contained in the

papers by Miss Gr. L. Elles and Dame Ethel Shakespear (nee "Wood),

mentioned on p. 177, has formed the basis of our work.

That the strata of the Denbighshire Series are of shallow-water

origin is suggested by the great thickness of rocks of one litho-

logical type, and by the presence of internal brecciation, cross-

bedding, and contemporaneous erosion-phenomena.

The series is probably between 4000 and 5000 feet thick, and is

composed (with the exception of the Pen-y-glog G-rit) of what

^ Brit. Assoc. Eep. of Sections (Glasgow) 1840, p. 100 ; ihid. (Plymouth)
1841, p. 59 ; and Trans. Manchester Geol. Soc. vol. i (1841) p. 194.

^ Q. J. G. S. vol. li, pp. 9-22. This paper contains a bibliography complete
up to 1895.
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were originally bands of laminated silt, alternating with bands of

mud. The thickness of individual layers varies from perhaps

1/10 inch to several inches, or occasionally a foot or more, but

the monotonous alternation persists throughout. Except in the

Pen-y-glog Slates, the mud-bands usually exceed the silt-bands in

thickness, and there appears to be a fairl}^ constant thickness -ratio

of about 1 to 3 or 1 to 5, as between silt-band and mud-band as

measured now in the indurated and cleaved condition. There is

little doubt that the alternations represent seasonal variations of

the transporting power of the rivers which supplied the sediment

to the sea.

The mud-bands have assumed a more or less perfect cleavage
;

but the silt-bands are frequently devoid of it, although in many
cases the cleavage passes through both. This factor, together Avith

the original thickness of the bands, and the angle between the dip

of cleavage and the bedding, produces an endless variet}" of

appearance within somewhat monotonous limits.

Apart from the Pen-y-glog Slates and Grit no subdivision of the

group possesses any striking lithological characteristic by which it

can be readily identified and traced. Nor do the fossils give much
help, on account of their rarity and poor preservation. Hence
there is considerable doubt about the accuracy of the lines

representing the boundaries of the subdivisions of the Salopian

shown in the map (PI. V), which must be regarded as illustrating

the structure, and as offering a solution (admittedly imperfect) to

the riddle of the folding (see pp. 212-17), in the complex Llan-

gollen Sjaiclinorium.

It appears probable that most of the accepted graptolite-zones of

the Wenlock and Lower LudloAv (as developed in the Welsh
Borderland, Shropshire, and elsewhere) are represented. The
general sequence and the zones are indicated in Table V (p. 202).

(2) Wenlock Series.

The Wenlock is thin in comparison with the Lower Ludlow
Series, and is relatively well known. ^ Its lowest member, com-
prising mudstones and slates with the fauna of the Cyrtograptus-
murcliisoni Zone, succeeds the Monograptus-crenulatus Beds of

the Upper Valentian conformabl}^.

The lithology of this and the succeeding 3I.-riccartonensis Zone
may be described as banded earthy-weathering slates,- the upper
zone providing the roofing-slates of Glyn-Ceiriog, Moel-Fferna,
Pen-y-glog (Corwen Slate-Mine), and Moel-y-faen. In the

southern part of the district the roofing-slates are succeeded by

1 G. L. Elles, Q. J. G. S. vol. Ivl (1900) p. 397 ; P. Lake, ibid. vol. li (1895)

pp. 9-22.
2 They are of interest, on account of the problematical fossil Bem-ynia

carrutliersi (a plant of unknown affinities, now preserved as an anthracitic

substance).
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* bastard slates ' wliicli have yielded the following graptolites

indicative of the zone of Cyrtograptus linnarssoni :

—

1 2

Cyrtograptus linnarssoni Lap- X
worth.

Cyrtograjptus symmetricus Elles. X
MoHograptus duhius Suess.

M. jiemingi Salter.

M. fiemingi var. primus Elles

& Wood.

X
X
X

Monograptus jiexilis Elles.

M. priodon Bronn.
M. vomerinus Nicholson.

M. vomerinus var. basilicus

Lapworth.

1 2

X X
X X
X X
X

1 — North side of the quarry, north of the upper bridge over the Nant
Ty'n-y-twmpath.

2 = Level in Moel-Fferna Slate-Quarry.

It was the presence of this fauna at Moel-Fferna that led

Mr. P. Lake to institute his ' Moel-Fferna Slates ' ; but the

present development of the mine clearly demonstrates that the

'bastard slates' (with C. linnarssoni) lie under, and not over,

the Pen-y-glog Grit as he thought.

Pen-y-glog Grit occurs only in the western part of the district.

It is a tough, fairiy massive, felspathic grit, often interbedded

with hard blue shale. Miss G. L. Elles states that the grit overlies

the M,-riccartonensis Beds at Pen-y-glog. If this be so, the base

of the grit lies at a lower horizon there than at Moel-Fferna, a

fact that may perhaps be related to its greater thickness at the

former place, where it is perhaps 120 feet thick. It thins to

30 feet at Moel-Fferna, and cannot be traced far to the east of

this point. A similar eastward thinning occurs in its northern

outcrop near Ffynnon-Tudur (north-west of Bryneglwys), an
occurrence of the grit that was overlooked by the makers of the

old geological map.
In the Moel-Fferna district the grit is overlain b}^ hard dark-

blue slates, devoid of fossils, which in turn give place upwards to

slates and silty bands of the Lower Ludlow type. But in Glyn-
Ceiriog there is no trace of the grit, and a considerable thickness of

banded, earthy- weathering, ' bastard slates ' succeeds the roofing-

slates ; we only know that, near the jSrant-Ty'n-3^-twmpath, the

lower part of these represents the linnarssoni zone (see above).

It appears that the junction with the Lower Ludlow is possibly

cut out in places by the Glyn-Ceiriog and Nant Ffrj^dd-isel

Faults, but the evidence is meagre and dithcult to interpret.

In addition to the almost continuous outcrop on the south and
west side of the Llangollen Synclinorium, the Wen lock deposits

emerge at Caer-Drewyn Hill, north-east of Corwen (see p. 216),
north and north-east of Bryneglwys, and on the south side of

Cyrn-y-Brain. In the last-named area they have been extensively

quarried in the past, on Moel-3^-faen in particular. There is a

general similarity of litholog}^ here and in the southern outcrop

;

but, on account of severe folding, and because the cleavage often

crosses the bedding more or less at right angles, the sequence and
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fossils are not so easilr studied. The following appears to be the

succession :

—

ThicJcness in feet.

Slates and silty sandstones of Lower Ludlow tyx>e-

Gritty blue slates, with occasional trilobites and Orthoceras r 100
' Bastard ' banded slates, with a 20-foot bed. near the base,

composed of brecciated blocks of laminated shale set in

a bine shaly matrix, the whole being well cleaved r 250
Banded roofing-slates, with beds of spar r 60
Banded mndstone, yielding fossils of the Cyrtograptus-

murchisoni Zone r 15 to 20

The brecciated bed mentioned above niav be seen in an old

cjuaiTv near Cae"r-hafod. and also near Ty-cerrig. The blocks of

shale composing it are disposed in every direction, as revealed by
the lamination ; but the normal cleavage goes through all, Avithout

reference to the orientation of the blocks. The band provides

evidence of considei-able consolidation of the silts and muds soon

after their deposition—in fact, before the laying-down of the

succeeding beds of shale. Brecciation within a bed the upper and
lower surfaces of which are sub-parallel, and possess the same dip as

the neighbouring rocks, seems to point to penecontemporaneous
disturbance, perhaps by an earthquake, on similar lines to those

suggested by Prof. P. F. KendalL-
In the Brvneglwys area, the Wenlock deposits are blue and

banded slates : but, as they have not been exploited, little can be

made out of the detailed succession. The Cy/'tograpfus-nuirclusoni

Zone, however, has been detected at points near the Tarannon-Slate

outcrops. The structure of this area is dealt with on p. 211.

(3) Lower Ludlow Series.

{a) Th- Ludlow Series in the Llangollen Synclinorium.

(ij Glyu-Dyfrdwy G-roup,—In the southern part of the

synchnorium there is no lithological feature and practically no

palseontological evidence on which to draw the base of the liower

Ludlow Series. It is probable that the bortom part of the Glvn-

Dyfi'dwy Group is absent through faulting in the Glvn-Ceiriog

valley : and, if present farther west, it is poorly exposed on the

moors. Xear Carrog and Moel-Fferna the normal upward sequence

from the Pen-y-glog Grit appears to be inten-upted by a north-

and-south fault along the Xant Ffridd-isel, which cuts out the

basal part of the group.

Could we but study this basal member adequately, it would

probably be found to fall in the zone of Man ograptus vulgaris

which Dame Ethel Shakespear believed that she could recognize in

1 Abs. Proc. G^eol. Soc. 1918-19, p. 28 : see also B. Smith, GeoLMag. 1916,

pp. T4i>-o6.
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the Nant-Arcldau Valley (Nant-y-Pandy), south of the Dee-side

Slab-quarries. Unfortunately, our collecting has not provided

material enough to confirm or disprove the existence of this zone.

On the northern flank of the synclinorium, there appears to be a

complete upward sequence from the Wenlock Series into slates

with thin silty sandstones, but there is no reliable palaeontological

evidence b}^ which to distinguish the two formations. There is

here, above the doubtful series, a well-marked slate-band (the

Pentre-Dwfr Slates) the outcrop of which we have tried to

represent on the map (PI. Y). The slates are not recognizable

south of the Dee : they may, however, be cut out by the faulting

mentioned above. As roofing-slates they have good weathering

properties, but are too thick for modern requirements. The
cleavage passes indiscriminately through mudstone and laminated

silts in which uncleaved calcareous concretions are frequent. The
slates pass upwards into an indefinite series of slates with thin

silty sandstone-bands.

The succeeding * Slab Horizon ' is traceable throughout the

synclinorium with fairly constant lithological characters. The
subdivision is essentially composed of rapidly alternating bands of

cleaved mudstone and uncleaved laminated silt. When not broken

up by close jointing, the rock splits readily between the cleaved and
uncleaved layers into huge slabs of a uniform thickness, and has

formerly been extensively quarried for slate-slabs, stone-cisterns,

flags, etc.^ As the graptolite fauna of this horizon has been shown
by Dame Ethel Shakespear ^ to be that of the JKonogrcqDtus-

nilssoui Zone, and, as other striking features of the fauna (the

local abundance of ' Actinocrinus'' pitlcher^ and of ' Orthoceras

primcevum'') have long been known, it is unnecessary to go into

further details. Our fossil-collecting confirms the reference of the

slabs to the nilssoni zone.

The uppermost subdivision of the Gl^ai-Dyfrdwy Group is

composed of fairly thin-bedded shales and silty mudstones or sand-

stones, occasionally^ micaceous, more or less perfectly cleaved.

The sandstones are sometimes internally crumpled, and the shales

frequently show concentric staining very similar to that seen in the

Moughton Whetstone of the Austwick Valley (Yorkshire). The
group as a whole is rather conspicuously unfossiliferous, but a few
graptolites have been found on the hills south-west and south of

Glyn-Dyfrdwy and elsewhere, which suggest that the rocks form
part of the Monograptiis-nilssoni Zone.

There are fine exposures in this group on the hillside north

of the bridge over the Dee at Glyn-Dyfrdwy, and north-west of

Dolywern near Glyn-Ceiriog.

In the latter area the subdivisions of the Glyn-Dyfrdwy Group

^ Flags of this rock, with the characteristic fossils, have been found in the

Roman Camp near Capel-Curig-.
" Q. J. G. S. vol. Ivi (1900) p. 446.
'^ D. W. Roberts, Trans. Edin. Geol. Soc. vol. i (1870) p. 329.
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appear to have the following thickness, although the lowest member
is in part cut out by the Grljai-Ceiriog Fault :

—

Feet.

Uppermost group 600
Slab horizon 270
Lowest group (part) 240 P

The thickness is not so easily measured in the disturbed northern

part of the synclinorium, but may be approximately 1600 to

1700 feet.

(ii) Nant-y-Bache Group.—In this group the rocks are pre-

dominantly uncleaved silt}^ sandstones and roughl3^-cleaved sandy
shales. They are best studied south of the Llangollen Fault, where
they occupy most of the upland between the Dee and Ceiriog

drainages, east of Gljai-Dyfrdwy. North of the fault, they are

involved in the severe folding, and therefore, although well deve-

loped, they are more difficult to investigate. The group appears

to be approximately 900 feet thick.

The base of the group has been taken to be the lower limit of

somewhat calcareous and (as a rule) internally-crumpled ^ silty sand-

stones, which form a bold escarpment from near Foel, past Glyn-

Ceiriog and Dolywern, to the Ceiriog valley near Pont-fadog, where

they cross to the eastern side and. forni the nameless hill 1330.

Near Dolywern and Glyn- Ceiriog a calcareous conglomei-ate of

rounded blue sandstone-pebbles, with a few shale-fragments and
many small blackish pebbles, occurs in the lowest part of the

group. It varies from 2| feet to about 1 inch in thickness.

A search for fossils in the pebbles revealed only one OrfJioceras,

though their lithology is suggestive of the Teirw Beds. The signi-

ficance of the conglomerate is not known, but it appears to be an

indication of renewed uplift along the Berwyn axis (see p. 183).

Associated Avith crumpled sandstones are fossiliferous laj^ers,

often crowded with Monograptus cMmcera, M. duhius, and 31.

tumescens (?), while occasionally small brachiopods are very

abundant in calcareous bands that weather to rottenstone. North
of Dolywern, the following forms Avere found :

—

Atrypa reticu-

laris Linnaeus, Dayia navicula J. de C. Sowerby, and OrtJiis

(Dahnanella) sp. In slightly higher beds in the same area

Gardiola (Slava) interrupta J. de C. Sowerby is fairly common.
There are extensive exposures of the Nant-y-Bache Grou]) in the

stream from which it takes its name and in the other branches of

the Cyflymen Brook, which descends towards Llangollen, although

here no fossils have been found. The rocks are predominantly

sandy ; but there is also some sandy, poorly cleaved shale.

^ We term the structure 'internal crumpling,' because it can be seen in

many cases that a bed, say, a foot thick, preserves its upper and lower surfaces

sub-parallel and seemingly undisturbed, while within there is folding and

even overfolding. The more shaly bands interstratified with the sandstones

are roughly cleaved. Less conspicuous internal crumpling occurs in the

sandstones of the uppermost Glyn-Dyfrdwy Beds.
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The uppermost beds of the group form the south side of the

Pengwern Valley. Here, about 200 yards south by east of Ty'n-y-

celyn the following assemblage, possibly indicating the lower part

of the Monograptits-scanicios Zone, was found :

—

Monograptus chimsera Barrande.

M. chiinaera, var. saliveyi Lapworth.
M. colomis Barrande.

These beds are some 300 to 400 feet below the lowest horizon

at which Monograptus leintwardinensis has been found.

On the north side of the Llangollen Fault the Nant-y-Bache
Group is involved in the severe folding (PI. Y).

(iii) Vivod G-roup (^M. -leintwardinensis Beds).—The
rocks composing this group are largely thinly-bedded flaggy shales

with silty, often laminated bands at frequent intervals. They are

less well cleaved than any of the rocks so far dealt with, the result

(it is believed) of their sandy nature. Fossils are rare in them, but
M. leintivardinensis has been found at several places. The group

is perhaps 1200 to 1300 feet thick.

South of the Llangollen Fault the characteristic fossil was
discovered at Craig-y-ddualt (south of Pengwern) and near

Pant-Dafj^dd-goch, and probably all the high land between the

Castle-Mills Fault and the Carboniferous of Chirk Castle is

occupied by this group.

North of the Llangollen Fault, the rocks underlying the Vivod
Valley, Berwyn,i and part of Llangollen itself appear to belong

to this subdivision.

The lateral shift effected by the branches of the Llangollen

Fault is well shown by the outcrops of the beds ; but the exact

distribution of the rocks east of Llangollen is very obscure.

{h) Lower Ludlow Rocks outside the Llangollen
Synclinorium.

The stratigraphy of the Lower Ludlow inside the Llangollen
Synclinorium has been dealt with at some length, because the
mutual relationship of the beds is clearer here than elsewhere in

the area under description. There seems, however, little doubt
that the rocks maintain the same general characters outside the
synclinorium, and there is pala3ontological evidence that the usual

zones are present. Thus :—The M.-leintivardinensis Zone,
indicating synclinal cores, is found south of Moel-Truan, near
Bryn-Tangor, 2J miles west-south-west of Bryneglwys ; near
Nant-Clywd, on the west of the Vale of Clwyd ; and possibly on
the eastern flank of the Clwydian range near Moel-yr-acre. Tlie

scanicus and tumescens zones occur west of the Vale of Clwyd.
The nilssoni zone covers a large area between the Bala and
Llanelidan Faults. The Dinas-Bran Beds have not been identified

with certainty.

1 See E. M. E. Wood (Shakespear), Q. J. G. S. vol. Ivi (1900) p. 446.
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(c) Intrusions in the Lower Ludlow Series.

An olivine-dolerite (tlioleite) occurs as small dykes in a few
places in the Lower Ludlow rocks. Mr. Lake mentions one near

Pen-j-vivod. Another outcrop is in the Afon-Eo, about 200 yards

from its confluence with the Dee ; but there is no proof that

the two form parts of the same dyke. Although the rocks have

not been found in situ, there is evidence of a third occurrence on

Craig-y-Khos, a hill half a mile north of G-lyn-Dyfi'dw}'.

(4) ? Upper Ludlow Series.

Dinas-Bran G-roup.—The rocks forming the conspicuous hill,

crowned with the remains of the ancient fastness of Castell-Dinas-

Bran, have long been regarded as the highest Silurian in the area.

They are uneleaved, thinly-bedded, slightly calcareous, sandy shales,

usuallv micaceous, and occasionallv fossiliferous.

Mr.^ Lake (Q. J. a. S. vol. li, 1895, p. 20) gives a list of fossils

from here, several of which have been also collected during the

present survey. The following new records may be added :—

•

Chonetes cf. sfriateJla Dalman.
Orthis cf. lunata J. de C. Sowerby.
Orthis cf. orhicidaris J.de C.Sowerbv.

Orthonota cf. amijgdalina J. de C.

Sowerby.
Pleurotomaria sp.

Ortlioceras liidense J. de C. Sowerbv.

Dayia na vie ida is the commonest fossil here, and has also been

found at various other localities nearer Llangollen. Mr. Lake
suo-gested that the fauna indicated an L^pper Ludlow age. Since

then Miss Gr. L. Elles & Miss I. L. Slater ^ have described in detail

the Ludlow Series at Ludlow, giving an extensive list of fossils.

According to these authors, Dayia navicuJa is not found in the

Upper Ludlow. Its abundance in the Dinas-Bran Grroup suggests

a correlation of that with the Mocktree or Dayia Shales ; but, as

these fall in the zone of jSL. leintwardinensis, which at Llangollen

is known to underlie the Dinas-Bran Beds, and as, with this

exception, the fossils are, generally speaking, common to both

Lower and Tapper Series, we are inclined to agree with Mr. Lake
in assigning the group to the Tapper Ludlow.

IV. Steucttjees.

In the succeeding portion of this paper, we attempt to describe

the structures that have resulted, in the main, from mountain-

building movements in Devonian times, although in part from a

continuation of the cycle of movements into later ages. But the

later movements have merely modified, and not obliterated, the

major tectonic featui-es that were rough-hewn by the Caledonian

folding.

1 ' The Highest Silurian Eocks of the Ludlow District ' Q. J. G. S. toI. Isii

(1906) pp. 195-222.
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The Lower Palaeozoic rocks are folded on approximately east-

and-west axes into a series of major and minor synclines and anti-

clines, which are cut through by a few mighty master-faults and a

multitude of smaller adjustment-faults. The earth-stresses were
so intense that all save the most resistant rocks were severely

cleaved.

Practically all the folding was effected in Devonian or earl}'-

Carboniferous times, while the major faults were also initiated

then. Proof of these statements can be seen in the transgressive

unconformity of the Dihunopliyllum Zone of the Carboniferous

Limestone, which strikes north and south at right angles to the

earlier structures. All the Carboniferous is subject, on the one

hand, to wide gentle warping that did not modify to any appreci-

able degree the Devonian folds below ; and, on the other hand, to

influential faulting that produced considerable displacement of the

fault-blocks already defined by the earlier movements.
The problems of the tectonics of the region fall, therefore,

naturally under two headings, namely:

—

{a) Pre- Carboniferous,

(5) Post- Carboniferous. This is true only in a general way,
however ; for the earth-movements went on intermittently

throughout the Devonian, Carboniferous, Permian, and Triassic

Periods, and possibly in even more recent times. In a paper dealing

with the Lower Palaeozoic rocks, a full account of the Devonian
movements is appropriate and will be attempted here ; while the

post- Carboniferous modifications can only be touched upon.

In the following description of the structures, our views have
in part been influenced by the fact that one of us (B. S.) has

collaborated with Mr. C. B. Wedd, of H.M. Greological Survey,

in a study of the tectonics of North Wales. This study has led

us to regard the structure of the Llangollen district as produced

by torsion, set up by stresses originating in the Caledonian move-
ments of Devonian times and continuing to act in later epochs.

In this paper the data are set forth, without emphasizing their

bearing on the torsional hypothesis.

Pre-Carboniferous Movements.

Viewed in the broadest outline, the area is embraced by the

following essentially pre- Carboniferous structures (fig. 1, p. 178) :

—

Clwydian Anticline—the north-eastward extension of the Harlech Dome.
Llanelidan Syncline—expressed by the Llanelidan Fault.

Mynydd-Cricor Nodal ^ Anticline.

Bryneglwys Synclinorium.

The Central Wales or Llandderfel Syncline.

Brjoieglwys Fault.

Cyrn-y-Brain Nodal Anticline.

Llangollen Synclinorium with the Corwen Buttress.

^ The anticlines defined as nodal bring to the surface Ordovician rocks,

which, by their superior toughness, appear to have acted as knots, or nodal
points, in the general earth-movement (see p. 212).

Q. J. G. S. No. 310. p
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Clwydian Anticline.—At the present time, the graben of

the Yale of Clwyd, with its stupendous eastern boundary-fault,

makes it difficult to appreciate the pre-Carboniferous structure.

However, the Lower Ludlow rocks of the Clwydian range and of

the country on the west of the Vale appear to form part of the

extension north-eastwards of the great Harlech Dome. The axis

of the anticline probably strikes east and west in this region, and
appears to lie somewhere in the latitude of Moel-Famau, where
Wenlock Beds are found.

Although the initiation of the depression of the Yale of Clwyd
probably took place in pre-Carboniferous times, it did not obliterate

the effects of the folding. The rocks on each side of the Yale

appear to have formed part of a local dome on the axis of the

great Harlech upfold: for in the Nant-Clwyd area, west of the

Yale, the folds pitch westwards, whereas in the Clwydian range

they pitch eastwards. Further, in conformity with this general

doming, we find in the Nant-Clwyd area that the leintioardinensis-

beds cover most of the ground, while they also probably occupy

the easternmost part of the southern end of the Clwydian range.

Llanelidan-Fault Syncline.—In view of the facts just

related, it is held that in pre-Carboniferous times a synclinal

tendency existed between the Cl'W'ydian anticline and the dome of

Mynydd-Cricor. This tendency found its expression chiefly in the

Llanelidan Fault, which strikes almost due east and west between
the present trough of the Yale of Clwyd and the surviving half of

the Cricor dome, and ultimately passes between the Millstone Grit

of Moel-G-aregog and the Ordovician of Cyrn-3^-Brain. Con--,

siderable movement has taken place in post- Carboniferous ages

along this fault ; but it was one of the great master-faults in this

region in Devonian times. The displacement produced by it has

probably always been lateral rather than vertical, the block of

countiy south of it travelling eastwards relative to that on the

north. At the same time, it is probable that it conformed to the

synclinal tendency by a downthrow northwards: for north of

the Llanelidan Fanlt the Carboniferous Limestone rests upon the

higher part of the Lower Ludlow, while, south of that fault, on

Cyrn-y- Brain it lies upon Ordovician. It must also be pointed out

that the Limestone crosses the Cyrn-y-Brain anticline by trans-

gressive overlap, much of the lower part being absent. The post-

Carboniferous movement along the Llanelidan Fault is, therefore,

less than is suggested by the displacement of the outcrops (from a

point immediately west of Minera to a mile and a half south-west

of Llandegla).

Mynydd-Cricor Nodal Anticline.—In the area between
the Llanelidan and the Brj^neglwj^s Faults the dominant sti'uctural

feature is the periclinal dome of Mynjxld- Cricor, the northern

half of which is cut off by the Llanelidan Fault.

The core of Ordovician slates and grits of Mynydd-Cricor is
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followed on the east and south by a broad stretch of Valentian

Slates, dipping outwards, and broken by numerous faults.

On the south the dip is mainly southwards, but traced eastwards

the strike swings round through north-east to north until it is

almost north-north-west near the Llanelidan Fault. The change

in strike suggests the dragging-round of the beds by the westward
displacement of the block of country north of the Llanelidan

Fault.

The numerous faults affecting the area appear to be adjustment-

faults ancillary to this anti-clockwise twist. They slice across the

dome with strikes varying from almost north-west in the east to

north in the west. They throw down sometimes one way, some-

times the other. At the western end of the dome the arrangement
of the strata is more complicated. A triangular strip of country

is found there having the dip inwards towards the dome, from
which it is separated by a fault. As a result of this arrangement
the Wenlock is brought to lie against Ordovician a quarter of a

mile west of Cricor Farm ; while farther south, the Tarannon and
the Wenlock Series are in juxta^Dosition.

The rocks in this strip of country are affected on its south side

by two curved thrust-faults, convex towards the south and south-

west. The more southerly thrust forces Pen-y-glog Grit over the

Ludlow Series ; while the second, which may be termed the

Ffynnon-Tudur Thrust, carries Lower and U^^per Valentian over

the Grit.

Bryneglwys Synclinorium.—The general anticlinal struc-

ture of the Cricor dome gradually merges southwards into a

complex synclinorium, the axis of which runs east and west in the

neighbourhood of Moel-Truan, 2 miles west by south of Bryn-
eglwys. The structure hereabouts is similar to that of the

northern half of the Llangollen Synclinorium (see p. 213), and
the two regions occupy analogous positions with regard to the

Mynydd-Cricor and Cyrn-y-Brain domes respectiveh\ The simi-

larity of structure suggests that the two synclinoria are parts of

one structure, subsequently displaced laterally by the Bryneglwys
Fault.

Cyrn-y-Brain NodalAnticlin e.—The great anticlinal dome
of Cyrn-y-Brain constitutes a node of Ordovician rocks similar to,

though larger than, that of Mynydd-Cricor. Both nodes have
similar effects on the rocks to the south of them.

Cyrn-y-Brain mountain is covered to such an extent by peat and
heather, except around its periphery, that little can be made of its

internal structure ; but on its northern side there are patches of

Valentian involved in the faulting, which show that, as a whole,
the rocks are arranged as a periclinal dome. The large area

covered by the Ashgillian Beds makes it almost certain that the
anticline is complex in structure. The western end of the dome
has been faulted out of sight by the Bryneglwys Fault or fault-

p2
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plexus wliicli joins the Llanelidan Fault at Llandegla (see map,

fig. 5, p. 220). The faulting has locally produced considerable

shearing, the rocks being almost converted into mica-schists.

A broad outcrop of Lower Yalentian rocks occurs on the

southern side of Cyrn-T-Brain in which the rocks have fairlv-

unifoiTu southward dips ; but the structure may not be so simple

as it seems, for strike -faultinsr mav be easilv overlooked in so

monotonous a series. We know, in fact, that near Plas-uchaf the

"World*s-End Fault cuts out a large pai-t of the Lower Yalentian

in the eastern part of its com-se, and passing westwards it elimi-

nates much of the Tarannon Series.

The Tarannon outcrop belongs more naturally to the complex

northern half of the Llans^ollen Svnclinorium, and will be dealt

with under that head (see p. 213). It may be suggested, there-

fore, that the core of Ordovician and Lower Yalentian rocks acted

as the head of a ram that was thinist into the syncline of newer

strata, and produced the concertina-folding in them.
As in the case of Mynydd-Cricor. so on Cvrn-y-Brain, a number

of ti'ansverse adjustment-faults (probably partaking of the nature

of tear-faults) comply with the demands of torsional movement.
These faults have little effect on the tough Ordovician greywackes,

but become more conspicuous in the Yalentian. Their general

direction is usually more or less north and south.

Llangollen Svnclinorium (see Pis. lY A: Y).—This sti-uc-

tural element may be defined as embracing the broad outcrop of
Tapper Silm-ian rocks southwards fi'om Cym-y-Brain. across the

Dee Yalley, to the northern flank of the Ber^vyn anticlme with its

north-western butti-ess that projects towards Corwen. The syn-

clinorium is obhquely truncated on its north-western side by the

Brvneglwys Fault.

The synclinorium as a whole pitches eastwards, and its axis

sti'ikes between 10~ and 20' south of east roughly along the line

of the Dee Yalley.^ Xorth of this lies a complex limb in which
concertina-folding has taken place, the axes of the minor folds

having the same sti'ike as that of the whole synclinorium. South
of the axial line the sti'ucture is extremely simple, the rocks being

gently folded into a single, shallow, pitching fold. The average

angle of the pitch varies between d~ and 10" (PL lY).

The two stfuctm-al units conti-asted in the last paragi*aph

merge in reahty more or less one into the other in the axial region

;

but a convenient boundary may be found in the Llangollen Fault,

^ Tlie stmetiLre will be more readily understood if reference be made to

the map ("PL Y) and serial sections (PL IV). It must be pointed ont again

that, owing to the absence of easily traceable horizons in the monotonons
Denbighshire Series, and to the complexity of the stmctnre. both map and
sections are to some extent generalized. The generalization is, however,

based npon an enormons number of observBtions made during the re-snrrey

of the area. Even so, the boundaries of the subdivisions suggest a degree of

certainty that is unjustifiable.

I
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which, with a large downthrow northwards, strikes east 10° south

roughly parallel to the axis. Throughout the synclinorium the

cleavage has a general strike of east 10° to 20° south.

Before we enter upon the details of the folding, it will be well

to describe the major faults.

Parallel to the Llangollen Fault and about 2 miles south of it,

runs another master-fault, the Gljn-Ceiriog Fault, which also

throws down northwards. The parallelism of these two faults

with the direction of folding and cleavage emphasizes their con-

nexion with the stresses that caused both. It is thought that in

both cases the initiation of the fault may have been connected

with the bending-down of the Llangollen Basin, and that possibly

they may be in the nature of 'undertow faults.' But, at any rate

in the Llangollen Fault, such movement appears to have been

accompanied and succeeded by lateral movement Avestwards of the

block on the northern side of the fault.

This movement appears to have induced a series of adjustment-

faults with a general northwestward trend springing from the

master-faults. In some of these an apparent eastward downthrow
may in reality represent a northward lateral displacement of the

block on the east of the fault. Other of the adjustment-faults

counteract the effect of the pitch of the synclinorium by throwing

up eastwards, thus allowing its great length to be compatible with

a steep pitch throughout.

Of the adjustment-faults springing from the Llangollen Fault,

the most important are the Aqueduct Fault (separating Carboni-

ferous from Silurian north-east and north of Llangollen), the

Llandynan Fault, and the Khagatt-Hall Fault ; while the following

are connected with the Grlyn-Ceiriog Fault:—The Castle-Mills

(near Chirk Castle), the Pont-fadog, the Nant-Fridd-isel (near

Carrog), andtheBonwm (near Corwen) Faults, as well as a number
of less conspicuous ones (see fig. 1 & PI. V).

The complex folding of the northern limb of the synclinorium

may now be dealt with in somewhat greater detail. Abandoning
the consistently southward dips observed on the flanks of Cyrn-y-

Brain, the rocks, from the Tarannon slates upwards, become
involved in a type of structure best described as ' concertina-

folding' (see sections, PL IV).

Upfold and downfold follow each other in rapid succession,

with their axial planes nearly vertical and sometimes reversed.

The packing of the folds has gone so far in places that an isoclinal

structure has been produced. The height of the folds does not

seem to be great, and sometimes the bottom of one fold and some-

times the top of another are found at the surface, dissected for us

by the deep valleys.

As the axial area of the sjaiclinorium is approached, flatter dips

become the rule, although in places sharp buckling disturbs the

gentler folds. This is well seen near the gorge of the Dee at
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Berwvn, on a large scale ; wlnle a miniature reproduction of the

sharp buckle superimposed on a gently pitching fold may be
studied on a few square yards of rock laid bare in the bed of the

Dee when the river is low, at a point a quarter of a mile below
the ' Chain Bridge.'

It is natiu'al to expect a considerable amount of faulting and
thrusting to accompany this concertina-folding ; but, although
there is doubtless far more strike-faulting than has been discovered,

it is probable that the materials were extremely plastic at the time
of the movement. In some cases it may be seen in quarry-

sections that the beds can pass from a horizontal into a vertical

position within a few yards by folding. ^ Yet we feel that the

sections in PI. IV would more nearly conform to the truth if they
showed more faulting in the steep limbs of the folds. The faults

that are shown were either observed in the field, or else were
inferred with considerable certainty fi"om a study of the strata

mapped.
A small area round Moel-y-faen may be chosen to illustrate the

structui'e of the whole northern limb of the synclinorium. The
map (PL III) shows that the surface-expression of the concertina-

folding is, at first sight, puzzling in the field, owing to the

singularly rapid changes in the amount and direction of dip that is

observable. But, when carefully studied, the variability resolves

itself thus :—Belts of country varying in width from 100 yards

to about half-a-mile, and often with nearly parallel boundaries, run

across country in a dii-ection 10^ to 20" south of east. In alter-

native belts very steep dips (stippled on the map) and very gentle

dips (plain) are found. "Within the belts of steep dip the strike

is consistently east and west, while in the belts of low dip the

strike varies, but the dip usually has an easterly component. The
former represent the steep flanks of the tightly-packed and
sometimes isoclinal folds and overfolds, the latter their crests and
troughs. In the belts of low dip, the easterly comp)onent is im-

parted by the pitch (partly original and partly due to a general

tilt of the whole region that finds expression in the eastward dip of

the Carboniferous). In the steep flanks of the folds this eastward

pitch is masked, although it accounts for the difference between

the strike of the individual beds (east and Avest) and the run

of the belt of high dip (east 10° to 20° south).

It is perhaps unnecessary to describe in detail the map
(PI. III). It should be read in conjunction with the sections

in PI. lY (3rd, 4th, & 5th from the top). Xor is it proposed to

describe the rest of the complex limb of the Llangollen Syn-

clinorium, which is suiBciently illustrated by Pis. lY & Y. with the

^ Tke plasticity of the rocks as a wliole has foitnd expression in a variety

of minor structures, such as slickensides and grooving along the bedding-

planes, movement- surfaces bet"^een cleaved shale and almost uncleaved silty

sandstone, internal contortion of sandstone-bands, the drawing-out of sand-

stone-bands into sausage-like lenticles, etc.
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exception of the Caer-Drewyn area in the angle between the

Brjneglwys and Llangollen Faults.

Caer-Drewyn Hill forms part of an area shaped like an isosceles

triangle, lying between the converging Bryneglwys and Llangollen

Faults which form its two long sides, and the Rhagatt-Hall Fault,

which forms its base (fig. 4, p. 216). It occupies a position

analogous to that of the patch of Tarannon shale lying between

the converging Llanelidan and Bryneglwys Faults, south-east of

Llandegla (p. 219) ; but, owing to the different rocks and
movements involved, the resulting structure is somewhat different.

The rocks in the apex of the triangle and along the southern

(or Llangollen Fault) side are concealed by drift and alluvium, the

exposed rocks consisting of A^alentian Slates and Pen-y-glog Slates

and Grrits. It seems probable that the rocks thrown down by the

Bryneglwys Fault on its northern side also had a horizontal move-
ment south-westwards; while those south of the Llangollen Fault

(also throwing down north) travelled eastwards. The stresses

involved squeezed the rocks in the triangle, and set up a movement
of revolution in an anti-clockwise direction. The resistance of the

tough Wenlock grits to the pressure apparently caused them to

buckle into a syncline, and finally to break and to be overridden,

except along the base of the triangle, by the underlying shales.

The boundary between the grit and the shales is everywhere shown
by the mapping to be a fault.

^

Simultaneously with the squeeze came the attempt at revolution

which caused the rocks to fracture by transverse faults. The
thrusting appears to have taken place to a greater or smaller

degree in the strips between these faults, at some points bringing

the Lower Wenlock Shales, at others different horizons of the

Tarannon Shales, against the Grrits.

South of the Llangollen Fault, the adjustment-faults and the

simple pitching synclinal structure have already been noted ; but
the western termination of the fold is also of interest, and may
now be described.

Corwen Buttress.—The syncline passes westwards into a

projection of the Berwyn anticlinorium that may be appropriately

termed the Corwen Buttress. It occupies the high ground
west of the Bonwm Fault and south-east of the Bryneglwys Fault,

while the Llangollen Fault forms a convenient northern limit. It

is an anticlinal spur separating the Central Wales (Llandderfel)

Syncline from the Llangollen Synclinorium.

The whole of the ground has not been thoroughly examined

;

but it appears probable that it is occupied by shallow rippling

folds which give a very broad outcrop to the Ashgillian and Lower
Valentian beds that form it. The outcrop of the Corwen Grit on

^ The interpretation of this fault as a thrust furnishes the only reasonable
explanation of the geological map.
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the map (PL V) brings out this rippling structure which, as it

approaches the Dee Valley, becomes very much complicated by
faulting (fig. 4), as was shown many years ago by Dr. Groom &
Mr. Lake.i Of the faults, the east-and-west faults are now seen to

be parallel to the Llangollen Fault and probably part of it, while

the others may be grouped with the north-west or north-and-south

adjustment-faults. 2

The buttress doubtless operated to some extent as a resistant

mass, comparable in its effects to the Cricor and Cyrn-y-Brain

domes, and like them it has been truncated by the master-faults

where it merges into the adjoining synclinal structures.

Berwyn Nodal Anticline.—The northern fringe only of

the Berwyn Anticline falls within the scope of this paper. The
region to be described may be said to be introduced by the Glyn-
Ceiiiog Fault to which reference has already been made (p. 213).

The fault throws down northwards, and may also represent a west-

ward movement on its north side ; but its exact position and
amount of displacement is not determinable with certainty. In
the Moel-Fferna region it can be fixed fairly closely by reference

to the easily recognizable grits and pale slates ; but it is rather

inferred than proved between the Moel-Fferna Slate-Mine and
Glyn-Ceiriog, although from place to place signs of faulting have
been noted. In the Glyn district it may have been touched in

the Wjmne Slate- Quarries, and its course down the valley to

Llwjai-mawr is obviously implied by the abrupt termination of the

Pen-y-glog Slates, the Yalentian, and the Glyn Grit, on the south
side, and the introduction of the Glyn-Dyfrdwy stage on the north
side of the valley. This was not appreciated by Dr. Groom and
Mr. Lake, and appears to nullify some of their arguments for the

movements postulated for the Cae-mor Fault.^

Near Dol-y-wern the Glyn-Ceiriog Fault probably divides into

three branches, the westernmost of which is the Cae-mor Fault
of Groom & Lake. It is not certain by any means which • of

the three lines forms the true continuation of the Glyn-Ceiriog
Fault towards the south-east. If it be the Cae-mor, there is an
abrupt change in strike of the fault ; and it is more likely that the

middle branch which runs into the greatly disturbed region west of

Craignant was in pre-Carboniferous times the most important
structural fault. On the other hand, the northernmost branch
swings round into a fault-line of great importance in post-Carboni-

ferous times, which passes across the coalfield at Chirk. The
ground east and south-east of Dol-y-wern is complex, and ob-

scured by Glacial drift. No attempt at finality can be claimed
in the solution of the faulting hereabouts, and therefore we do not

1 Q. J. G. S. vol. xlix (1893) pp. 426-39.
^ The part of the map (fig. 4) neighbouring' Corwen incorporates that of

Groom & Lake with modifications in mapping by the present authors.
3 Q. J. G. S. vol. Ixiv (1908) pp. 585-87. They spell it ' Cae-mawr.'
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proj)ose to criticize or discuss the nature of the Cae-mor Fault as

described by Dr. Groom & Mr. Lake, beyond claiming that it does

not pass northwards of Llwyn-mawr, for the mapping of the rocks

on the valley-sides noi-th of Dol-y-wern precludes the possibility

of this.

South of the Glyn-Ceiriog Fault the same simple structm-e noted

bet\yeen it and the Llangollen Fault persists. The gentle north-

ward dip steepens somewhat, it is true, and a greater number of

adjustment-faults can be proved in the older rocks, which are

possessed of more distingiiishing qualities than is the Lower Ludlow
Series. The faults rano-e from almost north-and-south in the

west to north-west and even west-north-west in the east.

The simplicity of the structm-e appears to be disturbed in the

eastern part of the area by the Dolhir strike-fault at the base of

the Ashgillian. This fault has ah-eady been discussed on p. 189.

It may be noted, howeyer. that it has the same general strike as

the Llangollen and Glyn-Ceiriog Faults, and is a thi-ust.

Probably other strike-faults occur in this area, but none of any
magnitude have been definitely proved. The thinness of the

Yalentian at the outcrop near Glyn-Ceii'iog perhaps may be due to

such a fault (p. 199).

Caledonoid Structures.

All the structures so far considered are related to folding on

almost east-and-west axes. There are, however, two south-west

and north-east (' Caledonoid,' as the late Prof. Charles Lapwoi*th

would have called them) features of prime importance to the

district.

(a) Central Wales or Llandderfel Syncline.—The fii'st

may be called the 'Llandderfel,' or, better, the 'Central Wales
Syncline,' for it is a continuation of the downfold to which Prof.

0. T. Jones 1 gave the latter name farther south. The syncline

lies for the most part outside the area under description. The
Dee Yalley follows it from Llandderfel to Corwen. Its influence

is seen in the westward pitch of the western end of the Berwyn
Dome. The downfold cannot be definitely traced north-east of

Corwen. Two explanations of its disappearance seem possible

:

either the fold has been bent on the fulcrum of the Corwen
Buttress into an east-and-west structure (the Llangollen Syncli-

norium) ; or the synclinal tendency has found expression in the

westward downthrow of the Bryneglwys Fault between Corwen
and Llandegla, and in the synclinal an-angement of the strata

between Mynydd-Cricor and Cyrn-y-Brain (pp. 219, 220).

(h) Bryneglwys Fault.—The second great 'Caledonoid'

^ ' The Geological Structure of Central "Wales & the Adjoining Eegions

'

Q. J. G. S. vol. IxTiii (1912) pp. 328-44.
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structure is the fault which ranges obliquely across the Central

Wales Syncline from Llandderfel to Corwen, and thence (as shown
in PI. V) to Llandegla. The part lying within the district described

in this paper has been named the Bryneglwys Fault, although,

according to the Old Series maps, it is merely part of the great

Bala Fault. Until this interpretation has been confirmed, a local

name appears preferable. At Llandegla it joins the Llanelidan

Fault, and the two pass as one across the northern side of

Cyrn-y-Brain, and so into the Carboniferous country on the

north-east.

The Brjmeglwys Fault is in reality a plexus of subparallel

fractures that enclose lenticular strips of various rocks. The
nature of the fault can be best studied near Llandegla, and is

illustrated in fig. 5 (p. 220). Here we find in the angle between

the converging faults a triangular patch of Tarannon Shales,

Probably the rocks north of the Llanelidan Fault moved west-

wards, and those south of the Bryneglwys Fault eastwards, relative

to the block in between. The Tarannon Shales, squeezed between

the two faults, have been tilted towards the Bryneglwys Fault, and
thrust westwards over the lowest Wenlock zones, which either dip

towards, or strike against, the junction. Farther west and south-

west these Wenlock rocks form a (probably convex) syncline, the

axis of which runs nearly due north and south, but is slightly

curved so as to be convex westwards. Its axial plane is inclined

eastwards. In the centre of the syncline Ludlow rocks crop out.

This area seems to have been subjected to a clockwise movement
which has twisted round the cleavage nearl}^ 90° from the normal

direction (see p. 221), so that it now strikes about due north and
south and dips westwards.

The triangular patch of Tarannon Shales, which we have just

shown to be bounded by a thrust on the west, is faulted on the

north by the Llanelidan Fault against a wedge of high-zone

Carboniferous Limestone, which itself is separated by a secondary

fracture on its north side from the Cefn-y-fedw Sandstone, south

of Llandegla.

The multiple nature of the Bryneglwys Fault-fracture is well

seen on the south-eastern side of the triangle of Tarannon Shales.

Here we find strips of Middle or ' White ' Limestone and of Cefn-

y-fedw Cherts dropped down between the above-mentioned Tarannon
and the Ashgillian of Cyrn-y-Brain. The main branch of the

Bryneglwys Fault between the Limestone at Craig and the Ash-
gillian is concealed by Boulder Clay, though indicated by a fine

series of swallow-holes.

The south-easternmost branch of the Bryneglwys Fault can be

traced subparallel to the main fault across the north-M^estern flank

of Cyrn-y-Brain. It cuts off a corner south-east of Llandegla,

and produces the shatter-belt along which the Hafod-dafalog
stream has excavated its deep valley.

For long distances south-westwards the line of the Bryneglwys
Fault is masked by Grlacial drift that obscures the flat-bottomed

hollow in which it lies.
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Speaking generallTj the apparent aggregate throw of the fault-

plexus is down to the north-west. Thus it truncates the Coi-^ven

Buttress, bringing Silurian and Carboniferous agamst the Ordo-
vician ; it cuts across the Llano-ollen Svnclinorium so that leint-

wardinensis beds which only crop out in the heart of the basin

Fisf. o.

SSO Yards

l/o Miles

300 Feet^above O'.P."-

Quarry Graig

Seccion along- the line A. B.C.

near Llangollen, reappear in the BryneglwYs area. Again, it

shears across the western and northern sides of the Cyrn-y-Brain

Dome, in such wise that Yalentian and Carboniferous rocks lie

against the Ordovician. In the Carboniferous it produces a great

displacement westwards on its northern side.
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The exact nature of the movement which produced these apparent

displacements is not quite clear. Where the Bryneglwys and

Llanelidan Faults become one, there seems evidence of a southward

crushing from the north, producing a sort of thrust, but not

necessarily an overthrust ; for, concurrently with this, there was

relative movement of the block of country south of the fault in

an eastward direction. A similar lateral movement doubtless

occurred along the Bryneglwys Fault south-west of Llandegla.

Despite its Caledonian trend, the Bryneglwys Fault owes its

conspicuous displacement to post-Carboniferous movements ; and

it is by no means easy to decide the function Avhich it played in

the Devonian dislocations. There is no doubt, however, that it

was even then one of the master-faults of the region.

Cleavage.

The Devonian movements subjected all the Lower Palaeozoic

rocks of this district to forces that produced cleavage in them, in

greater or less degree according to their nature and their position

in relation to the folds.

Over the greater part of the area, there is a marked agreement

in the strike of the cleavage with the strike of the folds and
buckling, so that a direction between east 10° and 20° south is

normal. The dip is northwards and, except south of the Llan-

gollen Fault where it is consistently about 30°, it may be said

elsewhere to average 60° to 70°, although occasionally it is as low
as 30° or as high as 85°. The northward dip suggests that the

cleavage-forces (and therefore also the forces producing the folding)

acted from north to south. The movement was, in our opinion, a

superficial southward displacement relative to a more powerful and
deeper-seated northward or northwestward Caledonian movement
in areas not far removed from, or even underlying, this tract of

countr}^. The presence of a thorough, though low-dipping cleavage

in the very gently folded rocks south of the Llangollen Fault and on

the flanks of the Berwyn Anticline may, perhaps, be cited in favour

of such an origin for the cleavage-forces. Be this as it m^j, the

occurrence of good roofing-slates in beds in which the true dip

is 10° to 15° and the cleavage-dip about 30°, both northwards, is

remarkable and difficult to explain. Yet these conditions hold

throughout the outcrop of the Pen-y-glog Slates from Carrog to

Glyn-Ceiriog.

Post-cleavage faulting has upset the general direction of cleav-

age-strike and dip in a pronounced manner in the area between the

Llanelidan and Bryneglwys Faults, eastwards from Llanelidan and
Bryneglwys ; in many cases the strike has been rotated from east-

and-west to about north-and-south, so that the dip is now west-

wards. In such cases the true dip and strike of the folded rocks

have undergone a similar alteration, and it is obvious that the

whole block defined by the faults has rotated, probably in post-

Carboniferous times. This is well illustrated in fig. 5.
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The cleavage movements have produced a variety of minor
structures of interest, Avhich space forbids us to describe here. It

may, however, be pointed out that these structures usually occur

where hard and soft bands are interbedded. It is characteristic

of this district that the effect of the pressure has usually been to

break up the harder bands into phacoidal fragments, rather than

to produce contortions of these bands as a whole. It is by the

shuffling of the phacoidal fragments that the necessary adjustment
appears to have been brought about.

V. The Pre-Caeboi^ferous Floor.

The folding, faulting, and cleavage so far described formed part

of the Devonian mountain-building. Vigorous erosion accompanied
and followed the elevation, and eventually produced a peneplain.

But we can still see in the form of the floor upon which the

Carboniferous rests, the influence of the major tectonic features on

tlie then-surface relief ; for the anticlinal areas tended to stand out

as hills, and the synclinal areas as depressions. On the line of the

Llangollen Synclinorium the red Basement Beds occur, followed by
the maximum thickness of Carboniferous Limestone, susrorestinsr

that here was a bay opening eastwards. The successive overlap of

higher and higher beds against the anticlinal area of C3a'n-3^-Brain

can be clearly seen on the north (see p. 210), while southwards

towards the Berwjai Dome the thinning of the Limestone is even

more rapid. The steeper submarine contours on this side of the

ancient bay may have been related to the Llangollen Fault.

It has already been pointed out, in passing, that much of the

movement along the Llanelidan Fault took place in pre-Carboni-

ferous times. This may be argued from the fact that the Lime-

stone lapping round the northern slope of the Cyrn-y-Brain and
Cricor Domes transgresses rapidl}^ from the Ordovician on to the

higher part of the Lower Ludlow rocks.

In a similar way the assumption of movement along the Bryn-

eglwys Fault in pre-Carboniferous times helps to explain the

occurrence of the Carboniferous Limestone at C.orwen. Were it

not for this possibility, the amount of movement required to

introduce it there, by faulting, would be stupendous.

VI. Post-Devoxiax Modieicatioxs.

The discussion of the post-Devonian changes is difficult, because

miost of the evidence lies beyond the limits of the Lower Palaeozoic

outcrops, in the tectonics of the newer rocks on the east.

All the post-Devonian movements appear to be explicable on the

assumption of the continuous application of stresses, of varying

intensity, which found expression in {a) widespread warping, in-

fluenced by the major folds in the older series; and (5) renewed

mov^ement along already-established fault-lines.

Although the folding or warping had little effect on the Lower
Palseozoic substratum, the faulting that accompanied it produced
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great changes in its level, and by lateral movement, great changes

in the relative position of the blocks of country into which it vs^as

already divided. These changes are to some extent self-evident

from the map. Without going into the detailed structure of the

Carboniferous, we can make the following statements :

—

(1) All the master-faults (see PI. V) moved again, aitd the

fault-lines were propagated through the Carboniferous

cover as major faults.

(2) The adjustment-faults which adjoin the Carboniferous can

be shown to have moved, and by inference, therefore, all

the adjustment-faults probably did so.

(3) Many of the adjustment-faults are curved, both in the older

rocks (see PL V) and in the Carboniferous, and their

peculiarities can be best explained b}^ the assumption that

they result from the torsion of the region.

(4) The down-sinking of the Yale-of-Clwyd graben along the

Vale-of-Clwyd and Llanelidan Faults shows how a major

synclinal tendency was expressed at this time by faulting

rather than by folding.

EXPLANATION OF PLATES III-V.

Plate III.

Map of area round Moel-y-faen, illustrating the structure of the northern

limb of the Llangollen Synclinorium (see p. 214), on the approximate

scale of 1 inch to 6QQ yards, or 1 : 24,000.

Plate IV.

North-to-south serial sections across the Llangollen Synclinorium, on the

scale of 1 inch to the mile, or 1 : 63,360. (See pp. 212, 214.)

Plate V.

Geological sketch-map of the country around Llangollen, on the scale of

1 inch to the mile, or 1 : 63,360. [The distinctive colour-bars have been

accidentally omitted from the narrow strip of Cor^w^n Grit, south of

Bonwm.]

DlSCUSSIOlS^.

The Secretary read the following letter received from Mr.
Beei^aed Smith:—

' It should be pointed out that Dr. Wills had actually commenced to map
the Ordovician and Valentian rocks of Cyrn-y-Brain, in his spare time, before

it was decided to map the ground officially. He was therefore forestalled by
the Geological Survey ; and it was my fortune to have allotted to me certain

areas that he had planned to examine himself. Hence the collaboration that

has given rise to this paper. The area covered by the latter, however, is

much greater than Dr. Wills had contemplated mapping by himself, and the

combined experience of two, if not three, surveyors—gained not only in this

area, but in a more extensive field upon three sides of it—has been utilized.

' The structures now described may be taken as typical of what has
happened in the district : they are, however, but a portion of a more wide-

spread system in which a large part of North Wales is involved. It had
been hoped that another paper written by Mr. C. B. Wedd and myself, would
have been ready for communication to the Society at about this date, but that
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paper lias not yet been completely "written. In it an attempt is made to co-

ordinate the eartii-moyements and to explain their relations one to the other,

both in place and in time. The present paper describes the results of some
of these movements ; the future paper casts its net "wider, and also attempts
to give reasons for the moTements. Those movements that are mentioned in

Dr. Wills's and my paper can be more clearly demonstrated in the larger area
examined.

' If there is one point that requires emphasis at this stage it is this—that
the cleavage-planes induced by the Caledonian directional movements, in the
ground least disturbed by later faulting and torsional movement, dip invari-

ably north"wards. This points to a relatively greater north"ward movement in

depth than at the surface.'

Mr. C. B. Wedd congratulated the Authors, with whom he had
himself long been associated in Xorth AYales, on theii' success

in unravelling a complex and difficult piece of stratigraphy, and in

producing a very fine map. Dr. Wills had referred to certain

joint work on the tectonic structure of a larger district, by his

colleague Mr. B. Smith and the present speaker, who regretted

that that work was. not yet ready for presentation to the Society.

The Authors had been handicapped in their account of the

structure of the district by rekictance to use unpublished facts,

of which they had knowledge, in regard to neighbouring gi-ound

outside their area. For example, the Minera fault-belt was
essential to an understanding of the movements that had affected

the Llangollen basin. That fault-belt, lying a little farther east,

was a crescentic dislocation, extending with eastward convexity of

cmwe from the combined Llanelidan and Bryneglwi,'s Fault in the

north to the Llangollen Fault in the south. It showed how the

Llangollen Syncline, with the adjacent anticline north of it, had
been torn away from the eastern tract and slewed southwards by a

rotary movement to which the Authors had alluded. That faidt-

belt, proved by mining in the southern part of its course, where
such a movement should afford relief from pressure, consisted of a
' horst '-like arrangement of opposite throws, individually large,

but with no appreciable net result in vertical displacement, the

main movement having been chiefly in a horizontal du-ection.

The speaker had called Dr. Wills's attention to the significance

of an apparent displacement of the trough of the Llangollen

Syncline beneath the Carboniferous rocks by the agency of the

Aqueduct Fault, as shown by that Author's elaborate sections

across the valley.

Prof. 0. T. JoxES congratulated the Authors on the completion

of an admirable piece of stratigraphical work in a region of great

difficulty. He enquired whether it was still believed tliat there is a

break in the succession between the Caradocian and the Ashgillian;

if not, he would be inclined to suggest, in view of the developments

farther south, that the Blaen-y-cwm Beds will probably be found

to belong to the Dicellograptus-comjjlanatus Zone or to the

JD.-ancejJs Zone—in other words, to the L^pper Hartfell Group.

The correlation of the shelly and graptolitic facies of the Bala

was still far from satisfactory, and, in view of the undoubted
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Ashgillian affinities of the fauna in the succeeding heds, the

determination of the precise horizon of the shales would probably

throw some light upon the relation of the Ashgillian to the

Hartfell Group. A curious feature of the Upper Ashgillian fauna

was the association of Meristina crassa, formerly regarded as a

distinctive Lower Llandovery fossil, with undoubted Ordovician

trilobites, such as Chas?noj)S. In Britain such an association was
apparently found only in this district, and it might help towards

the comparison of the strata near the Ordovician -Silurian boundary
in Wales and in Norway where Prof. Johan Kiaer had united the

Meristiiia-crassa Beds with the Ordovician.

The brachiopods of the Valentian to which Dr. Wills had
referred were unfortunately very poorly preserved, and did not

afford as much help in the subdivision of the series as one would
like.

The structure of the region was extremely interesting, and was
quite unusual for Wales. It seemed probable that the deviation

of the folds from the usual north-east and south-west into the

east-and-west direction was accounted for by the region being

beyond the protective influence of the rigid masses of North Wales,

and that the rocks had therefore been wrenched out of their usual

direction. It was not, therefore, surprising that the Authors had
found evidence of considerable torsional structures and lateral

movement in the district.

The terms used in describing- some of the structural elements

appeared to have a theoretical implication which Avas not quite

clear. Such were the ' nodal anticline ' of Myn3^dd-Cricor and
Cyrn-y-Brain and the ' Corwen anticlinal buttress.' He would
like to know what was implied by the term ' nodal anticline ' and
AV'liat was its influence upon the structure. The expression
' buttress ' appeared to imply that it had in some manner influenced

the folding of the adjoining country ; whereas it seemed clear that

this anticline was the result of the same folding movement as that

which affected the rest of the counfay, but that the stresses in the

eastern region are different from those on the west.

Dr. T. T. Geoom said that he had listened with great interest to

Dr. Wills's lucid description of the Authors' work on the district.

The structure, at any rate of the southern part of the area, with
which alone he Avas familiar, Avhile of much apparent simplicity,

was in reality far from simple, and the Authors Avere to be con-

gratulated on the achievement of a notable piece of Avork. The
speaker Avas gratified by Dr. Wills's generous appreciation of his

joint Avork Avith Mr, Lake, and by the close agreement Avith this of

the Authors' independent researches. There seemed, indeed, to be

few points of difference. He would like to ask the Authors
Avhether they had been able to prove definitely the identity of the

Glyn and Corwen G-rits, which Mr. Lake and himself had left an
open question ; and to have fuller evidence of a continuity of

deposition betAveen the Ordovician and the Silurian deposits, since

some of the facts seemed to be rather in faA^our of a break. With
Q. J. d. S. No. 310. Q
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regard to the Bala Series, lie welcomed the introduction of a group
of beds into the gap caused in the Ceiriog vallev by the Dolhir
Fault, which Mr. Lake and himself had only partly succeeded in

filling. He lastly suggested the importance of recognizing phases,

in such movements as the Caledonian, and remarked that the
evidence that had been given hardly sufficed to prove absolutely

the ' Devonian ' as^e of the earlier foldino- and faultinsr. and did not

seem to take into consideration the possibility that important

movements may have taken place in late Silurian or early Car-

boniferous times.

Dr. AYiLLS, in replying, expressed his gratitude for the kind way
in which the Fellows present had received the paper—gratitude in

which he knew Mr. Smith would join. Many j)oints had been
raised in the discussion, and he could only attempt to answer
some of them. Miss EUes's determination of the graptolites from
the Blaen-y-Cwm Beds—which were very distorted—suggested a

zone even lower than that of ^l.€urogra])iii8 linearis. She was,

he believed, re-examining them in the light of better-preserved

material from a similar stratigraphical horizon in the Southern

Berwyns—material Avliich appeared to indicate the Swedish zone

of Diplogrctjjtus pristis. The Authors thought that in the
western part of the Xorthern Berwyn outcrop, the sequence from
Caradocian to Ashgillian was probably complete ; but there was
not enough palseontological evidence to prove this conclusively.

The terra ' nodal anticline ' refeiTcd to the supposed function of

the anticlinal cores of Ordovician, as hard knots relative to the

less-resistant Silurian strata ; the term ' anticlinal buttress ' had
been suggested for the projection of the Berwyn Anticline, which
was necessitated b}" the sharp difference in strike in the Central-

Wales Syncline and in the Llangollen Synclinorium, and by the
pitch of the latter.

The Authors had traced the Corwen Grit from Corwen to Grlyn-

Ceiriog, and found that near Grlyn the massive uncleaved Conveii

Grrit overlies part of the Grlyn Grit ; but they regarded it as a

lithological variation of the upper part of the Glyn Grit of Glyn-

Cemos:.
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o. The Caeboj^iferous Limestone (Ayoxiais^) of Bkoadfieli>

Down (Someeset). By Fredeeick Steettois^ Wallis^

M.Sc, F.a.S. (Read Januaiy 18th, 1922.)

[Abstract.]

Thk greatl}^ denuded periclinal uplift of Broadfield Down is

mapped and described in terms of Vauglian's system of zonal

classification of the Avonian. All zones, with the exception of K,
are present, and subzones Z^ and D^, hitherto unrecorded from this-

area, are proved to occur.

A well-marked faunal assemblage (' Fossiliferous Level'), of nO'

great vertical extent, is described from the top of S^, and is shown
to constitute in this area a datum-line, useful in the field, for the

determination of the junction between the S^ and S.^ subzones.

Pustula elegans (M'Coy) is here for the first time recorded

from the S^ subzone in the eastern part of the South- Westeni
Province.

Both lithologically and palseontologically the area liolds an inter-

mediate position, and forms a link between the developments of

the Bristol and the Mendip areas. Thus C^ of Broadfield Down
is composed of fossiliferous, massive, grey limestones similar to-

that of C, of the MendijD area, while the lower part of C^ is directly

comparable Avith the Laminosa Dolomites of the Bristol area.

The non-occurrence of igneous rocks at the head of G-oblin

Coombe, where normally they would be expected to occur, is

explained by a system of thrust-faulting from the South.

Discussion.

Prof. S. H. Reynolds referred to the fact that, almost wherever
detailed mapping of the Carboniferous Limestone of the Bristol

district was undertaken, evidence of reversed faulting of pre-Triassic

date was obtained. By considering certain other faults of G-oblia

Combe to be reversed, the Author had provided an adequate explana-

tion of the non-occurrence of the igneous horizon at certain spots-

where evidence of its presence would have been expected.

Mr. E. E. L. Dixon remarked that, thanks to the inspiring,

work of Yaughan and the energy of Prof. Reynolds, the Bristol

school of geology, and other workers, a clear insight into the geo-

graphy of Lower Carboniferous time was being rapidly gained.

He was glad to see this important link between Bristol on the
north and the Mendips on the south so thoroughly described.

After asking for details of the lithological characters of Horizon y,.

he mentioned that the change in the facies of C^ and C^ as one
goes south from Bristol could be paralleled in Gower and Pem-
brokeshire. The thickening and also the ultimate disappearance
of the Caninict Oolite were results of the southward deepening of



*22S THE AYO^'IAX OF BEOADFIELD T^O^\S. [vol. Ixxviii.

the Lower Carboniferous sea. The disappearance of the lagoon-

phase in C,„ so "well-developed in the Avon Section, was due to the

same cause. He asked whether anything further had been learnt

as to the presence of sandstones and grits in the D Zone. These
became increasingly important, and entered at progressively lower

horizons of the Upper Avonian north of Bristol, until in the Forest

of Dean, as Principal T. F. Sibly had shown, and on Titterstone-

Clee Hill, they constituted practically the whole of that formation

which, in consequence, had in those two districts the characters of

Millstone Grrit, and as such had been described. The northward
increase of sand and pebbles indicated that the Bristol district

lay in Upper Avonian times of£ the mouth of a southward flowing

river.

The Author thanked the FelloAvs for their kind reception of his

paper, and, in reply to Mr. Dixon, said that Horizon 7 was well

defined in Broadfield Down, and consisted entirely of limestone of

the ' petit granit ' type. The exposures in the D zone were scanty

and poor, and included no arenaceous type of sediment such as

occurred at Wickwar (12 miles north of Bristol), and to a less

degree in the Avon section.

The pre-Triassic landscape was being revealed by erosion in

all the Carboniferous-Limestone uplifts of the Bristol district.

]\Iany of the old pre-Triassic valleys were still lilled up with
Dolomitic Cong^lomerate.

[July 4tli, 1922.]
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I. Introduction.

In the years 1910 & 1911, the officers of the Scottish branch of

H.M. Geological Survey, while engaged on a survey of that portion

of the Island of Mull which lies south of Loch Scridain, were
impressed by the great number of minor intrusions of a tholeiitic

and andesitic character which penetrate the western part of the
Tertiary lava-field. These rocks were described as being, for the

greater part, of one type : namely, olivine-free dolerites or tholeiites,

of which many have pitchstone centres, and in which a sheatli-

and-core structure is frequently developed.^

Mr, E. M. Anderson noted the occurrence within them of

xenoliths of apparently fused or baked sandstone, and also recorded

certain nodular masses of bytownite and some ferromagnesian

mineral which he compared with similar masses, collected by the

late C. T. Clough and described by Dr. J. S. Flett, from a tholeiitic

intrusion at Traigh Bhan an Sgoir^ (Traigh Bhan na Sgurra,

Locality 11, fig. 1, p. 230).

^ B. Lightfoot, ' Summary of Progress for 1910' Mem. Geol. Surv. 1911,

p. 30 ; E. M. Anderson, ' Summary of Progress for 1911 ' Mem. Geol. Surv.

1912, p. 34.

^ ' The Geology of Colonsay & Oronsay, with part of the Ross of Mull

'

Mem. Geol. Surv. 1911, p. 92.
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In 1912 Mr. Anderson discovered in the bed of a tributary of

Abhuinn nan Torr (Locality 2) an exposure of a rock that con-

tained abundant small plates of a deep-blue mineral. The rock

was submitted to me for examination, and, after isolation, the

blue mineral proved to be corundum of the sapphire-variety.

Further work on this locality, and some excavation, yielded a

series of most interesting specimens that proved clearly the abnormal
and intensely xenolithic character of the rock in question ; but the

relation of the xenolithic mass to the surrounding rocks was unfor-

tunately obscured by surface-accumulations.

Later in the same year, Mr. G. V. Wilson & Mr. D. Tait^

observed sapphire-bearing xenoliths among the beach-pebbles on the

shore of Carsaig Bay, south-west of Carsaig village ; following

this clue, they detected the parent source of these xenoliths in a

composite sill that cuts through the Jurassic sandstones and
Tertiary lavas about a mile and a half south-west of Carsaig, and
forms the low promontory of liudh' a'Chromain (Locality 1).

As the survey of the western portion of Mull progressed, other

sills with sapphire-bearing xenoliths were encountered by E. M.
Anderson & C. T. Clough ^

: most of them lay, as before, in the

peninsular region south of Loch Scridain ; but a few others occurred

on the northern side of the Loch, in the neighbourhood of Tiroran.

All the material collected by the officers of the Survey was
handed to me for examination, and was supplemented by collections

which I made when visiting the island in 1913 and 1914.

The beauty of the xenoliths and the occurrence of such meta-
morphic minerals as corundum, spinel, sillimanite, cordierite, and
anorthite make these inclusions in themselves pre-eminently worthy
of petrographical description ; but, at the same time, an almost
unparalleled opportunity offers itself for the study of the progressive

metamorphic changes wrought in xenolithic material by an igneous
magma of basic composition.

The object of the present communication is, therefore, twofold :

first, to describe in some detail the complex mineral assemblages
that constitute the xenoliths of these tholeiitic intrusions ; and,

secondly, to discuss the relation of the individual minerals to each

other and to the igneous magma that chemically and physically

controlled their formation.

II. The Ii^TRrsiONs.

General Description, Distribution^ and Petrography.

All the xenolithic intrusions that form the subject of this paper
occur relatively close together in the south-western portion of the
Tertiary lava-field, in that part of the Ross of Mull which lies

between Carsaig and Penn3^ghael on the east, and Bunessan on the
west. Also, to a less extent, they have been met with north of
Loch Scridain, around Tiroran in the peninsula of Ardmeanach.

1 'Summary of Progress for 1912 ' Mem. Geol. Surv. 1913, pp. 48 & 66.
^ 'Summary of Progress for 1914 ' Ibid. 1915, p. 34.

ii2
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List of Localities.

1. Rudh' a'Chromain and Nuns' Pass, Carsaig.

2. Bed of small stream, tributary to Abhuinn nan Torr, 1100 yards north
of the cairn on Mullach Glac an t'Sneachda.

3. Streamlet on the northern side of a plantation, 1 furlong north of

Feorlein Cottage, Carsaig.

4. Old Road, 100 yards north-west of Feorlein Cottage, Carsaig.

5. Close to Beach River, 500 yards above the junction with Abhuinn an
Easa' Mhoir,

6. Coast, 1165 yards slightly north of west of Ormsaig.
7. 2600 feet east-south-east, and 1850 feet south-east by south of

Kilpatrick.

8. 2560 feet north-north-east by north of the northern end of Eilean Ban.
9. 1980 feet north of west of Ardchrishnish.

10. 1150 feet east-north-east of Lochan a'Phuill.

11. 55 and 85 yards north-east of the north-eastern end of Traigh Bhan an
Sgoir.

12. Shore, a quarter of a mile south-west from the mouth of Allt na Coille

Moire.

13 & 15. Allt a'Mhuchaidh, 100 yards above the bridge.

14. 400 yards south of Seabank Villa.

16. Abhuinn Bail' a'Mhnilinn, 100 to 200 yards above the bridge.

17. 700 yards south-west of Tiroran.

To the foregoing list could be added man}'- other localities within

the same region, but those enumerated afford thoroughly repre-

sentative examples, and will be found sufficient for investigators

who wish to study these intrusions in the lield. Further, it is from
these localities that the bulk of the xenolithic material has been

collected ; and, in order to guide future workers, they have been

indicated on the appended small-scale map (fig. 1, p. 230)^ under
their respective numbers.

An excellent and fully exposed example of the xenolithic intru-

sions is the composite sill that forms the low promontory of E,udh'

a'Chromain, west of Carsaig (Locality 1) : here the components of

the sill can be studied in detail, and their relative ages demonstrated.

Further, the relation of the sill as a whole to the rocks into which
it has been intruded is particularly clear, and the occurrence is

easily located. For these reasons this sill may be taken as the

type with which to compare the other xenolithic intrusions, and its

petrography will be described in some detail.

It consists of an acid central member, 20 to 30 feet thick, which
is bounded on each side by lateral basic members of less, but

unequal, thickness. It may be traced across the foreshore and the

raised-beach platform to the cliff below Nuns' Pass, where it is

either faulted or rapidly cuts across the Tertiary lavas, to a position

in the cliff about 100 feet above sea-level.

On the west its basic lower portion is in contact with the

Carsaig Sandstone (Jurassic); but on the east the upper basic

^ A sketch-map showing the two original localities for sapphire-bearing

xenoliths was reproduced in the ' Summary of Progress for 1912 ' Mem. GeoL
Surv. 1913, p. 48.
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margin is chilled against an earlier intrusion of bostonite, which
separates it from the Carsaig Sandstone in that direction.

The details of the intrusion are illustrated in the sketches

(figs. 2 & 3, p. 234) made by Mr. D. Tait.

The central portion of the sill is a pale-grey rock, finely crystal-

line for the greater part, without any marked porphyritic con-

stituents. Locally, it is distinctl}?" hyaline in texture, and, like

many of the pitchstones of Mull, has developed the characteristic

' sheath-and-core ' structure of these rocks.

^

Xenoliths occur sparingly throughout its mass, but perhaps are

more prevalent in the somewhat less acid selvages that adjoin the

basic members on each side. The xenoliths are mainly of sand-

stone, and range up to 6 inches or so in longest diameter. Large
xenoliths of both shale and sandstone occur in a more central

position, and may measure several feet in diameter, with an average

of about 2 feet.

The basic marginal members of the sill clearly antedate the acid

interior. They differ somewhat one from the other in relative

thickness, and in the number and character of the contained xeno-

liths. In regard to texture, they appear to be fine-grained dark-

grey to dark-brown rocks, exhibiting a more compact facies at

their outer contacts with the Carsaig Sandstone and the bostonite

respectively.

The upper basic member is divisible into two zones. The outer

zone, about 4 to 6 feet thick, contains abundant cognate xenoliths

of gabbroid character. These xenoliths are of all sizes, from quite

small dimensions to a foot or so in diameter. The inner zone of

similar material, ranging from 2.| to 5 feet in thickness, is densely

crowded with accidental aluminous xenoliths of all shapes, which
range in size from an inch to 4 feet in greatest dimension. The
lower basic member of the sill is from 2 to 5 feet thick, and is

characterized particularly by the size and abundance of its cognate

xenoliths and the relative rarity of accidental xenoliths. The
concentration of cognate xenoliths in the lower portion of the

Traigh-Bhan-na-Sgurra sheet is a point worthy of notice in this

connexion.

2

The acid interior of the sill is, as a whole, a compact pale-grey

to brownish-grey rock, which, towards its external margins, for a

foot or two, darkens in colour, apparently becomes slightly more
basic, and carries numerous xenoliths of sandstone. These more
basic and relatively thin marginal portions are of the nature of

inninmorite, a type of Mull pitchstone characterized by the

presence of uniaxial augite and described in 1915 in the paper
already cited by Mr. E. M. Anderson & Mr. E. G. Eadley.^

^ E. M. Anderson & E. G. Radley, 'The Pitclistones of Mull & their

Genesis ' Q. J. G. S. vol. Ixxi (1915-16), p. 210.
^ J. S. Flett, ' Geology of Colonsay & Oronsay, with part of the Ross of

Mull ' Mem. Geol. Surv. 1911, p. 92.
^ ' The Pitchstones of Mull & their Genesis ' Q. J. G. S. vol. Ixxi (1915-16)

p. 209 ; see also A. F. Hallimond, ' Optically Uniaxial Augite from Mull

'

Min. Mag. vol. xvii (1914) p. 97.
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Where vitreous, the rock consists of small porphyritic crystals

of labradorite and less frequent uniaxial augite (usually pseudo-

morphed in serpentine or calcite) in a brownish glass traversed in

all directions by acicular crystals of augite and skeletal growths of

magnetite. In portions of the rock that have undergone greater

devitrification the ground-mass carries the same phenocrysts and
acicular augite, but may be seen to contain alkali-felspar and
quartz. The central and greater portion of the acid interior is a

grey rock, locally vitreous and often showing the ' sheath-and-core
'

structure characteristic of many of the Mull pitchstones.i The
acid portions varj^ from rhyolite to felsite, but are always very

closely related to rocks classed with the extremely acid types of

inninmorite. They consist of small porphyritic crystals of acid

labradorite in a glassy base which, like that of the inninmorite, is

traversed by blade-like crystals of a greenish augite. Even in the

glassy portions (PL VI, fig. 1) small devitrified areas are of

frequent occurrence, and are composed of felspar-crystals, of less

basic composition than the phenocrysts, which are often grouped in

a radial or subvariolitic manner.
When more completely devitrified (PI. VI, fig. 2) the rock is

lighter in colour; the base contains little glass, its place being

taken by a feathery felspathic mass which is still traversed by the

acicular crystals of augite, but holds (in addition to acid plagio-

clase) some orthoclase and a little free quartz.

The analysis of a felsite closely related to inninmorite, made by
Mr. F. E,. Ennos, of the Government Laboratory, and tabulated in

col. 1 of the analyses on p. 236, although from another locality,

may be taken to represent closely the composition of the acid

interior of the Kudh' a'Chromain sill.

The normal stony basic portion (PI. VI, fig. 4) consists of some-
what elongated irregularly-formed crystals of aluminous augite,

which tend to assume a prismatic habit, and felspar, with which
the augite often has subophitic relationship.

The felspar is a basic labradorite zoned with plagioclase of com-
position varjdng to that of oligoclase. These two minerals make
the bulk of the rock, and together give rise either to a sub-variolitic

or to an intersertal structure. The interstitial matter is devitrified,

and consists of acid plagioclase and quartz. It contains a relatively

small amount of magnetite, and abundant apatite in the form of

slender needles.

In the more vitreous portion (PI. VI, fig. 3), in which cognate

xenoliths appear to be the more prevalent, the rock has a definitely

intersertal structure.

The varieties met with in the basic margins are all closely

related. Their composition is clearly on the border-line between
that of basalt and augite-andesite ; and this, combined with a

frequently well-marked intersertal structure, warrants their inclu-

sion among the tholeiites. In Mull it has been found that 55 per

^ E. M. Anderson & E. G. Eadley, op. supra cit. pp. 210, 211.
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cent, of silica furnishes a very natui-al acid limit to the tholeiites.

Beyond that one meets with the andesitic rocks already alluded to

as leidleites and inninmorites, and also other types distinguished

by the degree of crystallization. The Ehud" a"Chromain tholeiitic

margins have a very close analogy to leidleite, as shown by their

tendency to acicular and variolitic stiiicture, and this agrees with
the silica percentage shown in Analysis II. In the Geological

Survey Memoir on the ' Geology of Colonsay & Oronsay ^vith part

of the Eoss of Mull ' 1911, p." 92, the xenolithic sheet of Ti-aigh

Bhan na Sgm-i-a is described by Dr. Flett as a dolerite of the

olivine-free type, and is exactly comparable with the basic margins
of the Eudh" a'Chromain sill.

The composition of the stony portion of the Eudh" a"Chromain
sill is recorded in Analysis II, by Mj.-. Eadley. Compared with

normal andesites the silica percentage is relatively low, and there

are other divergences on the basalt side.

AXALTSES OF XEyOLITHIC SllLS A>'D XEyOLITHS.

I. 11. III. IV.

SiO.^

Per cent.

70-70
Per cent.

53-97

1-24

14-65

3-62

6-32

0-30

nt. fd.

0-04

7-98

4-49

1-52

2-54

trace
1-92

0-94

0-27

0-09

0-51

Per cent.

38-67
0-90

37-27

2-78

5-07

0-17

nt. fd.

465
2-35

3-01

3-63

nt. fd.

0-22

1-63

Per cent
49-74

TiOo 1-27 1-49

AI2O3
FeoOs . .

11-78

1-32

34-99 *

1-53

FeO
MnO
(CoXi)O .

3-45

007
0-34

0-15

nt. fd.

BaO
CaO
M-0
K.^0

...'. 1-30

0-53

4-71

nt.fd.
0-88

0-66

1-72

Xa-^O
Li,b

2-48

nt.fd.

3-76

trace

H-0 at 105= C. 0-50 0-61

H.-O above
P.'05

105° C ri4
0-26

3-44

0-86

FeS-^

CO9 ." 0-51

nt. fd.

0-04

S 0-08

Totals 100-10 100-40 100-35 100-21

I. Felsite related to iuninniorite. Acid sill from an exposure soutli of Coire
Buidlie, about balf a mile north of Carsaig (S. 18464) :

"' Summarr of
Progress for 1915 ' Mem. Geol. Surv. 1916, pT26 (Anal. F. E. Ennos).'

II. Tholeiite. Basic portion of composite intrusion, Eudh' a'Chromain, west
side of Carsaig Bay (S. 17170) ;

"' Summary of Progress for 1914 ' Mem.
Geol. SuTT. 1915, pp. 56, 57 (Anal. E. &. Eadley).

III. Xenolitb. containing basic plagioclase, sillimanite, sapphire, and spinel
(,S. 16612 ), from the basic portion of the sill, Xuns" Pass, Carsaig

;

' Summarv of Proarress for 1913 ' Mem. Geol. Surv. 1914. pp. 80, 81
(Anal. E.G. Eadley).

IV. SiUimanite-buchite. Xenolith from the basic portion of a sill, Xuns' Pass,
Carsaig; *0"48percent. of the alumina is present as corundum, 'Summary
of Prosrress for 1914' Mem. Geol. Surv. 1915. pp. 56. 57 (Anal. E. G.
Eadleyt

The majority of the xenolithic sills are not markedly composite.
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although they often have a more or less vitreous centre (leidleite)

with stony marginal portions. The xenoliths are generally con-

centrated near the margins ; and their containing matrix, where

investigated, consists of tholeiite similar to the lateral members of

the Rudh' a'Chromain intrusion.

The intrusion of Mullach Grlac an t'Sneachda, in which sapphire

was first detected, calls for special notice on account of its unusual

character. It is unfortunately but indifferently exposed, and its

relations to adjoining rocks are somewhat obscure. It appears as

a dark-grey amygdaloidal rock of fine texture and igneous aspect.

It is studded with small lustrous plates of sapphire, and packed

with aluminous and siliceous xenoliths of all sizes. A mass of

siliceous material 6 feet long exposed by the side of the burn is

clearly a xenolith. Cognate xenoliths are unrepresented, except in

the form of isolated and often broken crystals of dark-green

hypersthene and less frequently of augite, indicating an early

crystalline separation from a tholeiitic magma similar to that

which gave rise to the cognate xenoliths of Rudh' a'Chromain.

The chief anomaly is the dark matrix, which, under the micro-

scope, is seen not to be a true igneous rock, but to be a sillimanite-

buchite (p. 240) modified by more or less complete admixture with

igneous material. The apparent j)orphyritic crj^stals are all broken

bytownite and anorthite, derived from highly crystalline aluminous

xenoliths (p. 241), and, therefore, themselves of xenolithic nature.

That the rock was intruded as a molten or semi-molten mass is

proved by its numerous vesicular cavities, now filled with zeolites

and other low-temperature minerals.

The amount of xenolithic material carried by this intrusion is

very considerable : for, apart from the abundant accidental xeno-

liths held by the pseudo-igneous matrix, the matrix itself is largely

composed of fused sedimentary material (sillimanite-buchite),

modified to some extent and doubtless rendered more fluid by
admixture with a tholeiitic magma. It will be seen in the sequel

that such an intrusion would result from the squeezing-upwards of

the viscous semi-fused material that formed the wall of the magma-
basin (p. 250).

A similar type of intrusion would appear to be represented in

the kersantite of Michaelstein,i which forms a dyke of obviously

mixed igneous and sedimentary material full of a variety of

minerals foreign to the rock.

Generally speaking, the tholeiitic intrusions have produced little

thermal alteration of the rocks into which they have been ulti-

mately injected, although the sill at Traigh Bhan na Sgurra is a

notable exception. The intrusions are seldom of large dimensions,

their type of crystallization indicates rapid consolidation, and we

^ M. Koch, ' Die Kersantite des Unterliarzes ' Jahrb. K. Preusg. Geol.
Landesanst. 1886, p. 44.
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can be fairly sure that their intrusion-temperature was not particu-

larly high. The tholeiite of Rudh' a'Chromain, however, at its

junction with the Carsaig Sandstone, has for a few millimetres

thermally altered the sedimentary rock. The action has been to

produce an interstitial melt between the component grains of the

sandstone, which has attacked and dissolved the quartz, with

the subsequent crystallization of tridymite -fringes around the

undissolved portions of the grains. The tridymite has reverted to

quartz which, while being in optical continuity with the quartz

of the original grain, retains the form of tridymite. This pheno-

menon is much better displayed by the quartz-grains in the

siliceous xenoliths, the metamorphism of which is of a more
intense character (see p. 240).

III. The Coghstate Xenoliths (Enclaves Homceoq^nes).

Cognate xenoliths are a striking feature of the basic portions of

the Rudh' a'Chromain and Nuns' Pass sill, and of the tholeiitic

intrusions of several other localities under consideration. Such
xenoliths were first described from the tholeiites of this region by
Dr. Flett, who recognized two types : one consisting of bytownite

and pale-green augite, and the other of bj^townite and a nearly

colourless enstatite or bronzite.^

In the Hudh' a'Chromain sill they occur as dark coarsely-crys-

talline patches, sharply marked ofE from the more finely-grained

tholeiite that envelops them. As was noted in the similar occur-

rence of Traigh Bhan na Sgurra, they show a distinct tendency to

congregate in the lower portion of the sill, suggesting a gravita-

tional concentration. They consist commonly of b^^townite and
hypersthene. The hypersthene-crystals are often sharply idio-

morphic (PI. VI, fig. 6) and have moulded upon them, or occa-

sionally include, an optically positive basic plagioclase (basic

labradorite or bytownite).

Less frequently a dark-green augite takes the place of the

rhombic pyroxene (PI. YI, fig. 5), and like it is usually idiomorphic

towards the bytownite (16612^, 17173 ).2 In some cases olivine

appears to have been present, but is now represented by serpen-

tinous and calcitic pseudomorphs (17174). An orthorhombic and

a monoclinic pyroxene are sometimes, though rarely, associated in

the same xenolith.

Hypersthene, presumably derived from cognate xenoliths, occurs

in the intrusion of Mullach Clac an t'Sneachda (Locality 2), while

coarse aggregates of bytownite and augite have been met with at

Seabank Villa (Locality 14), where some of the augite-crystals

are sharply idiomorphic (18530), and occasionally measure nearly

2 inches in length.

^ ' G-eology of Colonsay & Oronsay, witli part of the Eoss of Mull' Mem.
Geol. Surv. 1911, p. 92.

2 These numerals in parentheses refer to the rock-slices in the collections

of the Geological Survey.
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IV. The Accidental Xenoliths (Enclaves Enallogenes).

The greater number of accidental xenoliths are carried by tho-

leiitic sheets, or in the basic tholeiitic portions of the composite

intrusions. They are, however, not entirely restricted to the more
basic rocks, and may be found in less numbers and in a somewhat
different state of metamorphism in the more acid portions of some
of the sills, especially that of Kudh' a'Chromain.

The}'' may be divided into two classes, according to their nature,

which we may designate respectively as (a) siliceous and (b) alu-

minous. The former class includes such xenoliths as arise from
sandstones and granitic or gneissose rocks, while the latter class is

exemplified by xenoliths that appear to have had their origin in

aluminous shales of fairly constant composition. The aluminous

xenoliths, besides occurring in greater quantity, also have greater

average dimensions, and it is with these that we are chiefly

concerned.

(a) The Siliceous Xenoliths.

These present no particularly new features, and the majority

of the chancres that thev have undergone have been dealt with in

a most complete manner by other authors, more particularly by
Prof. A. F. A. Lacroix.i A few points, however, are worthy of

mention, especially those indicating the selective fusion of the

felspathic constituents and the almost universal formation of tri-

dymite around grains of undissolved quartz when the interstitial

melt is acid. The separation of augite and rhombic pyroxene

around undissolved quartz from a sufficiently basic melt, or from
an interstitial melt modified by transfusion of basic igneous

material, is too well known to call for further comment.
Sandstones, granitoid rocks, and what presumably have been

gneisses are all represented among the xenoliths, and all show a

similar and relatively simple type of metamorphism. Sandstones

are the most prevalent, being distinctly common in the intrusions

of Localities 1 & 2.

The Carsaig Sandstone, or some similar rock, has furnished a

considerable number of xenoliths to the sills, and the nature of the

metamorphism is identical with, but greater in degree than, that

exhibited by the Carsaig Sandstone in contact with the intrusive

tholeiite of Rudh' a'Chromain. The metamorphism is usually

unaccompanied by any transfusion of igneous material, and has

been produced by purely thermal agencies. Felspathic constituents

at the elevated temperature thus originated have given rise to an

interstitial melt, which attacked the surfaces of the quartz-grains

and thus became enriched with dissolved silica. Crystals of

tridymite separated from the melt, and attaching themselves at

all angles to the undissolved grains, formed fringes. The residual

melt consolidated as glass. The tridymite-crystals have now

^ ' Les Enclaves des Roches Volcaniques ' Ann. Acad. Macon, vol. x, 1893.
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reverted to qiiartz. and usuallv extinguish simultaneously with the
quartz-grain that thev fringe ; but, recalling the identical stinc-

tures produced in fused ganisters and other siliceous refractories,^

we can have no doubt as to their original character.

Dr. J. S. Flett.- some rears a 20. in a xenoHth from Trais'h

Bhan na Sgun-a, described fiiuges identical with those mentioned
above, but doubtfully attributed to them a different origin.

Of the recently collected mateiial one of the best examples of

such a siliceous xenolith comes fi'om Feorlein Cottage, Carsaig

(Locality 3). and is illustrated in PL YII. fig. 5. The quaitz has

suffered considerable solution by the interstitial melt ; but, on
cooling, large plates of tridymite have been deposited upon the

undissolved quartz, and similar crystals have separated from the

melt now represented by the glassy matrix.

The amount of glass found in these siliceous xenoliths is variable,

and appears to increase according to the amount of felspathic

constituents in the original rock, also with transfusion of igneous

material which would tend to lower the melting-point. The
presence of igneous material usually betrays itself by the deeper

colour of the interstitial glass, and by the sepai-ation of minute
crystals of eordierite. A beautiful example of the ready fusion

of the felspathic constituents and the formation of a copious inter-

stitial melt has been furnished by a sandstone xenolith (20763)
eolleeted by Mr. E. M. Anderson from a tholeiite-siU nearBunessan.
A sandstone xenolith metamorphosed by a tholeiitic magma.
and modified to some extent by transfusion of igneous material.

is illusti-ated by an example from south-east of Gortein Driseach.

between Localities 2 & o PL VII. fig. 6).

{b) The Aluminous Xeno'idis.

(i) General Description.

The aluminous xenoliths present three distinct types, and may
be grouped under three separate headings, according to their

structure and mineral constituents, and incidentallv accordincf to

the manner and degree of modification induced by the igneous

magma. The following types, which occur either in close depen-

dent association or as separate unitS; can be readily recognized :

—

(1) The sUliinaiute- and cordierite-buchites.

(2) The anorthite-eomiidttm-spiiiel assemblaffe.

(3) The eordierite-sillimaiiite-spinel assemblag'e.

(1) The buchites(or basalt-jaspers of foreign wiitersi are

composed essentially of glass with one or more characteristic

crystalline phases, such as sillimanite, eordierite, etc. They are

1 See H. H. Thomas, A. F. Hallimond, i E. G. Eadley, ' ]Mineral Eesonrces
of Great Britain ' Mem. GeoL Snrv. toL xri (1920) p. 60 & pi. It.

- ' Geology of Colonsav <fc Oronsay. ^th part of the Eoss of Mtdl ' Mem.
GeoL Snrv.^i911. x>. 9-5 & t-l. vi. fie. -5.
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produced by the simple fusion and subsequent consolidation of

sedimentary material without or with admixture of magmatic
matter supplied by the invading igneous rock. Such buchites

have been described frequentl}^ especially by Prof. A. Lacroix and

Dr. Alfred Harker ; and, later, by Dr. J. S. Flett, in association

with the Tertiary dykes of the Oban and Dalmally district.

^

The sillimanite-buchites, of which many examples have been

collected from the various localities, are compact, vitreous, grey-

blue or lilac-coloured rocks, consisting of glass in which the

abundant minute needles of sillimanite are usually arranged in a

parallel manner (PL VII, figs. 1 & 2).

The cordierite-buchites are most often black, and cordierite is

either the chief or the only crystalline constituent (PL VII, tig. 3).

(2) What has been termed the anorthite-corundum-spinel
assemblage is an almost holocrystalline mixture of these minerals,

and is extremely prevalent in the intrusions under description. It

is clearly of xenolithic nature, and is well illustrated by PL VIII,

fig. 2.

(3) The cordierite-sillimanite-spinel assemblage is less

common than Group 2, and results presumably from somewhat
special conditions that are discussed later.

The relation and interdependence of the anorthite-corundum-

spinel assemblage and the sillimanite-buchites are clearly indicated.

In some of the more symmetrical xenolithic masses it can be

demonstrated that the innermost portion is a dark-grey or dull

lilac-coloured rock of vitreous character (sillimanite-buchite). This

vitreous mass, followed towards its outer margin, is seen first to

contain scattered felspar-crystals, often skeletal in form, and then,

by the felspars becoming more frequent and better formed, to

develop into a more or less completely crystalline felspathic zone.

This zone, often several inches thick, and rich in corundum and
spinel, normally s(iparates the buchite from the enclosing tholeiite.

The felspathic portion (anorthite-corundum-spinel assemblage)

is roughly divisible into two—an inner sub-zone in which corundum
in the form of sapphire is abundant and spinel subordinate, and an

outer sub-zone in which the ratio of these two minerals one to the

other is reversed.

The line of demarcation between the holocrystalline portion of

the xenolith and the surrounding igneous rock is usually quite

sharp, and the igneous rock rarely shows any compositional

variation that can be attributed to direct action of the foreign

inclusion.

In practically every xenolith of any size that has been examined
a zonal arrangement can, in some measure, be made out, but not
always of a symmetrical character (p. 249). Sometimes the inner

vitreous portion (buchite) is reduced to a minimum, and at other

times the outer crystalline zone is thin or of varying thickness.

1 ' Geology of the Country near Oban & Dalmally ' Mem. Geol. Surv. 1908,

pp. 129-31 ; see also ' Geology of Colonsay & Oronsay, with part of the Ross
of Mull ' Mem. Geol. Surv. 1911, pp. 93-95.
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In small xenoliths the buchite may be entirely mirepresented, and
the whole of the inclusion may then be composed of plagioclase

with accompanying corundum and spinel showing a small amount
of interstitial glass.

I shall now briefly describe the chief minerals that enter into

the composition of the aluminous xenoliths, and at the same time
discuss in turn their probable mode of origin and relation to the

other minerals with which they are associated.

(ii) The Minerals of the Xenoliths: their Mode
of Formation and Mutual Relations.

Corundum.—The corundum of the xenoliths nearly always
occurs as deep-blue brilliant crj^stals of distinctly tabular habit.

There are three modes of occun-ence :

—

(1) As isolated crystals in the sillimanite-bucliites
; (2) in close association

with anorthite in the crystalline outer portions of the xenolithic masses
(PL YIII. fig". 2); and (3) as well-formed crystals in a matrix of distinctly

igneous natiire, which adheres to, and penetrates, the crystalline outer zone

of certain xenoliths (PL IX, fig. 1).

All crystals have the same general habit; the}^ are flattened

parallel to the base {0001}-, and are usuall}" rhombohedral or

pyi-amidal in form. The prism of the second order -111201 is

seldom met with, and the usual combination of forms is the base

{0001} modified by the rhombohedra {1011[ {3032[, or less

commonly by the rhombohedra together with the p3a'amid {2248}.
The faces are bright, and give excellent goniometric readings,

b}^ which the identit}^ of the forms mentioned above has been

established. The basal plane is stepped or deeply striated parallel

to the trace of one or other of the rhombohedral faces, giving rise

to Avell-marked equilateral triangular areas, one within the other,

which are due to oscillation in regrowth of the base and rhombo-
hedron. In size the crystals vary from a millimetre or so,

measui'ed across the basal plane, to at least a centimetre and a half

in exceptional cases. Their thickness measured along the vertical

axis is usually less than half the width of the basal plane. The
acutely pyramidal habit of many varieties of corundum is entirely

imrepresented. The tabular habit and general simplicity of forms
appear to characterize corundum of xenolithic masses, and, what
practicall}^ amounts to the same thing, that which has separated

from basic igneous magmas on their becoming saturated with

alumina through solution of aluminous material.

Corundum such as Ave are considering has been fully and
repeatedly described, and it will be suflicient to state that the

crA^stals here mentioned find their closest analogue in the tabular

crystals of Yogo Grulch (Montana).^

^ For detailed accounts of the occiu-rence of this mineral, see J. H. Pratt &
J. V. Lewis, ' Corundum & the Peridotites of Western Xorth Carolina ' Mem.
Geol. SuTV. N. Carolina, vol. i (1905) pp. 225 et seqq.\ L. Y. Pirsson, Amer.
Jour. Sci. ser. 4, yoL iv (1897) p. 421 ; also 20th Ann.' Eep. U.S. Geol. Surv,

1898-99, pt. iii (1900) pp. 552, 553.
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The colour of the crystals is deep blue in thick sections, and very

pale blue for the thickness of an ordinary rock-section. The pleo-

chroism is generally quite distinct, if not strong:

—

w=:pale blue. 6=pale greenish-blue to sea-green.

Optical anomalies are rarel}^ met with, and twinning parallel to

the fundamental rhombohedron {1011}, although present in some
instances, is of rare occurrence.

Inclusions are general, but almost invariably consist of brownish

to colourless glass, and this feature appears to be more or less

characteristic of the corundum of the metamorphic and non-

plutonic igneous rocks.

As regards origin, the corundum of the sillimanite-buchite

represents the excess of alumina over that required for the forma-

tion of sillimanite and melt, and was the first solid phase to

separate out from the fused aluminous sediment. It rarely forms

as much as 1 per cent, of the buchite, and is generally below 0*5.

In the case of the corundum of the anorthite-corundum-spinel

assemblage that appears to interpose itself normally between

the sillimanite-buchite and the magma, we find that corundum
is more plentiful towards the buchite : that is to say, towards

the source of the alumina. It is invariably associated with

anorthite, and in a manner that points conclusively to crystal-

lization from a common solution of these two substances. In

some instances the lack of crystalline form of the corundum
in association with anorthite would suggest the simultaneous

crystallization of these minerals in equilibrium with each other

and with the naelt, and the maintenance by transfusion of an
anorthite-corundum eutectic condition.

The later-formed corundum, which occurs associated with spinel

and oligoclase in a matrix of more igneous character, has been

formed by the separation of alumina from a partial magma
enriched in alumina through the resorption of anorthite containing

sillimanite (p. 244). A certain portion of the excess alumina has

combined with the available magnesia and ferrous iron of the

magma to form spinel (p. 248). Both corundum and spinel are

often enclosed by a zone of anorthite-crystals (PI. VIII, figs. 3 & 4),

a feature noted by Prof. Lacroix in xenoliths from the Cantal
region.^

Sillimanite.—This mineral is a common product in meta-
morphosed aluminous sediments ; in the xenoliths under description

it is, next to corundum, the earliest and most constant crystalline

substance to separate from the melt produced by the fusion of the

highly aluminous shales. It occurs mostly as minute needles about
1 to 2 mm. long, which are either felted together or arranged in a

parallel fluxional manner in a colourless or pale violet-tinted glass.

^ ' Les Enclaves des Eoches Volcaniques ' p. 190 : 'On voit que lorsqu'un
grand cristal de corindon ou de spinelle se produit, il est entoure d'une zone
exclusivement feldspathique.'
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To such an assemblage the name sillimanite-buehite is applied

(p. 241).
^

The mineral, even in the small needles, has a characteristic

pleochroism of pale pink to colourless, similar to, but less intense

than, that of the larger crystals described below. Inclusions are

seldom present, and then consist solely of glass.

In origin, the sillimanite is partly a product of direct vitrifica-

tion and partly a primary phase separated, on fall of temperature,

from the original aluminous melt. It furnishes the main source

of the alumina present in the other aluminous minerals, such as

anorthite, spinel, and cordierite, which are of later appearance and
are dependent for their formation on the transfusion of bases from
the io;neous magma.

^

Large crystals of sillimanite of a deep rose-pink colour occur in

a dark glass, in association with cordierite and spinel (S. 18001a),

PL VII, fig. 4. There is evidence that these crystals are due to

the reheating of an original sillimanite-buehite, and that their size

has thereby been increased.

Their most striking feature is an intense pleochroism which is

bright rose-pink parallel to r, the long axis of the crystals, and
colourless parallel to a and li (S. 18001). So far as I am aware, a

strong pink pleochroism, recalling that of the more highly-coloured

varieties of andalusite, has seldom been met with in this mineral.

The only record that I can ti'ace of a pink sillimanite is that given

by Des Cloizeaux and quoted by Hintze.-

Crystallographically the mineral forms approximately rectangular

prisms bounded by the face (110) ; these in cross-section provide

diagonal directions of extinction, and show traces of the usual

perfect cleavage parallel to (010).

Felspar.—The chief and earliest-foiTtied felspar of the acci-

dental xenoliths occurs in the complex crystalline zone (anorthite-

corundum-spinel assemblage) which separates the sillimanite-

buehite from the igneous rock, and resulted from the crystalliza-

tion of a hybrid melt of special composition due to the mutual
influence of the tholeiite-magma and fused aluminous xenolithic

material. The felspars occur as large crystals, often reaching

several inches in length. Xear the external margin of the crystal-

line zone they are mutually interfering, but towards the buchite

they become more distinctly separated by glassy matter and more
noticeably idiomorphic.

Their formation has, to a limited extent, been attended by a

resorption of the sillimanite of the buchite ; but the felspars are

^ G. V. Wilson, ' Notes on the Formation of certain Eock-forming INIinerals

in & about Glass Furnaces ' Trans. Soc. Glass Technology, vol. ii (1918)

p. 177.
- A. Des Cloizeaux, ' Manuel de Mineralogie ' vol. i (1862) p 179 ; see also

C. Hintze, ' Handbuch der Mineralogie' vol. ii (1897) p. 142: ' Zuweilen ist

ein Pleochroismus wahrzunehmen : Des Cloizeaux beobachtete an Spaltungs-

blattchen mit dem Dichroskop ein farbloses und ein schwach rosenrothes

Bild.'
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usually crowded with undissolved needles of this mineral (PI, IX,
figs. 1-3, 5, & 6) which impart to the crystals a striking flesh-pink

colour (p. 2M). Occasionally, they are coloured a sky-blue by
finely divided corundum (PI. YIII, fig. 6). In composition they
approximate closelj^ to anorthite, and are thus more basic than the

glomeroporphyritic felspars (bytownite) of the cognate xenoliths

previously described (p. 238). Their formation was often accom-
panied by the almost simultaneous separation of corundum and
spinel, in a manner that suggests that these three phases were
capable of existence in equilibrium one with the other and with the

melt at the time of their formation (p. 252).

The early-formed anorthite has most often undergone consider-

able compositional modification as the conditions of equilibrium

between xenolith and magma were disturbed. There has frequently

been disruption of the coarsely crystalline zone and resorjDtion of

the anorthite and its contained sillimanite. This was followed by
an additional crystallization on the remaining anorthite of an in-

creasingly acid plagioclase, which ranges through labradorite to

oligoclase. Such later-formed felspar is free from included silli-

manite, and the excess of alumina furnished by its resorption has

separated either as corundum (sapphire) or as spinel (PI. VIII,
figs. 1, 2, & 5). Corundum, as might be expected, occurs more
frequently nearer the source of alumina (bucbite) ; while spinel

crystallizes nearer the source of magnesia andiron (magma). The
latest crystallization of felspar was of a rapid character, and ante-

dated but little the intrusion of the modified xenoliths into their

present position. It is usually of oligoclase composition, and may
occur either as an outer zone to pre-existing more basic felspars, or

as freshly grown individuals of skeletal form which have separated

from the residual melt (PI. X, figs. 4 & 5). With regard to the

formation and resorption of the earlier felspars, it is interesting

to note analogous processes going on in artificial melts. Mr. Gr. Y.
Wilson, writing on certain minerals formed in glass-furnaces, calls

attention to the fact that felspars entering into the composition of

an absorption-zone between the glass-melt and the furnace-brick

(aluminous) were full of sillimanite-needles, but that the sillimanite

of the melt, as of the buchite, was undergoing resorption in order

to supply alumina for the formation of felspar.^

Cordierite.—Cordierite appears to result in the xenoliths, either

from the complete solution of aluminous material by a tholeiite-

magma, whereby a cordierite-buchite ^ or cordierite-sillimanite-

buchite is formed ; or from the reaction of the magma with the

^ ' Notes on the Formation of certain Eoek-forming Minerals in & about
Glass-Furnaces ' Trans. Soc. Glass Technology, vol. ii (1918) p. 177.

2 For a description of cordierite-buchites, see J. S. Flett, ' Geology of

Colonsay, Oronsay, & part of the Eoss of Mull' Mem. Geol. Surv. 1911,

pp. 94, 95 ; Prof. A. Lacroix, op. jam cit. p. 21, comments on the remarkable
sharpness of the crystals and the triple twinning of the cordierite in rocks of

this nature ; see also J. J. II. Teall, ' The Natural History of Cordierite &
its Associates' Proc. Geol. Assoc, vol. xvi (1899) p. 61, with Bibliography on
p. 74.

Q. J. a. S. No. 311. S
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still fluid matrix of a sillimanite-biichite which gives rise to

cordierite and spinel, or cordierite and corundum, according to

the amount of available magmatic magnesia (see analyses, p. 236).
In the former case of direct and complete absor|)tion of aluminous

material b}^ the magma, the cordierites formed are either colourless,

rectangular, single crystals with distinct outline, or small triple and
complex twins. In magma contaminated with aluminous xenolithic

matter, the percentage of alumina may vary within widely-separated

limits, and there may be no excess of alumina beyond that necessary

to form cordierite with the available magnesia and silica. The
result, in such a case, is the formation of a cordierite-buchite that

consists solely of cordierite and brown glass (PI. A^II, fig. 3). Such
cordierite must be regarded as of pyrogenetic, rather than of meta-

morphic, origin. When there is a greater proportion of xenolithic

matter, sillimanite is the earlier product of crystallization, and this

is followed by cordierite, giving rise to a cordierite-sillimanite-

buchite similar to that figured in PL YII, fig. 2. The formation

of cordierite under such conditions has been dealt with and described

by many authors.

When the tholeiite-magma reacts upon an ah'eady-formed silli-

manite-buchite, bringing about mutual modification by the trans-

ference of alumina from the xenolith to the mao^ma, andof mag^nesia

from the magma to the xenolith, large crystals of cordierite grow
outwards from the magmatic side into the buchite, keeping pace

with the diffusion of magnesia. Much of the sillimanite of the

l)uchite is generally resorbed, but such cordierite-crystals commonly
enclose a considerable undissolved portion in the form of the usual

slender needles. These needles are often to be seen passing across

the boundary between cordierite-crystals and buchite (PL X, fig. 1).

Material collected from Locality 6, 3500 feet north of west of

Ormsaig, shows beautifully the result of interaction between silli-

manite-buchite and magma, and is illustrated by figs. 2 & 3 of PL X.

The sillimanite-buchite may be seen to pass, in the direction of the

igneous rock, into a sillimanite-cordierite-buchite of somewhat
coarsely crystalline character, the relatively large size of the crystals

being attributable to sustained elevated temperature. Adjoining

the true sillimanite-buchite the cordierites are of large size, and,

owino^ to their remoteness from the source of mao-nesia, contain no
inclusions of spinel ; but nearer the magma, where more magnesia

und less silica were available, the cordierites are full of minute
brownish-green crystals of spinel (PL TII, fig. 4).

As is occasionally the case with cordierite of a pyrogenetic

nature, the mineral is colourless, exhibits no pleochroism, and in no

instance shows pleochroic halos around inclusions such as are usual

in the cordierite of the crystaRine schists and metamorphic rocks.

The formation of cordierite in the xenoliths appears in all cases to

belong to a relatively late stage in their metamorphism, and to be

the natural product of a magma that had become relatively richer

in silica by the normal process of differentiation, acting on highly-

aluminous material such as the sillimanite-buchite. The proportion
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of the cordierite so formed to spinel is determined by the relative

amounts of magnesia and silica available. If there be an excess of

silica, cordierite would form alone ; but, with a deficiency in silica,

spinel would be its necessary companion.^

Spinel.—The spinellids of the xenoliths, taken collectively,

present a considerable variety of colour and, presumably, of compo-
sition ; but, considered in connexion with their respectively-associated

minerals, they show a fair amount of consistency. The chief mode of

occurrence of spinel is as a deep-green variety (hercynite-pleonaste),

in intimate association with anorthite in the external crystalline

zone of the xenoliths. The manner of association of these two
minerals indicates contemporaneous crystal-growth, with a gradual

convergence towards eutectic composition. Such a condition api^ears

to have been actually realized in some instances under special con-

ditions, and a highly characteristic structure has resulted (PL YIII,

iig.o). In this association the spinel is usually without well-

defined crystalline boundaries, and its form is almost exactly similar

to that assumed by olivine, when associated with anorthite in such

rocks as the allivalites of Dr. A. Harker.^

It has presumably been formed through the solution of sillimanite

and an excess of alumina of the sillimanite-buchite by a magma
locally enriched with lime, ferrous iron, and, to a less extent,

magnesia. An analj^sis of this early-formed leek-green sj)inel,

separated from the anorthite-corundum-spinel assemblage of a

xenolith from Locality 2, is given below, and indicates a variety

lying between the magnesian pleonaste and the ferrous hercynite.

Analysis of Dakk-Green Spinel from Xenolith (Anal. Ill, p. 236),
Nuns' Pass, bt E. G. Kadley.

I. II.

Per cent. Per cent.

Si02 0-77 —
Ti02 OoO —
AI2O3 60-84 61-70

FeoOs 4-26 4-32

FeO 24-UO 24-34

MnO 0-15 0-15

CaO 0-36 0-36

MgO 9-37 9-50

H2O above 105° C. ... 0-14 —

Total s 100-39 100-37

The figures given in tlie second column are dei'ived from those of the first by
recalculation, after rejecting silica, titanic oxide, and water, which are regarded as

non-essential constituents. See ' Suminary of Progress for 1913 ' Mem. Geol. Surv.

1914, pp. 80, 81.

A very beautiful relation between spinel and anorthite may

' G. A. F. Molengraaif, ' Cordierit in einem Eruptivgestein aus Siidafrika
'

Neues Jahrb. vol. i (1894) p. 79 ; see also J. Morozewicz, ' Experimentelle
Unterstichungen iiber die Bildung cler Minerale im Magma ' Tscherm. Min.
Petr. Mitt. vol. xviii (1898-99) pp. 56, 57.

2 ' The Natural History of Igneous Rocks ' 1909, fig. 49, p. 170.

S2
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be studied in specimens from Locality 16, figured in PL A'lII,

figs. 3 & 4. Here spinel-crystals, separated from a glass}" base, haye
acted as nuclei upon Avhich haye grown crystals of anorthite, in

such a manner as completely to surround the spinel Avith an
irregular but thin zone of this mineral. This relationship existing

betAyeen spinel and anorthite is one of the most striking features of

the xenoliths, and is easily explicable in the light of work recently

carried out on the ternary system anorthite-forsterite-silica.i^

As a much darker yariety (black, brown, or dark plum-colour),,

spinel builds regular well-shaped octahedra in the outer and
most highly-modified portions of the xenoliths. There is good
reason to belieye, from the microscopic eyidence, that these spinels

result from a later interaction of magmatic and xenolithic material,

whereb3"the ah-eady-formed anorthite that contained sillimanite has

been resorbed by a mao-ma relatiyely rich in mao'nesia ; and that

the excess of alumina so proyided has been precipitated as spinel,

accompanied by the separation of a sillimanite-free less basic

plagioclase (oligoclase) and glass of magmatic nature. Sillimanite-

bearing anorthite in all stages of dissolution, and the separation of

spinel together with the formation of less basic felspars, are features

illustrated by seyeral examples in Plates IX & X. The sharply

idiomorphic form of the spinel-crystals is well shown in PL X,
fig. 4 and PL VIII, fig. 2. A late conyersion of spinel into yellow

or green serpentine is not an uncommon feature of the xenoliths.

The serpentine either forms a peripheral skin (PL IX, fig. 2), or

completely replaces the crj^stal.

(iii) Probable Nature of the Unaltered
Xenolithic Material.

The aluminous xenoliths, although complex in mineral contents,,

and yarying considerably in composition in different parts of their

mass, are clearly fragments of higlily-aluminous shale that haye

suffered progressiye metamorphism by a basic igneous magma.
There is no doubt, from the character and composition of the

sillimanite-buchite, that this material has been produced by the

simple fusion of aluminous sediment, and that it is unmodified in

any way by the transfusion of igneous matter. Its composition is

represented by Analysis IV (p. 236), from which it will be seen

that it is comparable to a highly aluminous fireclay, and that it is

free from all bases such as would be present if contamination by an

igneous magma had taken place. Microscopically, it consists of

glass in which are embedded, often with clear fluidal arrangement,

minute but abundant prisms of sillimanite, an occasional crystal

of corundum, and a yery small quantity of magnetite or some other

spinellid. The original rutile-needles of the sediment appear, in

some instances, to be preseryed.

The analysis indicates that corundum, separately determined^

constitutes about 0"o per cent, of the whole, and sillimanite

^ 0. Andersen, 'The System Anorthite-Forsterite-Silica ' Amer. Jour. Sci..

ser. 4, Tol, xxxix (1915) p. 407.
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18 per cent., the remaining constituents entering into the compo-
sition of the glass, which holds a fairly large amount of water in

solution. Such rocks are well known from other localities, and are

produced artificially every day in glass-pots and furnace-nozzles by
the fusion of the aluminous material of which they are constructed.

^

The miiformity observed in the aluminous xenolithic material

makes it clear that we have only one type of aluminous sediment to

consider, and that this was in all probability of wide distribution.

One somewhat unusual feature brought out by Mr. Radley's

analysis is the excess of soda over potash. In most clays the

reverse is the case, but exceptions are not unknown.

(iv) Relation of the Xenoliths to the Enclosing Rock.

A striking feature connected with the xenoliths is the extreme

sharpness with which the}^ are marked off from the enclosing rock,

and the unmodified character of the igneous rock in contact with

them. It is clear without additional evidence that the meta-

morphism was not effected in place by the igneous magma now
represented by the surrounding tholeiite. but was carried out at

much greater depths and at a more elevated temperature than that

appertaining to the rock at the time of its intrusion.

The most convincing evidence of deep-seated metamorphism,
however, is furnished by the fact that the enclosing rock often bears

no relation to the various metamorphic zones of the xenoliths, and
therefore cannot have produced them. It has been pointed out

(p. 241) that these zones are occasionally concentric and roughly

spherical in form, more often they occur as crescentic or straight

parallel layers ending abruptly at the surface of a xenolith. It is

abundantly clear, as we shall see, that these zones are the result of

progressive metamorphism, and yet in the portion of the sill that

we can study we find the enclosing rock crossing from one meta-
morphic zone to another—from sillimanite-buchite to the anorthite-

sapphire-spinel-layer—without any corresponding change in its

texture or composition, or any diminution in the sharpness of the

line of junction. No better evidence is needed to prove that the

metamorphism of the xenoliths was practically complete before they
were carried by the molten igneous rock into their present position.

That the xenoliths were still plastic and partly molten at the

time of their intrusion is shown by their often intensely vesicular

character. These vesicles occur in the now glassy portion of the

xenoliths, and mark the escape of gas from the molten material on
the intrusion of the xenolith from a region of high to a region of

lower pressure.

Prof. A. Lacroix has pointed out, from his study of xenoliths,

that the mutual chemical changes produced by a magma on
accidental inclusions and vice versa are usually quite limited ; and,

therefore, he rightly asserts that, in order to produce any con-

siderable effect, a prolonged sojourn of the xenoliths within the

molten magma is necessitated.

^ G. V. Wilson, op. jam cit. p. 200 ; A. H. Cox, ' Notes on some South
Staffordshire Fire-clays & their Behaviour on Ignition ' Geol. Mag. 1918, p. 59.
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(v) The Conditions of Metamorphism.

It is clear that the metamorphism of the aluminous sediment that

gave rise to the xenoliths was effected before the intrusion of the

sill. Further, it is evident that the xenohths, as we nov/find them,,

owe their main characters to both physical and chemical action on

the part of the molten igneous rock, the one producing simple

melting without transfusion of material from the magma, the other

bringing about a local enrichment of certain bases (lime, ferrous

oxide, and magnesia), which resulted in the formation of anorthite,

sapphire, and spinel. There is little doubt that the greater part of

the metamorphism of the aluminous sediments was actually effected

in the walls of the magma -basin, and that the xenoliths are mainl}'^

due to the disruption of the metamorphosed lining of the basin

preliminary to the intrusion of the magma into its present higher

position. Only in this way is it possible to account for the lack of

symmetry of the metamorphic zones in the xenoliths and the trans-

gression of the enclosing igneous rock across zones that clearly

indicate different phases of metamorphism. A general idea of the

process was many years ago clearly outlined b}" Sir Jethro Teall^

who said :

—

' The subterranean magmas act powerfully on tlieir containing- walls, and
transform highly argillaceous sediments into crystalline rocks composed of

cordierite, sillimanite, biotite, quartz, and sometimes spinelle and corundum.
The rocks of the inner contact-zone become shattered, and the igneous magma
insinuates itself between the cracks, or may even permeate the mass. Portions

of the metamorphic rock float off into the molten material, and travel ^^dth it

through dykes and other channels to the surface.' ^

In the cases under description the first change effected in the

aluminous sediment was simple fusion forming a viscous melt, from
which the excess of alumina was early to separate as corundum and
sillimanite. The foriner exists as small hexagonal plates, the latter

as minute elongated prisms. The rajDid separation of sillimanite

rendered the fused layer still more viscous, and presumabl}'' enabled

it, without application of external stress, to retain its position as a

lining to the magma-basin. Simultaneousl}^, however, the trans-

fusion of bases, more particularly of lime, was proceeding from the

m.agma into the aluminous melt that formed the matrix of the

already separated sillimanite. This transfusion produced a melt of

such composition that anorthite was capable of crystallization as a

primary phase, and, owing to the partial resorption of sillimanite

to furnish the necessarj^- silica, there was a simultaneous precipitation

of corundum.
The anorthite thus formed enclosed the undissolved sillimanite-

needles of the original melt (PI. VII). Similarly the transfusion

of the bases ferrous iron and magnesia gave rise to spinels of

various compositions, which occur occasionally intergrown with
corundum, and either completely enclosed in anorthite or in

approximate eutectic relationship to this mineral.

1 ' The Natural History of Cordierite & its Associates ' Proc. Geol. Assoc.

ToL xvi (1899) p. 65.
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The relations borne by the corundum, spinel, and anorthite one

to the other indicate clearly that a melt was produced at the

surface of the aluminous material from which these three minerals

crystallized with more or less perfect equilibrium, but in which

sillimanite was underaroino: slow re-solution. The condition in-

dicated is one of slow cooling.

We are here dealing with the crystallization of a quaternary

system subject to constant influx of material by diffusion ; but,

from the conditions controlling the separation of solid phases in

the ternary systems anorthite-forsterite-silica and lime-alumina-

silica, we are able to gather reasonable ideas as to the temperature-

concentrations that operated in tlie case of the xenoliths.

Let us consider the probable condition of the magma within its

basin. We know from the cognate xenoliths present within the

tholeiite, that the maoma had commenced to crystallize before

its upward intrusion, and that crystals of bytownite and pyroxene

(both rhombic and monoclinic) were separating and being segre-

gated under the influence of gravity. The separation of pyroxene

and bytownite is what might be expected from a magma of the

composition indicated by Analysis II, p. 236. The gabbroic or

noritic matter so separated may be considered to have crystallized

under conditions of more or less perfect equilibrium, without

considerable under-cooling, and thus a temperature of initial crys-

tallization between 1200° and 1300° C. is indicated.^

We have a useful temperature-indicator in tridymite, the only

phase of silica that existed as a metamorphic product, either in the

xenoliths or in the Carsaig Sandstone in contact with the intruded

sill. The absence of cristobalite and presence of tridymite in both
instances would suggest that the temperature of the magma
within its basin and at the time of its intrusion was lower than
1470° C.

Except for the presence of tridymite in the siliceous xenoliths,

we have little to guide us in an estimation of the initial tempera-

ture of the magma within its basin ; but from the strong evidence

that fusion of the basin-walls proceeded more rapidly than the

CO- solution of the aluminous melt and magma, we may infer that

the magmatic temperature was at any rate above that necessary to

vitrify aluminous sediments. Such a temperature has been proved

by experiment,^ in the case of drj' melts at atmospheric pressure,

to be in the neighbourhood of 1500° C. The retention of much
water, however, as well as the presence of small quantities of

fluxes, would undoubtedly lower the temperature of vitrification

considerably, probably below 1400° C. We are, therefore, fairly

safe in regarding the metamorphism of the xenolithic material as

comniencing at a temperature above, but not far above, that which
marked the separation of the cognate xenolithic material from the

^ G. A. Rankin, 'The Ternary System CaO-iil^O.^-SiO, ' Amer. Jour.

Sci. ser. 4, vol. xxxix (1915) p. 1 ; 0. Andersen, ' The System Anorthite-
Forsterite-Silica ' ibid. p. 407.

2 A. H. Cox, Geol. Mag. 1918, p. 59.



252 DE. H, H. THOMAS ON XEISTOLITHIC [vol. IxXVlii,

magma, and probably continuing up to the time of the magma's
intrusion into higher levels.

The vitrification of the aluminous ' bank ' was followed almost at

once b}^ the separation of corundum and sillimanite from the
aluminous melt and, contemporaneously, a narrow diffusion-band
of hybrid character was formed between the normal magma and the

fused lining of the basin. Across the junction of sediment and
m.agma the following zones would appear to have been present :

—

(a) Unfused aluminous sediment
;

(b) fused sediment from which silli-

manite and some corundum has separated
; (c) a zone of commingling of the

aluminous melt with the magma ; and (d) the magma in an unmodified
condition.

It is the hybrid zone (c) that gives to the xenoliths their most
remarkable character. The liquid formed by the commingling of

aluminous melt and magma was of such a composition that

corundum, anorthite, and spinel were, relatively speaking, insoluble,

and were early phases of crystallization, and that the sillimanite of

zone (&) was unstable and tended to dissolve.

Corundum and spinel have often crystallized together, and
there is evidence of the attainment of eutectic relations between
anorthite and spinel. Corundum was in most cases the primary
phase, and was followed rapidly by the separation of anorthite and
spinel, as the composition of the melt changed with continued
crystallization.

According to the work of Rankin, the temperature at which
anorthite, corundum, and sillimanite can co-exist in equilibrium

with the melt is represented by a quintuple point on the ternary

diagram of the sj^stem CaO-Al203-Si02, and corresponds to a tem-
perature of 1512° C. In the xenoliths, however, this condition

does not appear to have been attained, for sillimanite was evidently

undergoing solution during the formation of the anorthite. The
actual conditions of temperature and concentration, therefore, are

more probably represented by some point on the boundary-curve
between the corundum- and anorthite-fields and away from the

quintuple point. The temperatures along this boundary-curve
range from 1500° to 1380° C., generally lower than that of the

quintuple point, and suggest that the separation of corundum and
anorthite took place at a less elevated temperature.

Confirmation of a lower temperature is also furnished by the

mutual relations observed to exist between corundum and spinel.

Their obviously contemporaneous and early separation from the

melt would indicate some such conditions as those expressed by
the boundary-curve between the corundum- and spinel-fields in

the diagram for the ternary system anorthite-forsterite-silica,

and covering a range of temperatures from 1450° to 1325° C.

Again, we have the observed eutectic relation of anorthite to spinel.

From the work of Olaf' Andersen Ave learn that with relatively

small percentages of magnesia, anorthite and spinel can co-exist in

equilibrium with the melt at a temperature as low as 1440° C.

All the evidence, therefore, so far as it can be co-ordinated,
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points to a maximum temperature in the neighbourhood of 1400° C.

.as that at which the formation of the xenohthic minerals was likely

to have taken place. We must remember, however, that all the

work that has been done on the various ternary systems has been

carried out at atmospheric pressure and under anhydrous conditions.

In the case of the xenoliths we are, in the first place, not dealing

with pure ternary mixtures, but with melts containing a far greater

number of components the presence of which will undoubtedly

-depress the freezing-points of the various solid phases. Operating

in the same direction will be the large amount of water held in

solution at the high pressure obtaining within the magma-basin.
It is fairly certain, therefore, that the probable temperatures of

rseparation of the various crystalline phases that occur in the xeno-

liths, were lower than those judged to have existed in analogous

but not identical anhj^drous melts. How much lower the present

•state of our knowledge leaves an open question.

So soon as crystallization commenced in the h^^-brid zone (c) we
must assume that transfusion of the components entering into the

•composition of the separating phases began, and was continued as

fast, and for as long a period as the viscosity of the melt and
magma would allow. That this diffusion accompanying crystal-

lization was a factor of considerable importance will be seen at

once on comparing the analj^ses of tholeiite (II), hybrid zone (III),

and buchite (IV), given on p. 236. From these it is obvious

that the ultimate composition of the hj^brid zone could not be

reached b}- simple mixture of fused aluminous sediment with
tholeiite-magma, but only by the selective diffusion of their respec-

tive component oxides. While Analysis III (p. 236) repiesents a

particular phase of interaction between tholeiite and fused

aluminous sediment, the reader is warned against regarding it

as expressing the composition of a simj^le mixture. The normal
crystallized zone consists of anorthite, corundum, and spinel, and
clearly indicates diffusion of alumina from the sediment and of

lime, and to a less extent of ferrous oxide and magnesia, from
the tholeiite. There has also been a relative concentration of

alkalies.

Anorthite being an early and dominant phase to separate from
the melt represented by the hybrid zone, it follows that the magma
in the immediate neighbourhood would be impoverished as regards

lime and relatively enriched as regards magnesia, iron, and alkalies.

The slower transfusion of magnesia makes itself evident in the

precipitation of spinel, more particularly in that portion of the

hybrid zone which lies nearest to the magma. The extent of such
an impoverished zone would depend on the viscosity of the melt,

and thereby the extent to which diffusion could operate. We have
every reason to believe that this zone was not wide, and that, for

all practical purposes, we may regard the bulk of the magma within
the basin as unmodified by loss of bases or by the assimilation of

•sedimentary material.
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We now come to another and obviously later phase of meta-
morphisin. that has been superinduced upon the buchite (h) and
the cr3^stalline zone (c). Disruption of the already cr3'stallized

anorthite-corundum-spinel assemblage of the hybrid zone, by
stresses acting within the basin prior to the upward intrusion of the

magma, allowed the locall3''-modiiied magma mentioned above to

make fresh contacts with the buchite, and wdth the more aluminous

portion of the anorthite-corundum-spinel zone adhering to the walls

of the magma-hasin. This partial magma being relatively rich in

magnesia, iron, and alkalies, the new contacts resulted in a fresh

set of concentrations. Cordierite (p. 245) under the new con-

ditions was one of the chief crystalline substances to separate out

;

while the rapid enrichment of the melt by alumina from the re-

sorbed sillimanite, taken in conjunction with the excess of magnesia
be3"ond that required for the formation of cordierite, produced an
almost simultaneous precipitation of corundum and spinel. The
melt, being of a more alkaline character than previously, caused

the resorption of much of the earlj^-formed anorthite, and onh'

permitted the subsequent sepai*ation of a plagioclase of increased

alkalinit}^ (p. 245).

Reviewing the temperature-conditions, as suggested by the crys-

talline phases of the accidental and cognate xenoliths, we are led

to the conclusion that the temperatui-e-interval during which the

metamorphism of the aluminous material was accomplished was
small, and probably lay between 1400° and 1250° C. On the other

hand, the time-interval was great, for extremely slow cooling and
no considerable change in the viscosity of the melt are indicated.

Towards the end of this period, a limit only imposed by the

upward intrusion of the magma, that magma had commenced to

crystallize on its own account, with the formation of the cognate

xenoliths at a temperature that did not exceed 1300^0., and was
probably still lower. At the time of upward intrusion the tem-

perature was sufficient to keep molten the glassy matrix of the

sillimanite-buchite, and to produce tridjanite-fringes upon the

quartz-grains of the Carsaig Sandstone.

Experiments on the glass}^ matrix of the sillimanite-buchite

prove that it melts at a temperature near that of fluorspar

(1250° C), so that we may suggest that the temperature of the

magma at the time of its intrusion approximated to this value.

It will be seen from the above that the probable range of tem-
perature covering the metamorj)hic processes that operated within

the basin, and the subsequent upward intrusion of the magma, is

surprisingly small, possibly less than 200° C.

At the time of upward intrusion all further transfusive action

between magma and xenoliths would be checked by rapid cooling,

and this would account for the sharp boundaries presented by the

xenoliths to the surrounding tholeiite.
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V. SUMMAEY AND CONCLUSIONS.

The western portion of Mull lying between Loch Scridain and
Loch Buie is remarkable for a series of minor intrusions that are

generally of a tholeiitic and andesitic character. Occasionally they

are composite, and one of the best examples of such a sill is that

which occurs at Rudh' a'Chromain and at Nuns' Pass west of

Carsaig. They frequently contain abundant xenoliths of both

accidental and cognate nature. The cognate xenoliths are glomero-

porphyritic masses of bytownite and hypersthene, or bytownite

and augite, and are frequently congregated in the lower portions

of the intrusions. The accidental xenoliths are both of siliceous

and aluminous types, the aluminous inclusions being generally by
far the more prevalent and ranging up to several feet in diameter.

The siliceous xenoliths show the usual type of alteration : quartz-

grains have developed fringes of tridymite, and in some instances

are surrounded by secondary augite. The aluminous xenoliths,

with which this paper deals more particularly, are characterized by
well-crystallized minerals, such as corundum (sapphire), spinel^

sillimanite, cordierite, and anorthite.

These aluminous xenoliths offer the clearest evidence of the

modification of a more or less pure aluminous sediment by permea-

.tion of magmatic matter, more particularly by the diffusion of

lime, ferrous iron, and magnesia. The aluminous sediment, when
simply altered by thermal agencies, takes the form of a sillimanite-

buchite (sillimanite and glass), and this by the chemical action of

the magma has most often been transformed, in whole or in part^

into a coarselj^'-crj^stalline mass of anorthite that encloses silli-

manite, corundum, and spinel. Further action by the magma in a

modified form, in which it is relatively enriched by magnesia and
alkalies, has resulted in the formation of cordierite with a con-

comitant separation of corundum, spinel, and an acid plagioclase.

It is held from the evidence afforded by the xenoliths that the

metamorphism was of a deep-seated character, and was produced
by a tholeiitic magma acting upon the lining of its basin, this

lining being constructed largely of aluminous sedimentary materiaL
The deep-seated character of the metamorphism is supported by
three facts:—(1) the xenoliths show practically no signs of modi-
fying, or of modification b}", the igneous rock now in contact with
them; (2) during the process of intrusion into their present

position they have suffered deformation, owing to their still plastic

state; and (3) they have developed vesicular cavities in their

contained glassy matter, consequent on the decrease of pressure by
Avhich dissolved volatile constituents were allowed to escape. The
vesicular cavities have in many instances been filled with low-

temperature minerals such as analcite, chalcedony, and calcite.

The mutual relations of the various xenolithic minerals, interpreted

in the light of recent work on fused mixtures of silicates and
oxides, suggest that the temperature of the magma in its basin

during the period in which the metamorphism was effected probably
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ranged from near 1400° to 1250° C, the lower temperature

approximating to that at which the magma, together with its

xenoliths, was intruded into its present position.

There is practicalh^ no evidence such as would lead to the

conclusion that the magma as a whole has been modified to

any extent by assimilation of sedimentary material, despite the

fact that certain intrusions consist almost entirely of xenolithic

matter.

EXPLANATION OF PLATES VI-X.

[The numerals preceded by S are tlie registration-numbers of tbe respective

rock- slices in the collections of the Geological Survey.]

I am indebted to Mr. John Rhodes for the preparation of the photomicro-

graphs which are reproduced in these plates.

Plate VI.

Fig. 1. Glassy acid interior of a composite sill, Eudh' a'Chromain. Ehyolite
allied to inninmorite. Blade-like and acicular crystals of augite

and small porphyritic crystals of acid labradorite in a pale

lavender-brown glassy matrix. Local devitrification has given
rise to patches of acid labradorite, showing white in the figure.

S. 18486. X 16-5. (See p. 235.)

2. Acid interior of a composite sill, Eudh' a'Chromain, more or less

completely devitrified. The more complete devitrification has
caused the separation of less basic plagioclase, together with some
orthoclase and quartz. S. 18488. X 18. (See p. 235.)

3. Tholeiite. Upper edge of the basic portion of a composite sill,

Eudh' a'Chromain. Narrow lath-shaped crystals of labradorite and
chloritized augite, in a brown glassy matrix charged with magnetite.

S. 18480. X 18. (See p. 235.)

4. Tholeiite. Basic stony portion of a composite sill, Eudh' a'Chro-

main, showing the characteristic structure assumed by these rocks.

The constituents are labradorite and hypidiomorphic augite, with
a relatively small amount of residual glass. S. 18490. X 18.

(See p. 235.)

5. Cognate xenolith, in the lower basic portion of a composite sill,

Eudh' a'Chromain. The xenolith consists of glomeroporphyritic

bytownite and greenish augite. The enveloping tholeiite is similar

to that shown in fig. 4. S. 17173. X 15-5. (See p. 238.)

6. Cognate xenolith, in the lower basic portion of a composite sill,

Eudh' a'Chromain. The xenolith consists of bytOAvnite and hyper-

sthene. The hypersthene is sharply idiomorphic and intensely

pleochroic. The felspars are idiomorphic, of large size, moulded
on the hypersthene, and their composition is that of basic labra-

dorite or bytownite. S. 16598. X 18. (See p. 238.)

Plate VII.

Accidental Xenoliths.

Fig. 1. Sillimanite-buchite, 3500 feetnorthof westof Ormsaig. Needles
of pale-pink sillimanite, embedded in clear pale lavender-coloured

glass. Distinct fluxion-structure is developed locally. The rock
is slightly vesicular, the vesicles being filled with zeolites and
calcite, and results from the simple fusion of an aluminous shale.

S. 18005. X 36. (See p. 243.)
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Fig. 2, Sillimanite -cordierite - buchite, 500 yards north-east of

Abhuinn Bail' a'Mhuilinn, 1000 yards north of west of the bridge

over Allt a'Mhuchaidh. The rock contains a few large and many
small crystals of anorthite, in a glassy matrix that is partly mag-
matic and felspathic and partly a sillimanite-cordierite-buchite, as

figured. The cordierite-crystals are particularly well-formed. The
rock suggests the incomplete solution of aluminous shale in a

tholeiitic magma. S. 18529. X 131-5. (See p. 245.)

3. Cordierite-buchite, Allt a'Mhuchaidh, 1000 yards above the

bridge. Composed of beautifully-formed crystals of cordierite,

many showing complex twinning, in a matrix of brown glass. The
rock is due to the local solution of aluminous xenolithic material

by the tholeiitic magma. S. 17997. X 10. (See p. 245.)

4. Sillimanite-cordierite-buchite, Ormsaig. Large well-formed

rose-pink crystals of sillimanite, and crystals of cordierite crowded
with minute brownish-green spinels, in a brown glassy matrix.

The striking feature of the rock is the size and colour of the

sillimanite - crystals : their large size suggests long - continued

heating and relatively-slow crystallization. S. 18001 a. x 11-

(See p. 245.)

5. Siliceous xenolith of partly dissolved sandstone, Feorlein Cottage,

Carsaig. The individual quartz-grains show beautiful tridymite-

fringes, now reverted to quartz. Large plates of tridymite, similarly

changed, occur in the glassy matrix. S. 20283. X 20, (See

p. 240.)

6. Siliceous xenolith, south-east of Gortein Driseach. The quartz

has undergone resorption by a melt of mixed character that has

consolidated as a streaky glass. Tridymite-fringes occur around
the quartz-grains, and cordierite is to a small extent developed in

the matrix. The rock has been produced by the action of a

tholeiitic magma on a quartzite. S. 16067. X 11. (See p. 239.)

Plate VIII.

Fig. 1. Small crystals of anorthite, showing evidence of rapid growth, forming
in a glassy magmatic matrix. They are the result of reaction

between the magma and an aluminous xenolith, and are accompanied
by spinel. Allt a'Mhuchaidh. S. 17998 a. X 15. (See p. 244.)

2. Anorthite-sapphire-spinel assemblage. The normal crystal-

line aggregate that appears to result from the initial action of the
tholeiite-magma on an aluminous xenolith. S. 16611. X 12*5.

(See p. 240.)

3. This shows the crystallization of sapphire and deep-green spinel in

brown magmatic glass. Both minerals are separated from the
glass by zones of anorthite-crystals. The manner in which the
crystals of anorthite are planted upon the spinels is particularly

striking ; see also fig. 4. Allt a'Mhuchaidh, 1000 yards above the
bridge. S. 17999. X 7. (See p. 247.)

4. Another portion of the same section with higher magnification. Note
the well-formed crystals of anorthite growing in brown glass, and
planted on an elongated crystal of greenish-brown spinel. The
spinel is possibly pseudomorphous after sillimanite. S. 17999.

X 42. (See p. 247.)

5. Anorthite-spinel assemblage of an aluminous xenolith, showing
green spinel and anorthite in eutectic relationship. The structure

probably results from the reheating of the ordinary spinel-anorthite

aggregate of an aluminous xenolith—a point emphasized by the
occurrence of pseudomorphs after cordierite within the anorthite

of another part of the slide. Old Road, 100 yards north-west of
Feorlein Cottage, Carsaig. S. 20286. X 29. (See p. 247.)
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Fig. 6. Aluminous xenolith, shoAving anorthite full of minute crystals

of corundum and invaded by magma. The magma has resorbed
part of the original felspar with its excess of alumina, bringing
about the groAvth of a less basic felspar in optic continuity with
that previously existing, and the precipitation of well - formed
plum - coloured spinels. A large crystal of spinel occupies the
centre of the field. Eiidh' a'Chromain. S. 16605. X 12. (See

p. 245.)

Plate IX.

JFig. 1. Xenolith invaded by tholeiitic magma. The mass consists of anorthite

full of sillimanite-needles which have been partly re-dissolved, with
the subsequent growth of secondary felspar on the remaining
anorthite. The later felspar is free from sillimanite, and consists

partly of anorthite, partly of oligoclase, which forms the outer-

most zone and sends skeleton growths out into the glassy matrix.

The later formation of the felspar of more acid character has been
accompanied by the precipitation of the excess of alumina as

sapphire and spinel. The sapphires (of which several are shown
in the figure) are surrounded by feathery growths of oligoclase.

Eudh' a'Chromain. S. 17177. X 13-5. (See p. 245.)

2. Xenolith invaded by tholeiitic magma. The section shows anorthite

full of sillimanite, and a silhmanite-buchite invaded by dark tho-

leiitic matter (glass). Resorption of anorthite with its contained
sillimanite has taken place, followed by the crystallization of large

dark-green spinels (and cordierite enclosing spinel). A less basic

felspar, following solution of the sillimanite-bearing anorthite, has
grown outwards from the undissolved anorthite, and forms a
noticeable zone between it and the magmatic glass. Shore a quarter

of a mile from the mouth of Allt Coille Moire. S. 17405. X 16.

(See p. 247.)

3. Original anorthite of a xenolith full of sillimanite undergoing partial

resorption by tholeiitic magma, -svith the separation of the excess

of alumina as corundum and spinel, and the feathery crystallization

of a less basic plagioclase (oligoclase) in the matrix. Eudh a'Chro-

main. S. 17178. X 13-5. (Seep. 248.)

4. Junction of normal tholeiite with sillimanite-buchite, showing a re-

action-zone : this zone consists of basic plagioclase and cordierite.

Cordierite occurs in relatively large crystals growing into the

buchite, is enclosed in the anorthite, and forms a narrow band
between the anorthite and the tholeiite. A few crystals of cord-

ierite occur within the tholeiite itself near the junction. Old road
100 yards north-west of Feorlein Cottage, Carsaig. S. 20289.

X 9. (See p. 245.)

5. Original sillimanite-bearing anorthite invaded and resorbed by magma,
with the consequent crystalhzation of a sillimanite-free felspar of

less basic composition on the undissolved nuclei. Eudh' a'Chro-

main S. 16603. X 45. (See p. 245.)

-6. An example of the breaking-up of the primary anorthite- sillimanite

xenolith and resorption by magma. The excess of alumina fur-

nished by the resorbed anorthite and sillimanite has been precipitated

as a deep plum-coloured spinel and corundum. A regrowth of

basic plagioclase edged with oligoclase has taken place on the un-

dissolved felsijar-fragments, and shows white in the figure. The
melt surrounding the large spinels finally consolidated as oligoclase,

skeleton spinels, and glass. Nuns' Pass, Carsaig. S. 20271.

X 7. (See p. 254.)
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Plate X.

Fig-. 1. Sillimanite-buchite invaded by magma, with the resultant

formation of large crystals of cordierite in a dark giassy matrix

charged with acicular crystals of felspar, which range from

labradorite to oligoclase in composition. The cordierite- crystals

contain sillimanite-needles which are identical with those of the

buchite, and are evidently the undissolved residue of the same.

The sillimanite is pale pink in both cases. Shore 700 yards

south-west of Tiroran. S. 18532. X 18. (See p. 246.)

2. Shows the formation of beautiful crystals of cordierite (partly pmi-

. tized) as the result of the reaction between the igneous magma and

a sillimanite-buchite. The cordierite-crystals are large and well-

formed next to the buchite, but smaller and full of spinel nearer to

the true igneous rock. Pink sillimanite occurs as in the above

cases, and is obviously of earlier formation than the cordierite.

Coast 3500 feet slightly north of west of Ormsaig-. X 9. (See

p. 246.)

3. This rock consists of an aggregate of anorthite- crystals (large colour-

less area) that contain small sapphires and a plum-coloured spinel.

The anorthite has suffered resorption with the subsequent crystal-

lization of labradorite upon its edges. Large cordierite-crystals,

free from inclusions and often exhibiting beautiful twin- structure,

have developed in the magmatic matrix. One such crystal of

cordierite occupies the centre of the field. Slightly north of west

of Ormsaig. S. 18003. X 17, crossed nicols. (See p. 246.)

4. Brecciated anorthite - xenolith invaded by magma, with

attendant resorption. The part of the section figured shows the

result of the resorption of the original xenolith in the precipitation

of large, well-shaped, reddish plum-coloured spinel, crystallization of

feathery oligoclase-andesine, and the formation of large rectangular

crystals of cordierite in a glassy matrix. North of Feorlein Cottage,

Carsaig. S. 18493. X 25. (See p. 248.)

5. Edge of a sillimanite-anorthite xenolith acted upon by magma, and

showing the regrowth of basic felspar on the resorbed anorthite.

Spinel and less basic lath-shaped plagioclase have formed in a

glassy matrix. Note the circular form of an amygdale in the

upper part of the figure. E,udh' a'Chromain. S. 16601. X 15.

(See p. 245.)

6. This shows the brecciation of the primary sillimanite-bearing an-

orthite, its partial resorption by magma, and the concomitant

precipitation of a plum-coloured spinel and oligoclase in a glassy

matrix. North of Feorlein Cottage, Carsaig. S. 18492. X 18.

(See p. 254.)

Discussion.

Sir Jetheo Teall said that, so far as he knew, this was the

most perfect case oi its kind that had ever been described. The

paper was evidently of great interest and importance.

Mr. G-. Baerow congratulated the Author on the valuable

results of his work on the inclusions of sedimentary material

caught up in a volcanic magma at a great depth below^ the

surface. The evidence produced by the Author seemed to indicate

clearly that the mineralogical changes had been produced at a

considerable depth. The Author was fortunate in having to deal

with a material that from its composition could only have been a

pure shale originally. The distinctive minerals are the same as
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those characterizing the higher thermal zones of the Archaean
rocks, and occur continuously through belts of considerable

breadth and of unknown length. The Author's work thus sup-

ports the view now generally entertained that the distinctive

minerals in the Archaean rocks are due to deep-seated changes.

Dr. J. W. Etajs^^s remarked on the number of important facts

disclosed by the Author's communication, and the interestino-

deductions which he drew from them. It was remarkable that an
argillaceous rock should contain as much soda as that found in

the buchite, and that the ratio of potash to soda should be
increased by the metamorphism due to an igneous rock con-

taining more soda than potash. He thought that the changes
described might have taken place at a comparatively-moderate

depth.

The Author expressed his gratification at the reception ac-

corded to his paper, and thanked the speakers, especially Sir Jethro
Teall, for their kind remarks. As pointed out by Mr. Barrow,
he considered himself extremely fortunate in having such beautiful

material to work upon. In reply to Dr. Evans he admitted the

somewhat unusual alkali-ratio presented by the buchite ; but

analyses of aluminous sediments show that an excess of soda

over potash is occasionally met with, and he would rather regard

this as an inherent property of the shale than as a result of

metamorphism. With respect to the depth at which the meta-
morphism of the xenoliths was accomplished, all that could be

said was that it took place within the magma-basin and under

a pressure sufficient to prevent the expulsion of any constituents

in a gaseous form.



part 3] A COMPOSITE SILL AT NEWTOX ABBOT. 261
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I. Introduction.
The sill which is described in this paper forms the smnmit and
part of the northern flank of Knowles Hill, Nev^ton Abbot,
6-inch Ordnance-Sm-vey Map 109, S.E. The hill is bomided on
all sides except the western by the alluvium of the Teign and its

tributary the Lemon ; it forms a prominent hog-back lying in the
fork between the two rivers. The base of the hill is formed of

Upper Devonian slates, and these are continuous to the west,

Fig. 1.

—

Sketch-map of Knowles Hill, Newton Abhot, on the

scale of 6 inches to the mile, or 1 : 10,560.

i^^l Alluvium

r^^ Dolerite

l^H Picrite

M Mugearite

where, at a distance of about half a mile, another outcrop of

dolerite occurs at Highweek Chm^ch. The occurrence of picrite

was discovered by Busz, and a short description of the sill and of

the presence of original quartz is given in the Geological Survey

Memoir on the ' Greology of Newton Abbot,' No. 339, 1913.

Q. J. a. S. No. 311. t
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II. Field Eelatioxs.

CO

O

§5

The summit of Knowles Hill has been quarried, and a smaller

quany exists by the footpath on the

north of the hill, bordering the Teign
alluvium. The rocks described are

mainly from the upper quarry. The
northern slopes of the hill are in

pastm-e, and the exposm-es are too

Aveathered to admit of a peti'ographic

description of the rocks ; on the east,

the geological lines have been drawn
from very limited exposures, as the

area has been completely built over.

The sill is intrusive into Upper
Devonian slates ; its lower boundary
is indicated by the fact that the floor

of the quarry is in slates, the whole

of the sill having been quamed away.

The upper limit is indicated by the

occurrence of spotted slates, the

alteration extending for a distance of

6 to 9 inches from the contact ; this

clearly shows the intrusive natm'e of

the dolerite. The total thickness

estimated from these facts gives, at

the southern wall of the quarry, only

15 feet ; within a distance of 30
yards this has expanded to 30 feet,

^'.'.^ j^ 3 and the top is not seen, the sill on

the north-eastern face becoming more
laccolitic in habit. The notable

differentiation occurs in the narrow
portion. A thin cover of slates

separates this upper quarry from a

w \:"\\N^ '-' 2 ^ small outcrop on the south-east, and
at the edge of the same field on the

south-south-west picrite is visible

beneath a thin cover of slates. It is

probable that the top of the quarry

is very little below the upper limit of

the sill.

Some evidence can be obtained for

the existence of small thrust-planes

or slig-ht faultino- :

—

>

(i) The slates on the floor of the quarry
are not spotted.

(ii) The slates on the south-west of the

quarry abruptly change from purple to black, and are accompanied by a more
compact rock ivhich appears to have been a tuff, but has also undergone
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contact-alteration ; in these rocks there were formerly found excellent large

specimens of Trimerocephalus. The average dip on the south of the summit
is 30^ to 35° south-south-eastwards, indicated by the junction of the spotted

slates, by the ' bostonite '-vein, and by the inclination of the junction at the

floor of the quarry.

In the lower q-uany the upper surface dips steeply westwards at

60"^, altering the overljdng slates, in which Posidonomya venusta

is found ; the lower surface is beneath the Teign alluvium. North
of the summit the slope is steep, and it is possible that the dyke-

feeder of the sill is here ; but no satisfactory evidence could be

obtained to decide this point.

III. Macroscopic Chaeactees.

Upper Quarry.—Three rock-types are here in evidence—

a

dark picrite, ordinary dolerite Aveathering a rusty brown, and pale

veins cutting the dolerite ; these are much lighter in colour, and
the ferromagnesian minerals are evidently present in but small

quantity.

(«) The picrite is dark green, with black spots of olivine, and
the augite shows slight ' schiller ' effect ; the rock is hard and re-

markably fresh. Its most characteristic feature is the ' xenolithic
'

structure and a certain amount of veining ; the interspaces are

•occupied by a very decomposed brown material, weathering simi-

larly to the ordinary dolerite. Sections were made, but showed
only a structureless chloritic mass. The brecciated appearance is

due to these xenoliths, and the occurrence is very similar to that

described by Dr. A. Harker from the Skye peridotites ; the later

doleritic magma has partly resorbed the picrite, further proof of

which will be found in the discussion of the xenoliths in the

dolerite.

A larger, greyish vein is formed of a decomposed clayey

material with fibres of tremolite ; this has also broken down, and a

few fibres only can be extracted whole. The exact relations of

this vein cannot be ascertained, as it disappears vertically down-
wards ; its formation may be due to subsequent movement along a

•doleritic vein in connexion with the slight thrusting already

mentioned or during the injection of the ' bostonite '-vein
;

tremolite is found in the picrite, but as an alteration-product of

the augite.

(5) Xenoliths in the dolerite.—The picrite thins out rapidly,

and here the rock has been quarried for a few feet more nearly

along the strike ; but picrite is not visible. The dolerite weathers

uniformly, except for some isolated patches from which the

crust is easily removed, exposing a hard centre. At first sight,

this appears to be due to spheroidal weathering, but the junction

is fairly sharp, and microscopic examination confirms the presence

of xenoliths ; they appear to be restricted to a zone in close

-association with the salic vein. It will be seen later that tliese

t2
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are cognate xenoliths obtained from the picrite, and have been
partly absorbed and carried forward by the dolerite intmsion.

(c) Vein of salic facies :
' bostonite.'—A conspicuous feature is

the white vein dipping 35° south-south-eastwards, in the same
direction as the jointing of the dolerite—its weathered surface is

of a light buff colour. In the upper right-hand portion a much
thinner band is just visible ; this has weathej-ed to a darker colour.

The veins are strongly jointed perpendicularly to their surface,

giving a partly columnar effect. The fresh rock is bluish grey and
felsitic in appearance. There are no noticeable contact-effects,.

and the vein is sharply marked off from the surrounding rock ; but
the latter is so decomposed for over a foot below the surface that

n3 sections could be cut to determine the exact contact. That the

vein is later than the dolerite is inferred from the columnar
jointing and the sharpness of the contact. Both veins dip beneath
the quarry-floor, and cannot be proved to cut the picrite.

{d) Fine-grained modification of the dolerite.—In the south-

western portion of the quarry the wall is low, and a portion about

a foot below the top is noticeably less weathered, of greener colour

and finer grain. This merges imperceptiblj'' into the ordinary

dolerite. AYithin a few feet, on apparently the same horizon, tlie

dolerite is coarse-grained. This fine-grained rock will be defined

as the 'mugearite ' modification.

(e) The dolerite which forms the bulk of the intrusion calls for

no detailed description, its chief characteristic being the facility

with which it weathers to a rusty-brown ' wacke.'

(f) Lower Quarry.—The rock here is uniform and more
compact than the dolerite from the upper quarry. It is of a

predominant green colour, much veined by calcite. So far as I

have examined it, the picrite or salic veins do not occur, the rock

being dolerite throughout. The slates at the contact are altered

to a depth of 2 or 3 inches only, as in many dyke occurrences.

IV, Peteogeapht.

(a) The picrites.—In hand-specimens these are dark-green

rocks, with black patches of olivine and augite showing slight

schillerization. In thin section the most notable constituent is

olivine in subhedral crystals and smaller grains, the smaller olivines

being partly enclosed in poikilitic augite-plates.

The olivine is optically ^^ositive, with an angle in air of about 70"",

indicating that it belongs to the forsterite end of the series. Its

alteration -products are characteristic of the olivines of plutonic

rocks : at first a heav}' border of magnetite appears ; this gradually

extends into the interior, forming magnetite dendroids, and the

crystal becomes completely veined by magnetite ; later this is re-

sorbed in the formation of serpentine and calcite. The augite is

purplish, and is probably a titan-augite, as in the augite of the

essexites ; it gives extinction-angles wp to 35^ or 40°. The augite
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alters to a pale hornblende giving extinctions of 15°, and low
yellows of the first order : this is referable to tremolite ; accom-
panying this is a similar hornblende giving straight extinctions

and more fibrous with rathei' less colour, probably anthophylhte.

Another colourless augite occurs as subhedral crystals with straight

extinction, accompanying the larger olivines ; it is positive and
without pleochroism, exhibiting the characters of an enstatite.

The biotite occurs in strongly coloured red-brown laths, a few
of which are partly bleached to a pale crimson-brown; it is biaxial

with a small angle, and pleochroic in dark chestnut-brown.

The felspar varies in amount, some of the rock approaching the

peridotites ; it gives extinction-angles in the fcAv symmetrical

sections observed up to 30^, indicating a basic labradorite. Much
of it is strongly zoned, and some of the felspar ground is probably

nearer anorthite. Apatite occurs in short blunt prisms. The
iron-ore is always opaque, and the presence of chromite or any
other spinel has not been established. Serpentine after olivine

forms about 10 per cent, of the rock.

A Rosiwal analysis of a section was undertaken, and is compared
with an analysis by Busz :

—

I. II.

SiOa 40*12 40-24

AU)^ 776 9-59

FeO
MgO
CaO
NasO
K2O

16-01

23-69

6-53

1-20

0-53

17-94

22-04
7-20

1-23

0-50

HoO 4-03

TiOa 0-37

P.O. 0-18 ,

100-42 98-74

Specific gravities = 2'96 and 2-97.

I. Picrite, Knowles Hill, Newton Abbot. Busz. (Partial analysis.) 1

II. Do. do. do. do. do. Rosiwal analj^sis.

(b) Xenoliths in the dolerite.—Slides from the outer parts

of the xenoliths show nearly the normal character of the dolerite.

The augite is subophitic ; occasionally it may be subhedral, and is

not quite fresh. Some small tracts of chlorite or serpentine are

referable to olivine ; the felspar is andesine, giving extinction-angles

up to 20°.

Slides from the central parts show a much greater proportion of
ferromagnesian minerals. The augite is in part poikilitic to the
smaller olivine-pseudomorphs ; in general it is subophitic. In
PI. XI, fig. 1 is seen a large pseudomorph after olivine, mainly
serpentine with some residual magnetite. A hornblende with very
pale-green pleochroism is secondary after either augite or the

^ Quoted by J. P. Iddings, ' Igneous Rocks ' vol. ii (1913) p. 337.
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serpentine ; it is nearer actinolite tlian tremolite. The specific

gravity=2 -So.

(c) Boston ite-veins.— In hand-specimen these are bluish

grey in the fresh rock and felspathic in appearance. In thin

section the rhombs of plagioclase are conspicuous. This is of two
kinds : one with albite-lamell^e well developed, and the other with

the peculiar streaky appearance of soda-orthoclase. All gradations

can be followed, from coarse checjuer-structure to the finest micro-

cline ; often there is a central chequer-crystal siuTOunded by
chlorite, in turn surrounded by a newer growth of soda-orthoclase.

The chequer-structure indicates an albite ; but a Becke determina-

tion of the refmctive index shows that this is higher than in

albite, being slightly above that of the balsam of the slide.

Extinctions are not easily measured, but appear to be nearly

straight : probably the felspar is referable to potash-soda-oligo-

clase-albite. A fair amount of orthoclase occurs in anhedral

grains.

Chlorite occurs between the crystals, as well as inclusions.

Prehnite is an alteration-product of the felspar ; there are also a

few small grains of epidote, and tremolite in outer portions.

The rock approaches nearly to the salic variety of the albite-

dolerite of Trusham as regards the felspars ; it approaches the

bostonites from the point of view of the scarcity of the ferro-

magnesian minerals. The following Eosiwal analysis is compared
with these rocks :

—

I. II. III.

SiOs o3-59
AloOg 17-80

FeO & Fe--.03 . 11-82

MsO 2-U
Cat) 1-34

fS) ::::::::: }
^-^^

52-00 58-47

13-06 16-11

7-32 7-75

2-84 1-58

4-59 0-94

4-68 5-18

3-78 4-34

Totals 96-81 93-27 9437

Specific gravity = 2-66.

I. Bostonite-veiu, Knowles Hill. Eosiwal analysis.

IL Bostonite, Onston Xess. Orkneys.

^

III. Albite-diabase, felspathic variety, Trusham.- E. G. Radley.

In I, 46 per cent, albite was calculated as Ab^An^ 22 per cent.,,

soda-orthoclase as 17 per cent. Xa-f K, and T'o per cent, orthoclase,

the felspar totalling 76*6 per cent, of the rock. An analysis was
conducted on the same rock by means of a Harada-Brogger tube

and the felspar separated by the Sonstadt solution ; the felspar and
the heavy minerals were weighed, about 2 grammes of jDOwder

^ Quoted by Dr. F. H. Hatch, ' The Petrologv of the Igneoiis Eocks '" 1914,

p. 240.
^ •' Geology of the Conntry aroimd Xevrton Abbot' Mem. Geol. Siirv, 1913,

p. 62. (Both analyses are modified.)
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being used : this gave a reading of 72 per cent, for the felspar,

agreeing fairly closely with the Kosiwal analysis.

{d) Fine-grained dolerite (' mugearite ' variation).

—

In thin section the plagioclase-laths give a trachytic aspect to the

section, and the extinction is sensibly straight ; the average length

of these laths is about 1*5 mm. The plagioclase is not all of one

kind ; in addition to these, more tabular felspars and some inter-

stitial grains of unstriated felspar referable to orthoclase occur.

In one case this could be established by a Becke test, giving a

refractive index lower than that of balsam. The tabular crystals

give extinction-angles up to 12"^ or 14°, and are evidently oligoclase-

andesine, the refractive index being equal to that of quartz. The
lath-felspars form about 35 per cent, of the rock ; their refractive

index is below that of quartz, and with the straight extinction this

indicates oligoclase. In addition to these, a few rhombs are seen

presenting the streaky appearance of soda-orthoclase. A fair

amount of chlorite occurs, but no fresh augite ; in some cases the

chlorite may be after small olivine. The final product of crystal-

lization is quartz moulding some of the felspar, and containing

small elongated needles of apatite : hence this is primary. Larger
quartz-grains occur, notably corroded, with inlets of the ground
and with a border of granular chlorite ; this is xenolithic quartz.

Calcite is present in grains. The iron-ore appears to be always
magnetite.

The rock presents considerable affinities to the mugearites, jfas

defined by Dr. A. Harker. A partial Rosiwal analysis is compared
with the percentages given by him ^ :

—

I. Per cent. II. Per cent.

Oligoclase 57*5

Orthoclase 12'5

Olivine, etc 26'5

Apatite 3'5

'

100-00

Oligoclase

Oligoclase- andesine.

Orthoclase

37-53

11-04

5-71

Quartz
Chlorite

Magnetite

Totals

0-81

35-51

9-38

99-98

Specific gravitj' = 2-76. Specific gravity = 2-79.

I, ' Mugearite ' variation of dolerite, Knowles Hill. Rosiwal analj'sis.

II. Mugearite, Druim na Criche (Skye).

The lower specific gravity is probably due to secondary altera-

tion. The Knowles-Hill rock is more basic, and analcite was not
found, although carefully searched for ; the texture is also coarser.

(e) Dolerite.—The sections of dolerite display no especial

features beyond the occurrence of quartz, both original and xeno-
lithic. They are not ver3^ fresh, even at some distance from the
surface. The augite is usually ophitic to subophitic, but in some

1 ' The Tertiary Igneous Eocks of Skye ' Mem. Geol. Surv. 1904, p. 265.
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of the slides (X 20) ^ there are two generations, smaller ciystals

^vhich are eiihedral and showing diallage striation, and a later

ophitic generation : in N 18 the angite is ophitic throughout. The
plagioclase is of an acid yariety, giving extinction-angles in sjm.-

metrical sections up to 15°, with a refractive index higher than
quartz, and is referable to andesine ; in jST 15 this is acid, in

]Sri8 it becomes more basic. Orthoclase appears to be present in

most of the slides—in X 15 it forms about a third of the felspar,

showing gradation towards a monzonite facies.

Accessor}^ minerals are quartz, iron-ores, and apatite. The
bigger grains of quartz shoAV corrosion -borders with granular
epidote or chlorite, and deep inlets occupied by chlorite ; the

smaller grains are anhedral to the felspar, and contain prisms of

apatite of the same size as in the normal rock. The amount of the

quartz varies, in some cases amounting to at least 3 per cent.

The iron-ore may be either ilmenite or pyrites, rarely magnetite.

Secondary minerals are epidote in considerable quantit}" after

felspar, and chlorite after augite. The texture is generally rather

fine-grained, becoming coarser with the occurrence of euhedral

augite. Specific gravity=:2'81 and 2'84.

A further variety of the dolerite occurs as a small outcrop on
the flank of the picrite south-east of the field, adjacent to the

quarry. The sections cut var}^ considerably, but all contain some
olivine. The latter is unevenly distributed ; in X 21 olivine is

the chief ferromagnesian mineral, in N 22 augite is in much
greater proportion. Enstatite generally" accompanies the olivine

when it occurs in considerable quantity. Part of the felspar is

much decomposed ; some undoubted andesine occurs, and is much
fresher. The decomposed felspar shows no twin striation, and is

considered to be orthoclase—in X22 this forms about half the

felspar. A fair amount of chlorite is present, and the iron-ore

is ilmenite. Although the rock is much weathered, the olivine is

notably fresh, and is not as much altered as the olivine in the

picrite. Quartz forms the last product of cr^^stallization, and
contains ajDatite ; further, the felspar is euhedral to it : hence this

quartz is original.

This variety of the dolerite is very restricted in distribution,

occurring onh^ in one part in immediate contact with the picrite.

All other sections of dolerite, apart from the xenoliths, contain

no olivine. This particular variety is a differentiation-facies of

the picrite, in which the proportion of felspar is notably increased.

But this explanation is not accepted for the rest of the olivine

occun'ence in the xenoliths, in view of the facts just stated.

(y) Lower Quarry: dolerite.—The rocks here are com-
pletely chloritized, the original mineral having been augite.

The felspar proves to be andesine, where it is fi'esh enough for a

^ The niunerals N 20, etc. refer to the slides which I have presented to

the Museum of Practical Geology, Jermyn Street, London, S.W. 1.
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determination ; but much of it is chloritized, with the development
of glassy-clear secondary albite. Quartz occurs in considerable

cpantity, both original and xenolithic ; ilmenite or pyrites re-

presents the iron-ores ; and secondary minerals are epidote and
calcite, the latter forming veins. The specific gravity is 2*59, this

low figure being due to the altered character of the rock.

V. Summary and CoNCLrsiONS.

The sill described in the foregoing pages is intrusive in the

Upper Devonian formation, the intrusive character being indicated

by the spotting of the slates. It has been shown that differenti-

ation has taken place, resulting in rocks which vary from picrites

through dolerites to bostonite. The picrite forms the base of the

intrusion, and has slight lateral extension : it has been partly re-

sorbed by the dolerite, Avith the formation of basic xenoliths in the

dolente and of xenolithic structure in the picrite ; the junction

is well defined. The dolerite forms the main mass, and the latest

products of the differentiation are the bostonite-veins. Mugearite
occurs as a modification of the dolerite. Quartz is an original

constituent, and has also been obtained from outside sources,

perhaps from Lower Devonian grits beneath the slates.

Differentiation has not taken place in situ, as the junctions do

not shade one into the other, but are always sharp—except in the

case of the mugearite.

The order of differentiation is of decreasing basicity, and hence

probably represents a plutonic phase, although the scale of the

intrusion is of the minor order.

Stratification of the picrite and dolerite took place in the magma
reservoir, parts of the picrite were carried forward by the dolerite,

and the bostonite was of slightly later production, but earlier

than the final cooling of the sill, as it shows no selvage.

The albitic final phase of differentiation suggests a Culm age

for the intrusion.

EXPLANATION OF PLATE XL
Eig. 1. Xenolith in dolerite (N 10 A). Summit Quarry, Knowles Hill

(Newton Abbot). From the central part of the xenolith. Glomero-
porphyritic aggregate of chlorite and serpentine after olivine ; augite-

plates at the lower edge. The texture of the olivine is subhedral, as

in the picrites. Ordinary light, X 30 diameters. (See p. 265.)

2. Fine-grained dolerite, ' mugearite variation ' (N 14). Summit Quarry,
Knowles Hill. Oligoclase-laths giving a trachytic aspect. On the

right edge is a small orthoclase, north-west of this two small

anhedral quartzes, while below is a small rhomb of soda-orthoclase.

Crossed nicols, X 35 diameters. (See p. 267.)

3. ' Bostonite '-vein (N 9). Summit Quarry, Knowles Hill. Rhombic
sections of chequer oligoclase-albite, with inclusions of chlorite.

Three crystals in the central upper part on the right show coarse

chequer-structure ; to the left of these are two rhombs of soda-

orthoclase. The central crystal shows albite-lamellae, nearly at

extinction. Crossed nicols, X 30 diameters. (See p. 266.)

4. Soda-syenite segregation in albite- diabase, West Quarry, Trusham
Station. This shows sections of albite and soda-orthoclase, which
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may be compared with the crystals in fig. 3. Crossed nicols,

X 30 diameters. (See p. 266.)

Fig. 5. Olirine-dolerite (X 22). Edge of field, Knowles Hill. Olivine-
crystal in the centre, orthoclase on the left. The remainder of the
slide consists of andesine, augite, and quartz. Ordinary Hght, X 30
diameters. (See p. 268.)

6. Dolerite (X18). Summit Quarry, Knowles Hill. Augite subophitic
to andesine : quartz on the right. The iron-ore is ilmenite. Crossed
nicols, X 30 diameters. (See p. 267.)

Discrssiox.

Dr. J. S. Flett Tvelcomecl this paper as a contribution to the

peti'OgTaphy of the greenstones of Corn^Yall and Devon. Thfr

diabases of that province not unfrequently showed a tendency to

develop an ' alkaline ' facies, especially in the abundance of

felspars rich in soda ; but, in the speaker's experience, many of

them had been extensively ' albitized,' either dm*ing crystallization

or shortly after consolidation. The abundance of albite was note-

worthy also in the pillow-lavas and keratoph}T.'es, which he supposed

were the effusive representatives of the same magma. Analcite

was very i-are in these rocks, and it seemed possible that albiti-

zation occurred in place of analcitization when the post-volcanic

solutions emanating from the magma were comparatively siliceous.

]Mi'. L. Hawkes said that two types of quartz from the dolerite

were described, and it was sus'O'ested that the laro^er individuals

with corrosion-embayments had been derived from a sandstone.

The speaker asked whether these crystals were scattered evenly

throuo'hout the rock, and whether thev alwavs occmTcd sins^lv.

From, the origin indicated by the Author one would have expected

to find iiTegularly distributed fi-agments, some built of more than
one individual. The speaker had found big corroded quartz-

grains quite commonly in basic rocks in Iceland, where no sand-

stones were known, and had come to the conclusion that they had
either crystallized from the basic magma, or had been incorporated

from an acid one, in some way not yet satisfactorily explained.

Mr. A. K. Wells said that he had difficulty in agreeing with

the use of certain rock-names for some of the specimens exhibited.

In particular he would like to ask the Author whether his

' mugearite ' showed any of the structural and textural pecu-

liarities characteristic of the type-rock as defined by Dr. A. Harker
fi'om Skye. As Harker's 'mugearite" was a well-individualized

type, it was perhaps undesirable to apply the term to a rock which
appeared to resemble tlie type in one particular only—the compo-
sition of the felspar.

The ArTHOE expressed his thanks for the reception accorded to

his paper. In reply to Mr. Hawkes, he stated that most of the

quartz Avas primary, a few isolated and coiToded crystals only

being considered secondary. In reply to the criticism of nomen-
elatm-e by Mr. Wells, he said that ' mugearite ' had been used as a

generalized term for oligoclase-dolerite, and 'bostonite" for an acid

differentiate of a basic magma.
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8. JuEASsic Plants from Ceylon. By Prof. Albert Chaeles

Sewaed, Sc.D., F.R.S., Pres.G.S., and Richaed Eetc

HoLTTUM, B.A. (Eead Januaiy 18th, 1922.)

[Plate XII.]

The plants described in this paper were collected by Mr. E. J.

Wayland, Government Geologist of Uganda, in the course of a

mineral survey of Ceylon : they are the first fossil plants recorded

from the island. Several small though well-defined impressions

of plants were discovered at Tabbowa in the North-West Province

(lat. 8° S., long. 80° E.) in a pale-yellow shale resting ' directly on

Archa?an rocks and folded in with them.' In writing to Dr. A.

Morle}^ Davies, from whom we received the collection, Mr. Wayland
speaks of the discovery of the plant-beds as the result of ' the

most arduous work ' that he has ever done :

—

' dense jungle and lateritic earth masked exposures, and mosquitoes were
dreadful. The monsoon was late, and one by one men fell sick, and the day
came when all the men (and headman) were down. Then, after doctoring-

them to the best of my ability, I proceeded to carry on the work alone,

cutting my own path through the jungle and doing everything myself.'

The results obtained b}^ Mr. Wayland are of considerable

importance from a phytogeographical and a stratigraphical point

of view.

PTEEIDOPHYTA : Filicales. Fam. ? Osmundace^.

Cladophlebis eeteesa (Feistmantel) [=?Todites William-
SONI (Brongniart)]. (PI. XII, figs. 13, 15 «, 15 I, & 16.)

The three imperfect pinnse referred to this species are character-

ized by the relatively broad axis and the Cladophlebis type of

venation. The venation is most clearly seen in fig. 15 h, which
represents a crushed fragment with short and broadly rounded
pinnules attached by the whole base. These and the more linear

pinnules shown in fig. 16 agree very closel}^ with examples of

Todites Williamsoni figured from the Jurassic rocks of

Yorkshire,^ Graham Land ^ on the borders of Antarctica, and
many other regions. The smaller specimen shown in fig. 13 may
belong to the same species, but the venation is invisible. In the

absence of fertile pinnules we cannot with complete confidence

refer the specimens to the Osmundacese, although, in view of the

occurrence of fertile pinnules in the Graham-Land beds and their

close agreement in habit with the Ceylon fragments, an Osmund-
aceous affinity is probable.

^ Seward (00) pi. xv, fig. 1. Numerals in parentheses refer to the Biblio-

graphy, p. 276.
2 Halle (13) pi. iii, figs. 1-5.
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We have no doubt of the specific identity of the Tabbowa fossils

with those figured by Feistmantel ^ from the Jurassic rocks of the

jNIadras coast as JPeco])teris reversa, and we therefore adopt his

name in preference to Todites JViUiamsoni, substituting Glado-

])lilel>is for JPecopteris.

FILICALES IXCERT.E SEDIS.

Cladophlebis de:nttctjlata Brongniart. (PL XII, figs. 11 «,

llh, 12, 14. a, &M5.)

This designation is used in a comprehensive sense, as standing

for a group of fern fronds which cannot (in the sterile condition)

be assigned to well-defined species in the stricter sense.- The
specimen shown in fig. 12, probably from near the distal end of a

pinna, has falcate pinnules, while that reproduced in fig. 11 bears

pinnules with more nearh^ parallel sides. The relatively broader

pinnules seen in fig. 11 resemble in shape those of fig. 16 ; but the

slender axis of the pinna in the smaller impression is a feature

more suggestive of Clado'plileljis denticulata than of Todites. In

the three specimens, figs. 11, 12, & 14, the laminae are entire and
the secondary veins show a single dichotomy (figs. Ylh & 14 5).

If larger specimens were available, it might be possible to differ-

entiate between the fragmentary pinnae ; but we prefer to include

them under the single group-name Cladoplilehis denticulata, which
comprises sterile fronds from Jui-assic localities in almost all parts

of the world.

Except in their smaller size, the Ceylon s^^ecimens agree with
those figured by Oldham as ^ecopteris indica ^ and later by
Eeistmantel as Alethopteris indica from the Rajmahal Hills,^ also

with Aletliopteris ichithiensis figured by Eeistmantel from the

Jabalpur Group. ^ Two small specimens, figui-ed by Eeistmantel

from the Madras coast ^ as Aletliopteris indica, appear to be

identical with the Tabbowa impressions. A small specimen figured

by Halle fi'om Grraham Land 7 as Cladophlehis sp. is similar to

that in fig. 12, and his C. ohlonga from the same locality is

indistinguishable froin our examples. It is, however, impossible

strictly to differentiate between pinnae of this general type, and,

unless fertile pinnules are discovered, we consider that the better

course is to adopt the comprehensive group-name Cladoplilehis

denticulata.

^ Feistmantel (79) pi. i, fig. 5 ;
pi. ii, figs. 1, 2, & 7.

2 For synonymy, see Seward (00) p. 134.
^ Oldham & Morris (63) pi. xxvii.
* Feistmantel (77) pi. xlvi, figs. 3 & 4.

^ Feistmantel (77^) pi. ii, figs. 2-7.
^ Feistmantel (79) pi. i, fig. 1.
' HaUe (13) pi. ii, fig. 4.
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FILICALES(?) or CYCADOPHYTA.

TiENioPTERis SPATULATA McClelland. (PI. XII, figs. l-4ib, 5y

6a & 6b, 7,8a So 8h, 9,10a, & 10 h.)

Although it has been customary to regard Tceniopteris as a

genus of ferns, the evidence brought forward by Mr. Hamshaw
Thomas, 1 in support of his contention that the European Jurassic

species Tceniojjteris vittata is a Cycadean frond, leads one to

suspect that some other sterile T<jenio])ieri8 leaves may also be

Cycadean. The species T. sjyatulata was founded by McClelland ^

on leaves which he spoke of as abundant in the Jurassic plant-beds-

of the Kajmahal Hills in Bengal. He described them as ' linear,

2-3 ins. long, narrow at the base, becoming broader towards the

apex, or sub-spatulate.' McClelland's figure of the type-specimen,

as Zeiller ^ says, does not suggest accu.racy in details. There is,

however, no doubt of the identity of McClelland's leaf with those

subsequently figured by Oldham ^ from the same locality as

Stangerites spatulata and by Feistmantel ^ from the Grodaveri

district and the Madras coast as Angiopteridium spathulatum.

T(sniopteris leaves are the most abundant fossils in the Tabbowa
Beds. The leaves are simple, entire, linear, 2 '5 to at least 5 cm.

long, 0*25 to 1'5 cm. broad. Some of the fragments are probably

from leaves longer than that shown in PI. XII, fig. 1. The apex
is acuminate or bluntly rounded, the lamina tapers very gradually

towards the base, a strong midrib gives off lateral veins, almost at

right angles, which are dichotomously branched, usually once close

to the midrib or occasionally near the margin. There are 25 to 40
veins per centimetre of lamina (figs. 4 J, Qh, Si, & 10&). The
lamina of the fragment seen in fig. 5 appears to be lobed, but this

may be accidental. The curved form shown in fig. 9 is j)robably

an abnormality, and may be the result of injury.

In 1860 M'Coy ^ named some leaves from Yictoria Tceniopteris

Daintreei, which (it is generally acknowledged) are identical with
T. spatulata-, but M'Coy's designation was afterwards employed by
W. Carruthers for a larger and almost certainly a distinct species

from Queensland. One of us, in an account of a collection of

Jurassic plants from Yictoria,''' used M'Coy's specific name, in

place of the older designation of McClelland, without any adequate
reason, for specimens which are indubitably identical with the

Ceylon leaves. Dr. Walkom^ has more recently figured T. spatulata

1 Thomas (15) p. 127.
2 McClelland (50) pi. xvi, fig. 1.

3 Zeiller (03) p. 76.

4 Oldham & Morris (63) pi. vi, figs. 1-7.
5 Feistmantel (77^) pi. i, figs. 6 b & 7 b

; (79) pi. i, figs. 8-13 & pi. ii, figs. 3,

5-6.
6 M'Coy (60) Proc. p. x.
'' Seward (04) p. 168. In this paper a synonymy is given.
8 Walkom (17) p. 30 & pi. v, fig. 2 h. See also Dun (98) p. 390.
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from the Walloon Series of Queensland and from Jm'assic rocks

in New South Wales. ^ Arber has recorded T. Daintreei, this

specific name being used instead of T. spatulata., from several

localities in New Zealand.^ Some leaves figured by Feistmantel

from the Indwe River (Cape Province),^ as T. Daintreei are

indistinguishable from the Ceylon specimens. Etheridge * records,

but unfortunately does not figure, T. spatulata from Natal, in

association with G-lossopteris and JPhyUotheca. In view of the

fact that in India this species is confined to beds above those

containing Glossopte7^is, it would be interesting to know whether
Etherido-e's determination is correct. The association, in the

Hhstic plant-beds of Tongking, of leaves named by Zeiller

T. spatulata ° and some members of the Glossopteris flora

.supports Etheridge's record ; but it is noteworthy that the

Tongking leaves are characterized by a well-marked transverse

folding of the lamina, which imparts to them a corrugated

appearance unlike any other fronds of T. spatulata. Although
Zeiller's specimens bear a close resemblance in form and venation

to those from Tabbowa, we feel some doubt as to their specific

identity.

aYMNOSPERM^. Coniferales. Fam. Araucarinese.

Araxjcarites cutchensis Feistmantel. (PI. XII, fig. 17.)

The imperfect cone-scale, 1*5 cm. long, represented in fig. 17

.shows the impression of a single median seed and the torn distal

end of the scale, which was probably acute. Some of the smaller

examples described by Feistmantel ^ from the Madras coast as

A. catcJiensis are very similar to the single cone-scale from Ceylon.

This species is recorded also from G-raham Land," and it does not

differ in any very definite characters from certain Araucarian cone-

scales from European, American, and Australian localities.^

CONIFERALES INCERT^ SEDIS.

Brachyphtllum mamillare Brongniart. (PL XII, fig. 19.)

This fragment of a slender branched shoot, although too small

to be determined with certainty, appears to be identical with the

finer branches of larger examples figured by Feistmantel ^ from the

Jabalpur Grroup as ^racliyplixjllam mamillare^ a widel}^ distri-

buted Jurassic conifer. The crowded appressed leaves, apparently

1 Walkom (19) pi. viii, fig. 3.

2 Arber (17) p. 46 & pi. vi.

•^ Feistmantel (89) pi. ii, fig. 11.
^ Etheridge (01) p. 72.

5 ZeiUer (03) pi. xiii, figs. 6-12.
^' Feistmantel (79) pi. xiy, figs. 6-9 & pi. xvi, fig. 15.
'' HaHe (13) pi. viii, figs. 3-10.
8 Seward (19) p. 264.
^ Feistmantel (77") pi. xiii, fig. 1.
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disposed spiral^, and the "habit o£ the twig support a reference to

BrachypliylUcm. Some American Cretaceous examples of J^racliy-

phyllum have been assigned on anatomical grounds by Jeffrey to

the Araucarinese, but it would be rash to assume this affinity for all

the numerous impressions included in the genus.

Elatocladtjs pla]S"a (Feistmantel). (PL XTI, fig. 20.)

The piece of foliage shoot shown in fig. 20 bears two-ranked

leaves spirally disposed, reaching a length of 3 cm., and barely 1 mm.
broad. There is a well-marked midrib, and the lamina tapers

gradually towards an acute apex ; the lower margin is decurrent.

Shoots of this type are figured by Feistmantel ^ from the Madras
coast as Taxites planus. In view of the impossibility of

determining the affinity of specimens such as these, we adopt the

non-committal generic name Elatocladus.

PLANTA INCERT^ SEDIS.

Desmiophtllum sp. (PL XII, figs. 18 <5^ & 18 6.)

This fragment of a linear leaf, 8*5 mm. broad, has seven parallel

veins about 0*5 mm. apart. The impression is not sufficiently well

preserved to demonstrate the presence or absence of interstitial

' veins.' It may be a piece of a Podozamites leaf, a leaf of

Phoenicopsis, or a fragment of a Cycadean leaflet. It agrees

closely with some of the specimens from Indian Jurassic beds
named by Feistmantel ^ Podozamites lanceolatiis, and it is also

very similar to a small specimen figured by Feistmantel from the
Madras coast ^ as a piece of a Cycadean leaflet. In view of the
impossibility of determining accurately the specimen, we employ
the convenient designation Desmiophylhim^ It is, however,
noteworthy that while Podozamites is known from Indian beds,

Phoenicopsis has not been recorded from the Gondwana Series.

CONCLTJSIOl^.

The following is a list of our determinations :

—

Cladojphlebis reversa (Feistmantel)

\_=Todites Williamso7ii (Brongniart)].
Cladopfdehis denticulata Brongniart.
Taeniopteris spatulata McClelland.
Araucarites cutchensis Feistmantel.
Brachyphylluin mainillare Brongniart.
Elatocladus plana (Feistmantel).

Desm.iophyllu')n sp.

Five of these species we believe to be identical with plants
recorded by Feistmantel from the Madras coast, and in all

^ Feistmantel (79) pi. xiii
;

pi. xiv, figs. 1, 2, 4 & 5.

2 Id. (772) pi. iii, figs. 7-14 & pi. iv
; (79) pi. ix, figs. 9 & 10.

3 Id. (79) pi. ix, fig. 11.
•* For the application of this name, see Seward (19) p. 70.
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probability DesmiopliyUum sp. is identical with some of the

imperfect leaves from the Indian beds. It is significant that the

rocks in the Madras region containing Jurassic plants are said bj
Medlicott & Blanford ^ to rest "unconformablv on gneissose strata,

presumably of Archaean age. From Trichinopoli, where these

Madras beds are represented, the distance to Tabbowa in Ceylon is

about 200 miles, and in both localities there appears to be the

same relation to older igneous rocks. In our opinion, the flora

is unquestionably Jurassic in age, and probably dates from the

Lower Oolite. Formerly, the Madras beds were included as the

Kota Series with the Maleri Series ; but recently Mr. G-. de P.

Cotter 2 has shown good reason for separating the Kota from the

Maleri Series, and assigning it to a Lower Oolite and L'pper

Liassic horizon. The pala&obotanical evidence is consistent with
this conclusion.
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EXPLANATION OF PLATE XII.

[AU the figures are drawn of the natural size, except those with numbers
followed by b.]

Figs. 1-10 6. Teeniopteris spatulata. 4 b, 6 b, 8 &, 10 5 X 3.

11 a, 11 b, 12, 14 a, 14 b. Cladophlehis denticulata. 14bx3.
13, 15 a, 15 b, 16. Cladophlehis reversa. 15bx2.

Fig. 17. Araucarites cutchensis.

Figs. 18 a & 18 b. Desmiophyllum sp. 18 b enlarged.

Fig. 19. Bracliyphyllum, mainillare.

20. Elatocladus plana.

Discijssio:?^.

Dr. A. MoELET Davie s said that the discovery of these Jurassic

plants was the outcome of the enthusiasm of Mr. Wayland, who
had made the collection in circumstances of the greatest difficulty.

He greatly regretted that Mr. Wayland, who was on his way to

England, had not been able to be present to give an account of

his field-work.

The Peesidei^t (Mr. E. D. Oldham) commented on the
interest attaching to the discovery of these beds in Ceylon, as

carrying on the deposits known in the Madras coastal region, and
extending the length of the margin of the continent of Gond-
wanaland which had been previously traced.

Q. J. G. S. No. 311. u
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9. 0)1 a Collection of Caebontfeeotis Plants from Peeu.^

By Prof. Albeet Chaeles Sewaed, Sc.D., F.R.S., Pres.G-.S.

(Read April 12th, 1922.)

[Plate XIII.]

In the course of a geological expedition to Peru in 1911 Mr. J. A.

Douglas collected some fossil plants from coal-bearing strata on
the south side of the peninsula of Paracas, a few miles south of

the port of Pisco (lat. 13° 45' S.). The plants, which are the

property of the Greological Department of Oxford University, were

handed to me for identification by Mr. Douglas, who also supplied

information on the geology of the district. The specimens, though
fragmentary and few in number, are worth I'ecording, since this is

the only known occurrence of fossiliferous Palaeozoic rocks on the

coast of Peru. 2 Moreover, from a phytogeographical point of view,

any fossil plants from South America are worthy of attention.

The coal occurs in a series of greenish sandstones and grey and
black carbonaceous shales, which have a north-easterly strike and
dip about 25° south-eastwards. These are overlain unconformably
on the neck of the peninsula by Tertiary sandstones and impure
limestones. There is no definite stratigraphical evidence of the

age of the coal-bearing beds, and the plants are therefore of special

importance : in other districts the sti'ata which are the chief source

of Peruvian coal are Mesozoic in age. Mr. Douglas informed me
that the rocks in question were described by Friedrich Fuchs,^ who
published a note on them in 1900 in the ' Boletin de Minas ' (Lima).

Fuchs recorded the following species, and assigned the beds to the

Upper Coal Measures :

—

Calamites Suckowi Brongniart. C.

Sphenopteris Hartleheni Dtmker.
W.

Lepidodendron Sternhergii Brongniart.

C.

Sigillaria tessellata Brongniart. C.

Baiera pluripartita Schimper. W.
|
Stigmaria ficoides 'Bvongmsivt. C.

Four of these species (C) are well-known Northern Hemisphere
Carboniferous plants and two (W) are Wealden species. It is

obviously impossible to express an opinion on the nature of Fuchs's

specimens. A short account of the geology of the district is

given by Mr. V. F. Marsters, who states that Fuchs mapped the

whole area as Carboniferous, the plants being typical Carboniferous

species : the fact that two species are characteristic of Em-opean

^ After this note had been sent to the Geological Society, a preliminary

paper on 'Carboniferous Plants from Peru' by E. W. Berry, to be followed

by a fully illustrated account, was published in the 'American Journal of

Science' ser. 5, vol. iii (1922) p. 189. Mr. Berry's conclusion is that the
Paracas plant-beds ' correspond to the Westphalian stage.'—[A. C. S.]

2 Douglas (21) p. 250. Numerals in parentheses refer to the Bibliography,

p. 283.
•^ This paper has not been seen, either by Mr. Douglas or by myself.
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Wealden floras was not noticed. The account of the geology of

the district by Marsters is as follows :

—

' The geolog-y of this district was studied by Don Federigo Fuchs, and
according to his map the whole area is Carboniferous. The area termed
Cerro de la Mina is occupied by Carboniferous strata, as the fossil flora

indicates ; the plants are typical species of the Carboniferous Period. The
best exposure of the beds is to be seen on the coast between the house of the

Director of the Exploration Company and the Punta de Huaca. This shows
thick beds of sandstone with thin and fissile shales, the coal being associated

with the shales ; local folding, attenuation, and pinching-out of the seams are

common phenomena. The dip of the strata varies in direction from S.40° E.

to S. 45° E., at angles between 16° and 27°. If we examine also the north-

western boundary of the Cerro de la Mina on the south-eastern slope of the

little valley of the Arquillo, we observe the same lithological conditions as in

the former region. The Carboniferous strata are clearly in contact with rocks

which are, without any doubt. Tertiary. In many places the shales are very
carbonaceous, containing at times thin lenticles of pure coal. The dip of

the beds varies from 16° to 20° ; the whole formation is inclined towards the
south-east.

' After having visited this region, Seuor Bravo states that west of the

Cerro de la Mina Carboniferous sediments exist in the neighbourhood of the

Punta de Lechuza.' ^

To Mr. Douglas I am also indebted for the following extract

from a paper by Prof. C. I. Lisson (13) :
—

' In the year 1900 Prof. Fuchs published the discovery of a Carboniferous

flora situated on the peninsula of Paracas. Although a revision of the de-

terminations adopted by Fuchs is necessary, nevertheless it is a proved fact

that the plants show decisively the presence of a Carboniferous deposit.'

Here again is no reference to the fact that Fuchs's list included

some typical Wealden plants.

In view of the inclusion of two Wealden species in the list of

plants given by Fuchs, it is noteworthy that the occurrence of a

Wealden flora was recorded in Peru in 1907 and 1910.^

A photograph of the coal-bearing beds on the Pacific coast is

published in a book by H. Enock ^ on the Andes and the Amazon

:

this author speaks of the coal-deposits of Peru as one of the

country's most valuable assets. These carbonaceous deposits are

of Mesozoic, and not of Palaeozoic age.

So far as I am aware, no Upper Carboniferous flora, in which are

not included members of the Glossopteris flora, has been described

from South America.

Description of the Specimens.

Sphenopteris sp. (PL XIII, figs. 1-3.)

The collection includes several fragments of pinnae, pieces of

rachis, and pinnules of a fern-like plant, although these are un-

fortunately not sufliciently well preserved to be identified with

^ Marsters (09) pp. 40-41. This extract is taken from a translation kindly
made for me by Mr. Douglas.

2 Neumann (07) ; Zeiller (10).
•^ Enock (07) p. 207.

u2
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certainty. The best specimen is shown in PI. XIII, fig. 1 : the

branched axis is longitudinally striated and smooth ; the pinnules

are more or less deltoid, deeply dissected, and the ultimate segments
are obtuse or truncate. A smaller piece of pinnule is reproduced

in PI. XIII, fig. 2. The broader piece of rachis seen in PI. XIII,
fig. 3, if found without any associated pinnules, might be mistaken
for a portion of a Corda ites leaf.

Pig. 1 recalls Sjplienopteo^is fiircata Brongniart, an Upper Car-

boniferous species by some authors referred to Diplotmema or

Pahnatopteris ; but in the Peruvian pinnules the segments are

obtuse, and not acute as in Splienopteris furcata. Comparison
may also be made with JEremo])teris onissoiiriensis Lesquereux, as

figured by D. White ^ from the Lower Coal Measures of Missouri,

in which the ultimate segments are obtuse or truncate. Specific

determination is probabh" impossible, and the occurrence of ferns

or pteridosperms, in both Upper and Lower Carboniferous strata,

with pinnules very similar to those shown in figs. 1 & 2, precludes

any definite conclusion as to the question of geological age.

Several Lower Carboniferous species have been figured, in which
the pinnules bear a very close resemblance to the Peruvian

specimens ; the deeply-dissected form of the lamina suggests com.-

parison with pinnules of species of IRliodea and Sj^Jienofteridium?"

Lepidodejs'deox sp. (PI. XIII, figs. 4-6.)

This specimen, part of which is shown in fig. 4, is an impression

on a carbonaceous sandstone of a piece of a stem or branch 16*5 cm.
long and 3 cm. wide, with several attached and indistinctly pre-

served leaves spreading over the rock at the edges. The fossil is

doubtless part of a Lepidodendroid plant ; the surface does not

reveal at all clearl}' the form of the leaf-cushions, except at the

lower end. An examination of the carbonized surface shows im-

pressions of linear leaves pressed against the stem. Fig. 5
represents a single leaf-cushion, with a leaf-scar and the impression

of part of a leaf. The specimen seen in fig. 6 shows more clearly

the form of the leaves, each of which has a midrib.

These specimens unfortunateh' do not enable one to determine

with any confidence the precise age of the plant-beds, as Lepido-

dendroid plants generally resembling that from Peru occur in both

Upper and Lower Carboniferous strata.

SiGiLLAEiA sp., or Lepidodexdeox sp. (PI. XIII, figs. 7 & 8.)

The two specimens reproduced in figs. 7 & 8 are pieces of a stem
having contiguous leaf-cushions which bear leaf-scars agreeing both

with some tj^pes of Sigillaria, as, for example, Sigillaria JBrardi

Brongniart, and with certain species of Lepidodendron. On the

upper part of several leaf-cushions there is a small circular scar,

1 WMte (99) pi. V, figs. 1-3 a & pp. 6-19.
2 See Nathorst (20) pi. i, figs. 11-13.
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presumably a ligule-pit. No vascular-bundle scars or parichnos-

scars can be detected. Sigillaria Brardi, although mainly a

Northern Hemisphere Upper Carboniferous species, is recorded

also from South Africa ^ and Brazil.^ Some of the numerous
specimens figured by E. Weiss as Sigillaria mutans Weiss ^ closely

resemble the small pieces shown in figs. 7 & 8. On the other hand,

comparison may equally well be made with species of Le])ido-

dendron from Lower as well as from Upper Carboniferous beds.

Bothrodendron (?) 6fp. (Natural size.^

BoTHRODENDRON (?) sp. (PL XIII, fig. 9, and text-figure.)

Although it is by no means certain that the specimens shown in

PL XIII, fig. 9 and in the text-figure belong to the same species,

they may be considered together and regarded as possibly specifically

identical, or at least very closely allied. The flattened piece of stem
seen in fig. 9 is characterized

by the spirally-disposed and
widely-separated, slightly-

prominent leaf-scars. Most
of the surface is bereft of

any carbonaceous film, and
does not exhibit the original

surface - features ; but, on
the right-hand side, a thin

carbonaceous layer probably
represents the actual surface,

and on magnification the

outlines of cells are clearly

visible. The leaf-scars are

prominent, transversely

elongated, and rhomboidal.

On the partly-decorticated

surface there are discon-

tinuous longitudinal ridges

and an irregular transverse
wrinkling, but on the carbonized film no wrinkling is seen. There
is 110 indication of any leaf-cushion, no ligular pit, and only a very
faint suggestion in a few of the scars of a median vascular scar.
The leaf-scars shown in the text-figure are rather more rounded,
and appear as slightly concave areas (not projecting as in PL XIII,
fig. 9).

In the small and widely-separated leaf-scars these fragments
agree with Bothrodendron, BinaJcodendron, and Asolamis. The
form of the leaf-scar and the absence of a leaf-cushion are features
more suggestive of Bothrodendron. The last-named genus extends
from the Upper Devonian to the Upper Carboniferous.

1 Seward (97) p. 326.
2 White (08) p. 458.
^ AVeiss (93) pp. 84 et seqq.
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PlANTA IISX'EET^ SEDIS. (PI. XIII, fig. 10.)

On one piece of sandstone there are faint impressions of crowded

branched filaments, some of which are shown in fig. 10. Their

occurrence in a fairly-dense mass reminds us of the branched

leaves of Dicranopliyllum Ricliiri Penier ^ from the Coal Measures

of Belgium ; but they are more probably portions of pinnules of a

fern-like plant, such as some of the Lower Carboniferous species

referred to Rhodea or Sphenopteridiiim. Generic determination is

hardh^ possible.

Conclusion.

Mr. Douglas, in his recent paper on ' Geological Sections through
the Andes of Peru & Bolivia,' referred to the importance of

obtaining accurate determinations of the plants which he collected

from the Peruvian strata.^ After a careful examination of the

material, I submitted most of the specimens to Dr. Kidston,^ who
kindly expressed his opinion thereon. My first impression led me
to regard the Peruvian plants as Upper Carboniferous in age, and
this conclusion, if correct, would raise a question of considerable

interest, in view of the fact that no member of the Glosso]7teris

flora is included in Mr. Douglas's collection. Dr. Kidston, however,

is inclined to regard the palseobotanical evidence as more favourable

to a Lower Carboniferous horizon. 'A re-examination of the

specimens in the light of his suggestions caused me to modify my
conclusions. The plants are too imperfect to serve as trustworthy

guides : the rocks may belong to the upper part of the Car-

boniferous formation or, on the whole more probabl}^, to the Lower
Carboniferous. Lower Carboniferous plants similar to Northern
Hemisphere types have previously been recorded from South
America ; but, so far as I am aware, no L^pper Carboniferous flora

is known from South America composed exclusively of Northern
Hemisphere tj^pes, with no admixture of members of the Glosso-

pteris flora. The inclusion of two Wealden species in the list

given by Fuchs must be attributed to incorrect determinations

;

none of the specimens collected by Mr. Douglas can reasonably be

referred to a Mesozoic flora. Further research is greatly to be

desired, since the available data are inadequate as a basis for any
positive statement.

Mv thanks are due to Mr. E. E. Holttum, of St. John's Collesre,

Cambridge, for assistance given to me in the preparation of this

paper.

^ Eenier (10) pi. cxvii.

2 Doug-las (21) p. 250.
^ I am greatly indebted to my friend, Dr. Eobert Kidston, F.E.S., for his

helpful criticisms and suggestions.
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EXPLANATION OF PLATE XIII.

[The drawings, with the exception of that reproduced in fig". 5,

were made by Mr. T. A. Brock.]

Fig. 1. Splienopteris sp. Branched axis and pinnule. Natural size.

2. Sphenopteris sp. Smaller pinnule. Natural size.

3. Sphenopteris sp. Piece of rachis, enlarged.

4. Lepidodendron sp. Natural size.

5. Lepidodendron sp. Leaf-cushion ; slightly enlarged. I — impression

of a leaf above the leaf- scar.

6. Lepidodendron sp. Natural size.

7. Sigillaria sp. or Lepidodendron sp. Natural size.

8. Sigillaria sp. or Lepidodendron sp. Natural size.

9. Bothrodendron sp. Leaf-scars as depressions. Natural size.

10. Planta incertae sedis. Natural size.

DiscrssioiS'.

Mr. J. A. Douglas, after expressing his gratitude to the

Author for the trouble which he had taken in studying this

collection, pointed out the possibility that the Wealden species

recorded by Fuchs among Carboniferous forms were derived from
the Cretaceous plant-bearing beds of the Island of San Lorenzo,

and had become mixed with a collection from Paracas.

The speaker considered that the correct identification of these

plants was of great importance, apart from clearing up the

anomaly in Fuchs's list. David Forbes's statement that nowhere
have we evidence of the existence of Carboniferous beds on the
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whole coast of South America was now definitely shown to be

incorrect.

This isolated Palaeozoic fragment of Paracas must clearly be

assigned to the coastal Cordillera, as distinct from the Mesozoic

Western Cordillera, and its existence led to the hope that other

fossiliferous Palaeozoic rocks still awaited discovery among the

crystalline rocks of the coast of Southern Peru. Further, the

evidence afforded by these fossil plants seemed to support the view
that the Andean Cordilleras, although subjected to repeated oscil-

lation, had their origin at a very much earlier date than Avas

generally recognized.

On stratigraphical grounds, it could be shown that an uplift

took place dming the interval between Mid-Devonian and' Permo-
Carboniferous times ; and the surmise that the altitude of the chain

thus formed fell little short of that attained by the existing range
was sus^orested bv the dissimilaritv between the flora of the Pacific

region and that of Gondwanaland on the east. At the present

day the snowclad chain forms an effective barrier to plant-

migration. Was it too much to suggest that similar conditions

prevailed in late Palaeozoic times ? At any rate, it seemed to the
speaker that the argument in favour of a land-barrier separating

the two regions was more plausible than one in favom* of a barrier

formed by the sea.
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10. Desceiption of a New Plesiosaue from the Weald Clay
o/' Berwick (Sussex). By Charles William Andrews,

B.A., D.Sc, F.E.S., F.C.S. (Eead February 22nd, 1922.)

[Plates XIV & XV.]

The Plesiosaurian remains which form the subject of the present

paper were contained in a large septarian nodule from the Upper
Weald Clay of Berwick (Sussex). This nodule was found in the

excavations made by the Cuckmere Brick Company ; it was broken

into many fragments which were, so far as possible, collected by
Mr. S. Tooth, M.Inst.C.E., and by him presented to the British

Museum (Natural History). The pieces, many of which clearly

contained portions of bones, were reunited, and the gaps resulting

from the loss of fragments filled in with plaster of Paris, so that

the original form of the nodule was restored. The extremely hard

matrix was then slowly and with great skill chiselled away by
Mr. L. Parsons, who found that it enclosed a mass of bones for

the greater part thrown together in the utmost confusion, with the

result that their removal was a matter of extreme difficulty.

Despite these drawbacks, however, he succeeded in getting out the

hinder part of the skull and a nearly complete shoulder-girdle, a,ll

the elements of which seem to be quite undistorted by pressure,

a most unusual circumstance. The humeri were also found, but
the rest of the paddles, which probably projected beyond the limits

of the concretion, was lost. Numerous cervical and dorsal ver-

tebrae, ribs, and ventral ribs were found ; but of the pelvis and hinder

limb nothing remained, and only one or two imperfect caudal

vertebrae were preserved.

The skull (PI. XIY, figs. 1 & 2).—This is unfortunately very

imperfectly preserved, the region in front of the orbits being

entirely lost. The posterior portion is also imperfect ; but one
exoccipital bone and the supra-occipital were found lying apart.

The palate is well preserved on the right side, as far forwards as

the anterior end of the sub-orbital vacuity.

The occipital condyle (oc.c.) forms nearly a hemisphere, its

upper border only being somewhat flattened. Ventrally and
laterally it is bounded by a slight groove, but one cannot say that it

is pedunculate. In front of this groove the face of the bone curves

sharply downwards below and outwards at the sides. Ventrally it

terminates in the sharp posterior border of the flat platform pre-

sumably formed mainly by the basisphenoid, but actually covered

by the parasphenoid, which conceals the relations between the basi-

occipital and the basisphenoid. Laterally the basioccipital passes out
into a pair of tuberosities (tubera sphenoccipitalia) which terminate

in flat facets looking outwards and a little downwards. The
portion of the parasphenoid i^'pas) covering the basioccipital
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and basisphenoid has a peculiar!}^ roughened sui'face ; externally it

must have joined the pteiygoids, but the line of junction between

the two elements cannot be seen. Between the posterior inter-

pterygoid vacuities (^p.i.v.^ the parasphenoid becomes Y-shaped,

the Y being considerably above the general level of the palate

;

while the other arm of the Y forms a high sharp crest separating

the two vacuities, in front of which the bone widens out into a flat

plate ^vedged in between the converging anterior ends of the

pterygoids. These {pt) are very large bones, of the usual

triradiate form. The posterior wing is long, and extends back to

the quadrate, which is situated far back behind the level of the

occipital condyle : this portion of the bone is a nearly A^ertical

plate, with a thickened ventral border. Anteriorly it joins the

basis cranii, but its relations to the parasphenoid and basisphenoid

are obscure : it is possible that the pterj^goid may have overlapped

the basis cranii to a considerable extent. In front of this junction

the bone is wide, and its inner and outer borders are nearly

parallel for some distance : there is some evidence that in this

region there was a median longitudinal ridge on the palatal surface.

About opposite the middle of the interpter3^goid vacuities the outer

border turns sharply outwards to form the posterior border of the

lateral wing, and at the same time the anterior limit of the tem-
poral vacuit}^. Towards its outer angle this border is raised into a

ridge and thickened for union with the transpalatine bone, which
unfortunately is not preserved on either side. As already men-
tioned, the pterygoid unites with the parasphenoid in front of the

posterior interpter^^goid vacuities {p.i.v.) and, in front of this

again, meets its fellow in the middle line, there being no anterior

interpterygoid vacuit}^ such as occurs in some Plesiosaurs (for

instance, JP. capensis). Externally the anterior wing unites with
the palatine, and doubtless anteriorly joined the vomers ; but this

portion is broken away.

The palatine (jjal.) unites with the outer border of the

anterior wing of the pterygoid, extending back to the anterior border

of the lateral wing. It forms the inner and anterior border of the

suborbital vacuity, uniting with the maxilla in front. The upper
surfaces of the pterygoids about opposite the level of the middle

of the interpterygoid vacuities unite with the bases of a pair of

bones, the epipterygoids, which run up towards the lower edge

of the parietals ; but their union with those bones has been broken,

in consequence of the compression that the skull has undergone.

The quadrates (q.) unite with the pterygoids by their inner

border, and are extensively overlapped by the squamosals on their

posterior and outer sides. Their anterior face is concave from side

to side. The articular surface for the mandible is wide from side

to side and nan-ow from before backwards, thickening a little

towards its outer end.

The squamosals (sq,) are of the usual triradiate form; their

lower limb overlaps, and unites closely with, the quadrates: the

anterior (zygomatic) process runs forwards, doubtless uniting with
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the jugal and postorbital, completing the outer boundary of the

relatively large temporal fossa. The upper limb of the squamosal

runs upwards to the parietals, forming with them the posterior

border of the temporal fossa ; it cannot be determined whether the

squamosals meet in the middle line above the parietals.

The parietals {par.) form a A-shaped roof to the cranial

cavity; posteriorly (as just described) they are overlapped by the

squamosals : towards the middle of the temporal fossa they narrow,

and rise in the middle line into a high sagittal crest which is

interrupted by a rather large pineal foramen, situated about

opposite the hinder border of the orbits. In front of this the ridge

is continued forwards on to the frontal, and, at the level of the

front of the orbits (orh.), it is very prominent, and is separated

from those openings by a well-marked channel. On the left side

in this specimen there is an element uniting with the outer edge

of the frontals, and forming a rounded upper border to the hinder

part of the orbit : this is doubtless the post-frontal. Between this

element and the temporal arcade is seen the impression of another

bone, the postorbital; this probably united with the jugal

below, but the limits of these elements are obscure.

On the right side the anterior border of the orbit seems to be

formed by a bar of bone (p-f.) curving up from the maxilla towards

the frontals (? prefrontals) ; it cannot be determined whether
this bone is entirely composed of maxilla, or M^hether it may in-

clude other elements, such as the prefrontals.

The maxilla forms most of the lower border of the orbit;

on the palatal surface it widens out, and seems to have borne teeth

about as far back as the middle of the suborbital vacuity. In

front its suture with the palatine can be seen, but posteriorly its

relations with the jugal and other elements are obscure.

The unfortunate loss of the anterior portion of the skull makes
it impossible to say to what extent the snout was elongated, and
renders comparison with other forms difficult. In a general way,
it may be stated that the temporal fossa is larger in proportion to

the orbit than in most Plesiosaurs. The region of the para-

sphenoid and the posterior interpterjj^goid vacuities seem to be the

most useful for purposes of comparison, the thin sharp edge of the

parasphenoid separating the vacuities being very characteristic.

In most Plesiosaurs this region of the parasphenoid is wide : for

example, in Plesiosaurus macrocephalus ^ it is broad, and has a

flattened ventral surface : this seems to be the case also in Crypto-
cleidus, Murcenosaurus, Tricleidus, DolicJiorJiynchops, and to a

less degree in BracTiauchenius, The skull of JKicrocleidus homalo-
spondylus (Owen) from the Upper Lias of Whitby approaches the

specimen here described in the form of its parasphenoid; but
differences in the skull and other parts of the skeleton exclude the

possibility of any near relationship. Unfortunately, the skull of

P. arcuatus is not known. In the nearly contemporary Branca-

1 Q. J. G. S. vol. lii (1896) p. 246.
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saurus hrancai Wegner, from the Wealden of Germany,^ the para-

sphenoid seems to have been very similar to that of our specimen
;

but, on the other hand, the orbits are much larger in proportion

to the temporal fossa and much longer than high. Flesiosaurus
cajyensis Andrews ^ is also A^eiy similar to the specimen now
described in the form of its parasphenoid ; but here also differences

are noticeable. Thus in P. ca.jjensis the orbits are larger, the

pterygoids narrower where they form the outer side of the posterior

interpterj^goid vacuities, and there is an anterior interjDterj^goid

A^acuity ; this last character may, however, be a consequence of the

crushing to which the skull has been subjected. On the whole,

the skull seems to resemble that of P. ccqjensis most nearly, and
probably like it had a short snout somewhat widened in the pre-

maxillary region. It will be shown below (p. 291) that the likeness

to P. cajyensis extends to the cervical vertebras.

The vertebral column is represented by (1) ten cervical

centra from the anterior part of the neck, eight being developed

out of the matrix; (2) nine or ten posterior cervicals (the anterior

five being represented by the arches only) ; three or four transitional

(thoracic) vertebrae (both arches and centra preserved), then six

dorsals, the posterior three represented by the arches only : all

these form a united series
; (3) about six dorsal centra free from

the matrix ; and (4) two or three caudal centra. Some neural

arches still remain in the block of matrix.

The anterior cervical centra (PI. XIV, figs. 3 & 4) are very

imperfect, and much deformed by cracks filled with calcite. The
smallest one must have come from immediately behind the axis

:

it is too imperfect to supply complete measurements, but its length

in the mid-ventral line is about 19 mm., and its width is consider-

ably greater than its height. From this and two or three rather

larger specimens of cervical centra it can be seen that the articular

face was formed b}'' a broad, somewhat convex, outer rim within

which is a well-defined deep central concavity. At the bottom of

this concavity in some cases, a pit marking the position of the

notochord can be seen. The third of the cervical centra (PI. XIY,
fig. 3) in point of size measures 2*2 cm. in length, 2*5 cm.

in width, and 2*5 cm. in height. Another from rather farther

back in the neck is better preserved, and shows very well the deep

concavity of the central portion of the articular sm'face surrounded

by a broad convex border. The central depression on the anterior

face seems to be more strongly defined than that of the posterior

face. The dimensions of this centrum are:—length = 25mm..

;

width=38mm. ; height= 30 mm. ; one of the cervical ribs is

present, its base occupying nearly the wdiole length of the centrum.

The last of the free centra (PL XIV, fig. 4) also has one rib (r.)

attached; its dimensions are :—length in mid-ventral line= about

^ Branca-Festschrift. Leipzig. 1914, p. 235.
2 Ann. S. Afr. Mns. vol. vii (1911) p. 309.
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32 mm.; width=43 mm. ; height = 40 mm. In none of these

vertebrae is the neural arch preserved.

Of the posterior cervicals (PL XIV, fig. 5) only the last fom-

are complete, the five in front of these being represented bj'- their

arches only. The fact that these vertebrae are still articulated one

with the other and are still partly embedded in matrix renders

their description difficult ; but it can be seen that the form of the

articular surface is similar to that of the anterior cervicals described

above. On the sides of the centrum the single rib-facets form
well-marked prominences which occupy rather more than half the

length of the centrum, and are situated nearer the posterior than

the anterior border. Beneath them on each side of the middle line

there is a depression into which a vascular foramen opens ; these

depressions are separated by a well-marked rounded haemal ridge.

The borders of the centra are raised into fine rugosities running at

right angles to the articular faces. The length of the centra is

less than the length or width, and the width is greater than the

height.

The form of the thoracic vertebrae seems to be much like

that of the centra of the posterior cervicals, but doubtless there is

a transition to the condition seen in the dorsals. In these the

ventral surface becomes rounded from side to side, the haemal ridge

disappearing. The ventral surface of the centrum is perforated

near the middle line by a pair of small vascular foramina, and
there is another larger pair situated about a third of the w^ay up
the sides. The articular surfaces are evenly concave, wanting the

convex border seen in the cervicals, so that there is a sharp edge

between the articular surface and the sides of the centrum
which are strongly concave from before backwards. The dimen-
sions of a dorsal centrum are :—length = 31 mm. : width= 55 mm,

;

height= 48 mm.
In the posterior cervical and thoracic regions the neural arches

are large and massive. In the last two cervicals the base of the

pedicle is produced into a short process which extends down to the

costal facet, but does not seem to have reached the rib : in the next

four vertebrae (thoracic) this process of the arch increases in size,

and forms more and more of the rib-articulation until in the first

dorsal it wholly supports it, becoming a prominent diapophysis {d.).

This is compressed from before backwards, and is enlarged tow^ards

its outer end, which bears a somewhat convex facet considerably

higher than wide. Followed back in the series, the dorsal rib-

facets become smaller, and their vertical and horizontal diameters

more nearly equal.

In the posterior cervical and thoracic regions the zygapophyses
are large, and their articular surfaces are flat (making an angle of

about 45° wdth the median plane). They project so far anteriorl}'-

and posteriorly that, when they were in articulation one with the

other, there must have been a small interval between the articular

surfaces of the centra. This interval is, in fact, show^n in this

specimen, and it can be seen that it was partly occupied by a disc
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of hard substance Avhich under the microscope seems to show some
resemblance to calcified cartilage. There does not seem to be an}'-

question of epiphyses on the ends of each centrum, but merely of a

simple intervertebral disc (PL XIV, tig. 5, i.v.d.). Possibly the

large size and prominence of the zygapophyses, the convexity

of the outer rim of the articular surface of the centra, and the

presence of this disc may be connected with increased flexibility

in some directions of this region of the column. In the dorsal

region the thickened rounded border of the articular surface is

wanting, and the concavity begins at the edge which is sharply

defined, also the zygapophyses are smaller and less prominent

:

here the successive centra must have been in direct contact, and
the degree of flexibility consequently much less. The neural

spines of the cervical region are rather short, and curve backwards
;

the convexity of their anterior border is greater than the concavity

of the posterior, so that they narrow towards their apex, which is

occupied by a deep pit, probably marking the position of a carti-

laginous extension in life. Towards the dorsal region the neural

spines {n.sp.) lengthen somewhat, become more upright, and are of

nearly the same width throughout their length.

The cervical and thoracic vertebrae are specially valuable for com-
parison with those of other Plesiosaurs, since in very many cases the

skull and other characteristic portions of the skeleton are unknown.
The most notable character of these vertebrae in the species now
described is the form of their articular surfaces. A similar type of

vertebra occurs in Plesiosaurus capensis Andrews, P. degenliarclti

Koken, P. hej^nardi Owen, Gimoliosaurus valdensis Lydekker, and
in Brancasaurus hrancai Wegner ; also to some degree in Plesio-

saurus arcuatus Owen. Flesiosaurus degenliardti is, however,

distinguished from this species by the possession of cervical centra

which are higher than wide, neural spines with their anterior and
posterior borders parallel, and relatively small zygapophyses.

In P. degenliardti^ if the length of the centrum be taken as

100, the width is 127, the height 152 ; in the specimen here

described, if the length be taken as 100, the width is 155, the

height 146.

Comparison with the cervical of the type-specimen of Cimo-
liosaurus valdensis Lydekker^ shows that the form now described

resembled that species in the shape of its neural spine, but differed

in several other respects. Thus, in C. valdensis the zygapophyses

are relatively smaller and less prominent, and their articular faces

are more nearly horizontal. The articular ends of the centrum are

more nearly circular, and their central concavity (though dee^))

has not the sharply-defined central depression. In Cimoliosaurtcs

hernardi the articular ends of the cervicals are deeply concave

with a convex outer border, but here also the sharply-defined

central depression is wanting ; in this species, too, there is a

strongly-marked oblique ridge running up the side of the arch from

1 Cat. Foss. Rept. Brit. Mus. pt. ii (1889) p. 188, fig-. 61.



part 8] FBOM THE WEALD CLAY OF BERWICK ( SUSSEX). 291

the anterior angle of the pedicle to the posterior zygapophysis, a

ridge which is wanting in our specimen.

Comparison with the vertebrae of Plesiosaurios capens is

Andrews,^ from probably the nearly contemporary beds of Uiten-

hage (Cape Province), shows very considerable similarity in several

respects. The form of the neural spines in the posterior cervical

and thoracic vertebrae is nearly the same ; the articular face of the

centrum has the same sudden depression of its middle portion

;

the zygapophyses in both are large, and project considerably in

front of and behind the articular surfaces. The proportions of

the centra are ahnost the same : thus if, as already mentioned

above, the length of the centrum in the new specimen be taken as

100, the width will be represented roughly as 155, the height

as 146. In P. capensis, under the same conditions, the width

would be 156, the height 138. Differences in the skull, apart

from other considerations, make it very unlikely that the specimen

here described is specifically identical with the South African

species.

JBircncasaurus hrancai Wegner is by far the best known of the

Wealden Plesiosaurs, most of the skeleton having been described

and figured.2 The vertebrae resemble to a considerable degree

those described above, the neural spines and the articular surfaces

of the centra being very similar. On the other hand, the length

of the cervical centra is greater in proportion to their width and
especially to their height; the proportions are:—length= 100,

width= 140, height=112. Other differences in the skull and
shoulder-girdle are mentioned elsewhere (pp. 288, 296).

The shoulder- girdle (PI. XV, figs. 1-3) is in a remarkable

state of preservation, the bones, even the thin clavicular arch, being

quite undistorted. Some parts of the bones are wanting ; but the

remaining portions being retained in their original positions in

the matrix, it has been possible to fill up the gaps, and to restore

accurately the original form of the various elements.

The general form of the shoulder-girdle will be best understood

from the figures. It will be seen that the coracoids {cor.) are

long and narrow. Opposite the glenoid and scapular surfaces they
are thickened, the thickening extending to their median border,

where it ends in a symphysial surface, convex longitudinally above
and concave in the same direction below. The glenoid {gl.) sur-

face, which forms about two-thirds of the articular surface for the

humerus, is nearly flat, and makes an angle of about 120° with the

facet for the scapula. The post-symphysial portion of the coracoids

is thin, and in this region they must have been separated by a short

interval in the naiddle line. The thin inner border of the left

coracoid just behind the symphysis is cut into by a notch with a

thin sharply-defined border : this notch seems to represent the

1 Ann. S. Afr. Mus. vol. vii (1911) p. 309.
^ Branca-Festschrift, Leipzig, 1914, p. 235.
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foramen often seen between the coraeoids in tins position,

^

Posteriorly the coraeoids widen little, but do not seem to have
been produced outwards into postero-lateral processes. In front of

the surface for the scapula the shar2D border of the bone describes

nearly a semicircle, of which the anterior end forms the somewhat
inwardly projecting angle of the long narrow anterior prolongations

of the bone. The s^inphysial union seems to have been continued

to the slightly-expanded anterior end of these prolongations. There
is no emlence that there was any anterior union of the median
processes with the scapulae, but there probably was one with the

posterior processes of the clavicles.

The scapula (sc.) is much thickened at its posterior end where
it bears the surface for union ^vith the coracoid, and also that

forming the upper third of the glenoid surface. These two surfaces

m.eet at an ano-le of about 95^. In front of this thickening^ the

ventral ramus of the bone first narrows, and then widens out into a

broad plate ; the outer border of this is straight, the inner concave,

the antero-internal angle being produced inwards to a rounded
point, which however did not reach the anterior prolongation of

the coracoid or the corresponding expansion of the opposite scapula,

as happens in the Elasmosauridse. There was consequently no
closed scapulo-coracoid fenestra. The venti*al face of the inferior

ramus of the scapula is concave, both from side to side and from
before backwards. The base of the dorsal ramus of the scapula

arises as a high plate of bone from the upper surface of the anterior

two-thirds of the ventral i-amus, into which it passes by a gentle

curve on its outer side ; while on the inner the curve is much
sharper, especially towards the anterior end, the shelf-like surface

thus formed supporting the similarly curved outer end of the

clavicle which fits closely against it. The upper limb of the

dorsal ramus forms a narrow backwardly dii'ected blade of bone,

narrowing towards its upper end : its upper edge is thin and sharp,

the lower somewhat thickened and rounded.

The interclavicle {i.cl.) is a transversely elongated plate of

bone, the upper surface of which is gently concave, as also is its

anterior border. It is widest in the middle line, and terminates

laterally in blunt points. Its postero-lateral borders interlock with

the anterior borders of the clavicles in a close suture : there may
have been a notch or foramen in the interclavicle near its hinder

end, at. or a little in front of, the point where the claA"icles meet,

but the bone is incomplete in this region. Such a foramen is seen

in the clavicular arcli (B.M. R. 1322) of a Liassic Plesiosaur

referred by Lydekker to Thaumatosanrus megacephcdus^ (see

text-figure, p. 295).

The clavicles (cZ.) are rather large bones, the form of which

is shown in the figure. Theii' anterior borders interlock with the

^ For instance, in Cryptocleidus -. see C. W. Andre^vs, Cat. Marine Eept.

Oxford Clay (Brit. Mus.) pt. i, 1910. p. 180, where it is suggested that it

probably transmitted a blood-vessel.

- This is referred below to the new genus Eurycleidus.
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posterior border of the interclavicle, behind which they seem to

have met in a median sutm'e. Their thin posterior edge is strongly

concave ; towards their outer ends they become thickened and
bent sharply upwai'ds, the convex surface thus produced fitting

closely into the shelf-like projection on the inner side of the scapula

(as described above). Apparently the posterior ends of the united

clavicles overlapped the upper surface of the anterior ends of the

forward prolongations of the coracoids, thus closing a large

fenestra bounded by the coracoids, scapula, and clavicles.

The dimensions of this shoulder-girdle (in millimetres) are as

follows :

—

Greatest length of tlie whole girdle as mounted 426
Width of the same at the glenoid cavity 278

Coracoid.
Greatest length 332
Width at the glenoid prominence 153
Least width of anterior prolongations 30
Width of anterior ends of the same 45
Length of glenoid facet about 70

Depth of the same 37
Length of scapular facet 39
Greatest depth of symphysial surface about 28

Scapula.
Greatest length of ventral ramus 150
Width of the proximal end 61

Width of neck about 37
Length of the upper border of the dorsal ramus 193

Greatest width of the anterior border of the ventral ramus. .

.

81

Clavicular arch.
Greatest width of the arch as a whole 218
Antero-posterior length of the same in the middle line about 125
Width of interclavicle about 140

Greatest width of left clavicle 135

This type of shoulder-girdle seems to be a primitive one, being

very similar to that of a girdle from the Lower Lias of Street

(Somerset) which is represented in the text-figure (B, p. U95).

This is part of the type-specimen of Plesiosaurtis arcuatus^^

tigured in Hawkins's 'Sea-Dragons' (1834) and described in part by
E-ichard Owen in the British Association Report on Fossil Keptiles

for 1839 (1840) p. 76. This skeleton, which is in the British

Museum (Natural Historv), was registered under several numbei*s

(2028*-29*, E. 1317-18/, and it is only recently that the bones

of the shoulder-girdle have been developed and mounted with the

advice of Prof. D. M. S. Watson. As now figured (text-fig. B),

it is one of the best specimens of the shoulder-girdle of a

Liassic Plesiosaur known. The clavicular arch has already been
described and figured in detail by H. Gr. Seeley.^ In its general

structure it is very similar to that described above ; but the inter-

clavicle {i.cl.) is wider, and the concavity of its anterior border

^ Referred below to the new genus Eurycleidus.
2 Proc. Eoy. Soc. vol. U (1892) pp. 128-30 & text-figs. 2-3.

Q. J. O. S. No. 311. X
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is more marked. There is a trace of the anterior border of a fora-

men in the posterior prolongation, most of which however has

been broken away. The clavicles (c/.) interlock with the inter-

clavicle in a complex overlapping suture (see Seeley's figure).

Posteriorly they are crushed and incomplete, and so it cannot be

seen whether they met in the middle line or extended back to over-

lap the coracoids. In the very similar but more complete clavicular

arch ascribed by Lydekker to Thaumatoscmrus megaceplialus^

and referred to above, the posterior portions of the clavicle and
interclavicle are much more complete (text-fig. A, p. 295). Here it

can be seen that the interclavicle (i.cl.) is prolonged backwards
into a bifm'cated process, enclosing a foramen or notch (for.).

The clavicles (cl.) overlap on to the ventral face of this prolon-

gation, and appear to meet below it in the middle line, extending

behind it. If the coracoids in this Plesiosaur were similar to those

of P. arcuatus, the clavicles must have overlapped the upper surface

of their anterior prolongations, thus enclosing a fenestra as in the

specimen here described.

The scapula in P. arcuatus is generally similar in form and in

its relation to the clavicular arch, but differs in details from the

Wealden specimen : the ascending ramus is much stouter, and
widens instead of narrowing towards its upper end, which is

occupied by a surface for a supra-scapular cartilage. The anterior

portion of the ventral ramus does not widen out to the same
extent; its inner face against which the clavicle fits is gently

curved, and slopes downwards instead of forming a sharply angu-

lated shelf. The coracoids of P. arcuatus differ in having their

anterior prolongations much broader and shorter. Behind the

thickened symphysial surface in the interglenoid region the median
borders of the coracoids, instead of having their sharp edges

separated by a considerable interval, were fringed with cartilages

which must have met in the middle line. In Brancasamnts also

they are separated for a considerable distance behind the symphysis,

but unite posteriorly at the postero-internal angles.

Lydekker has referred both the reptiles originally described as

JPlesiosaurics arcuatus and P. megacejjlialus, to H. von Meyer's
genus Thaumatosaurus, without any apparent justification. This
genus was founded on some imperfect dorsal and cervical centra,

some fragments of jaw with broken teeth, and some pieces of rib

from the Grreat Oolite of Wiirtemberg. Nothing is known of the

structure oi: the skull, shoulder-girdle, or pelvis ; and it is

exceedingly improbable that the Lower Liassic species above men-
tioned are referable to it. It seems better, therefore, that those

Liassic species possessing the type of shoulder-girdle described

above, as also a double costal facet on the cervical vertebrae in the

centra of which there is no sharply-defined central concavity,

should be referred to a new genus, for which the name Eury-
cleidus may be suggested, the type species being E. arcuatus.

1 See Cat. Foss. Eept. Brit. Mus. pt. ii (1889) p. 167.
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The Wealden species that forms the subject of this paper, while
possessing a shoulder-girdle of similar type, has single costal facets

and a deep central depression in the cervical centra; this mav

A =• Clavicular arcli of Eurycleidus megacephalus (Stutchbury) from below,

about a sixth of the natural size. (B.M. E.. 1322.)

B= Shoulder-girdle of Eur^jcleidus avcuatus (Owen) frora above, about a sixth

of the natural size. (B.M. 2028*-29*, E. 1317-18.)

cL= clavicle ; cor. = coracoid
;
/or.=foramen or notch in the

interclavicle ; i. cL = interclavicle ; sc.= scapula.
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be referred to a second genus, Leptocleidus, its specific name
being Leptocleidus superstes. Probably Flesiosaurus
capensis is also referable to this genus.

The relationship of Leptocleidus to the other Wealden genus

Brancasaurus, if Wegner's account of the shoulder-girdle is correct,

must be remote, since in the latter the scapula) extend inwards and
join the anterior prolongations of the coracoids so that the shoulder-

girdle is of Elasmosaurian type : it seems, however, by no means
impossible that Wegner's restoration of this region may be mistaken.

The dimensions of the shoulder-girdle of Eurycleidus arcuatus
(in millimetres) are :

—

Greatest length in the middle line 558
Coracoid.
Length of coracoid , : , 456
Width of coracoid at the glenoid cavity 211
Width of the anterior prolongations 87
Length of the glenoid surface 87

Scapula.
Length of the body of the scapula 280
Length from the top of the dorsal ramus to the anterior end, about 244
Width of the middle of the dorsal blade 53

Clavicular arch.
Greatest width 359
Width of the interclavicle about 261

The dimensions of the clavicular arch of Llurycleidiis mega-
cepJiahts (in millimetres) are :

—

Greatest width 464
Width of the interclavicle 324
Length in the middle line 153

The humerus of Leptocleidus (PI. XV, fig. 4) was much
expanded distally, but seems to have articulated with the radius

and ulna only. The anterior border of the bone is nearly straight,

the posterior strongly concave. The upper surface is gently

concave in the direction of the long axis, the ventral face being

correspondingly convex. None of the other bones of the paddle

are preserved.

The dimensions of the humerus (in millimetres) are :

—

Length 245
Widthofhead 50
Width of upper end, with trochanter 62
Width of middle of shaft 60
Width of distal expansion 124

The chief interest of Leptocleidus superstes lies in the circum-

stance that, although of Wealden age, it has retained a very

primitive type of structure of the shoulder-girdle, similar to that

found in the Lower Liassic species Eurycleidus arcuatus and
E. megaceplialus. In all these the clavicular arch is large, and the

ventral rami of the scapulae remain widely separated in the middle

line. This type of shoulder-girdle is probably a direct inheritance

from the Triassic ancestors of the group. The tendency to the

reduction of the clavicular arch and its functional replacement by
the expansion of the scapulae to form a median symphysis was
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manifested very early, so that even in the Upper Liassic Micro-

cleidus Jiomalospondyhis there ah*eady appears an Elasmosaurian

shoulder-girdle of a type nearly as advanced as that found in

Oryptocleidus, Murcdnosaurus, etc. from the Oxford Clay : that

is to say, the enlarged ventral rami of the scapulae form a median
symphysis continuous posteriorly with the symphysis of the cora-

coids, while the reduced clavicular arch has already become
functionless or nearly so, and lies within and upon the anterior

scapular expansion. The retention of the primitive condition in

Leptocleidus (and probably in Brancasaurus, if, as seems likely,

Wegner's interpretation of its shoulder-girdle is erroneous) may be

a consequence of the freshwater, probably fluviatile, habitat of this

Plesiosaur, which resulted in its leading a life sheltered from the

great competition that seems to have resulted in more rapid

evolution among the marine Plesios,aurs. A somewhat similar case

occurs among the Cetacea, of which the freshwater Platanistidse

retain nuinerous primitive characters derived from their Squalodont

ancestors. This circumstance H. Winge^ explains as the con-

sequence of their comparatively sheltered habitat in rivers and
estuaries, where they evaded crowding-out by the higher Cetaceans-

It must be admitted, however, that the clavicular arch is not

reduced in all cases in the marine forms : for instance, in Dolicho-

rhyncJiops osborni Williston, from the Niobrara Chalk of Kansas,

the clavicles and interclavicle are of relatively large size, and
the general structure of the shoulder-girdle is not unlike that of

Leptocleidus although the form of the interclavicle is different.

Possibly this Cretaceous species may have originated from a fresh-

water form, which had secondarily adopted a marine life at a

comparatively late period.

The specimens described in this paper, which is published b}^ the

permission of the Trustees of the British Museum, are all pre-

served in the Greological Department of that institution.

EXPLANATION OF PLATES XIV & XV.

Leptocleidus swperstes, gen. et sp. nov.

Plate XIV.

[All figures, except 5, are a third of the natural size.]

Fig. 1. Posterior portion of skull, lateral view.

2. The same, palatal view.

3. Centrum of an anterior cervical vertebra.

4. Centrum of a middle cervical vertebra.

5. Posterior cervical, thoracic, and anterior dorsal vertebrae. A quarter
of the natural size.

[col.= columella ; d.= diapophyses ; -i.t^.fZ.^:intervertebral disc ; ma;.=maxilla
;

n.g^J.^neural spine; oc.c.= occipital condyle; or&.= orbit; pal.^pala-
tine

;
par.= parietal

; j"^^-— P^-^^sphenoid
; p./.= P prefrontal

;
pin.—

pineal foramen; p.i.f. == posterior interpterygoid vacuities; pi.=: ptery-
goid

; q. = quadrate ; r.— cervical rib ; sq. — squamosal.]

^ ' Udsigt over Hvalernes indbyrdes Slsegtskab ' Vidensk. Medd. Dansk
Naturh. Foren. vol. Ixx (1919) p. 104.
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Plate XV.

[All figures are a quarter of the iiatui'al size.]

Fig-. 1. Shoulder-girdle, from above.

2. The same, from the front.

3. The same, from the side.

4. Right humerus, from above.

5. Two middle ventral ribs.

\_cl.= clavicle ; co7'.= coracoid
; for.— opening bounded by scapula, coracoid, and

clavicle; /.=notch or foramen in coracoid; grZ.=glenoid cavity; h.=^

head of humerus; i.cZ.— interclavicle ; sc.= scapula ; h(..= tuberosity of

humerus.]

Discussioisr.

Dr. A. Smith Woodwaed referred to the interest of the section

at Berwick, which shows the top of the Weald Cla}'' and the base of

the Lower Grreensand. The Plesiosaur was found b}^ ]Mr. Tooth in

a well-defined layer of septarian nodules in the Weald Clay. The
specimen was valuable, as showing the true shape of the clavicles

and scapulae : they were isolated in the nodule ; but, when they

were extricated and placed in contact, their curved surfaces fitted

exactly. The neck was evidently more flexible than in the earlier

Plesiosaurs. He agreed with the Author that the new specimen

might be regarded as representing an ancient type, which owed its

survival to its retreat to life in a river or lake.

Baron F. Nopcsa pointed out that in most grouj)S of marine

reptiles one can distinguish a long-necked and a short-necked

series. Among the Lacertilia the short-necked forms are repre-

sented by the Aigialosaiu'ia and their descendants the Mosasauria,

the long-necked by the Dolichosauria ; of the Ichthyosauria,

which are short-necked, the long-necked relatives seem to be the

IMesosauria.

The Peesideistt (Prof. A. C. Sewaed) referred to the close

resemblance between the W^ealden plants of Sussex and those found
in the Uitenhage Series of the Cape Province, a resemblance that

appears to be shoAvn also by the reptilian remains from the two
regions.

The Atjthoe expressed his thanks for the reception accorded

to his paper.

[September 23rd, 1922.]
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I. Ijs^teoductiois^.

(1) General Remarks.

The norite of Freetown (Sierra Leone) was briefl}^ described by
O. aiirichi in 1887, and in 1918 Prof. S. J. Shand^ translated

Griirich's work, adding a few notes. I had the opportunity of

making a detailed examination of this norite, as part of an investi-

gation into the mineral resources of Sierra Leone ; and in the course

of this work it was found that the norite exposed around Freetown
was only one end of a huge noritic complex which made up the whole

^ ' Olivingabbro von Freetown (Sierra Leone) ' Zeitschr. Deutsch. Geol..

Gesellsch. vol. xxxix (1887) p. 108 ; further reference to this paper will be
made below, p. 305.

2 ' The Norite of the Sierra Leone ' Geol. Mag. 1918, p. 21.

Q. J. G. S. No. 312. T
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mountain-mass of the Colony. ^ Moreover, during the examination

iseveral features of considerable interest were observed, including

the assimilation of one phase of the norite by another, the well-

.developed banding in the norite, the segregation of the iron-ores,

.and the sequence of the minor intrusions. These features, together

with an important series of intergrowths of the common minerals,

will be described in the course of this paper. The investigation

into the mineral resources of the Colony, with especial reference to

the iron-ores, formed part of the work of the Greological Survey

•of Sierra Leone during the latter part of 1918 and during 1919,

(2) Physiography of the Area.^

The Colony is a mountainous peninsula adjacent to the undu-

lating low ground which forms the southern part of the Protec-

torate. Its mountains rise steeply from a narrow coastal plain

to a height of nearly 3000 feet ; this plain is continuous with that

•of the mainland, and is due to a Pleistocene uplift of a little

over 300 feet.^ It is made up of marine deposits derived largely

from the denudation of the mountains. (See PI. XVI, fig. 1.)

The mass of the Colony has been carved by erosion from an
elongated stock of norite. As now exposed, the stock is 24 miles

long and 8 miles wide, but it was doubtless much greater originally.

From the southern end of the mass, the Banana Islands (forming

.a part of the same intrusion) extend away to the south-south-west.

In the course of erosion a number of platforms have been carved

into the mountain-mass. The more important of these platforms

attain maximum altitudes of about 2400, 1800, and 1300 feet

respectively ; they can all be distinguished without difficulty from
the summit of one of the higher peaks of the northern end of the

'Colony, such as Leicester Peak, and also from the sea a few miles

west of Freetown Harbour. The highest platform can be seen

:at a level slightly below the summit of Sugarloaf Mountain (see

PI. XVI, fig. 1), the second slightly below that of Leicester Peak,

while the third forms the high ground that encloses Freetown
on the south-east, south, and south-west. The oldest platform
forms the upper limit of the broad middle ridge that traverses the

'Colony from end to end, whereas the second platform is recognized

principally in the even tops of the two lateral ridges that run
parallel with the main ridge ; the third platform can be traced at

intervals around the flanks of the higher platforms. Several

^ The term Colony refers to tliat part of Sierra Leone which lies along
-the coast ; it forms principally a peninsula about 25 miles long- and 9 miles
wide. At the northern end of this peninsula is situated the port of Freetown.
The remaining" part of the country is known as the Protectorate; it

.extends inland for a considerable distance, and covers an area almost as

large as Ireland.
'^ See also F. Dixey, ' The Physiography of Sierra Leone ' Geogr. Journ.

vol Ix (1922) p. 41.

^ See F. Dixey, ' Pleistocene Movements in Sierra Leone ' Trans. Geol. Soc.

S. Africa, vol. xxii (1920) p. 112.

y2
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smaller platforms can be recognized at intermediate and at

lower levels ; those at the lower levels correspond in height ta

low liat-topped hills and ridges that ocenr in neighbouring parta

of the Protectorate.

Erosion of another type has given the stock a deeply-incised

draina^e-svstem which is remai-kable for its regularity and sim^

plicity (see map. fig. 1, p. 300). The principal watersheds are the

three parallel ridges Avhich ti'averse the Colony from end to end^

and two groups of spurs which spread fan-wise from each end of

the mountain-mass ; the ridg-es throw off at ri^ht ano-les a

number of short spurs which, on the northern side at least, are of

very regular form. This arrangement is probably due to the fact

that the master-joints of the stock are parallel and transverse ta

its length in the iniddle portion, but radial at the ends ; and. as the

original covering was denuded, the young sti'eams discovered these

lines of weakness and developed along them. Many bold cliffs,

and joint-faces rising out of the dense bush extend along the sides.

of the main and the tributary valleys.

(3) Size ar.d Form of the Occurrence.

The Sierra -Leone norite is remarkable in bein^ the largest

intrusion of norite of which I have been able to ti'ace any record.

Elsewhere, however, norite is well known to occur in intimate

association with other rocks which form intrusions of enormous,

size. The norite of Sierra Leone is further remarkable in that it

occurs as a stock which, regarded as a basic stock, is of veiy con-

siderable size. Most of the known gTeater basic and ultrabasie

masses, with the exception of certain anorthosites, occur not as

stocks, but rather in the form of enormous laccolites and sills ::

as, for example, the Busliveldt,^ Insizwa,- and Sudbury ^ intrusions.

Both as a basic mass and as a norite-mass, the SieiTa-Leone norite

is far more considerable than any of the British occurrences.^

It is worthy of notice that, so far as can be observed, the Sierra-

Leone norite as a whole shows neither a marginal nor a sti*atiform

structure ; and further, that it is isolated from all other igneous,

rocks, apart from the dolerite-dykes and the small veins of norite-

aplite which traverse it. In these respects it differs considerably

from the important basic masses ah'eady mentioned : the Bushveldt,.

Insizwa. Sudbury, and many other great laccolites and sills exhibit

a stratiform armngement ascribed to the control of differentiatic-n

^ G. A. r. Molen^-aaff. ' Geologie de la Eepublique Sud-Africaine du Trans-
vaal ' Bull. Soc. Geol. France, ser. 4, toI. i (1901) p. 62.

- A. L. Du Toit, 'Eeport on the Copper-Xickel Deposits of tlie Insizwa, cfcc."

loth Ann. Eep. Geol. Comm. Cape of Good Hope (1910) p. 111.

^ A. E. Barlow. ' Xickel & Cojjper Deposits of the Sudbury Mioiiig- District"

Ann. Eep. Geol. Snrv. Canada, vol. xiv, pt. H (1904).
* Xote, however, that certain norites recently described from the neigh-

bonrhood of Himtly in Aberdeenshire attain a considerable size

—

teste H. H.
Eead. in' The Contaminated Magmas of Aberdeenshire ' (paper read to Sect. C.,

Brit. Assoc. Edinburgh. 1921 ^
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b}'" gravity, while others show a similar arrangement due to succes-

sive intrusions, as exemplified by the basic and ultrabasic Tertiary

igneous rocks of Rum.^
Other norites, such as those associated with the Gallowa}^ masses,^

occur as basic phases of granitic intrusions ;
while yet others,

such as those of St. David's Head,^ form one member of a series

that comprises a wide range of rock-types. The norite which we
are now considering possibly possessed a marginal phase, long since

swept away ; but it never had any stratiform arrangement, unless

it was originally very extensive as compared with its present

size. The following observations on the specific gravity of the

norite, ranging from sea-level to the summit of the highest

peak (an altitude of nearly 3000 feet), indicate great irregularity

of structure.

Approximate o -^

Localitu. elevation, ^ .,
''

J- , firavity.m feet.
'' ^

1. Landing-- stag-e, Murray Town 3'06

2. Banana Islands 3'1

7

3. Foot of Charlotte Falls 400 3-23

4. Sand Elevator 500 2-99

5. Wilberforce 700 2-95

6. Waterloo-York road 1000 3-26

7. Leicester Peak 1400 2-87

8. Leicester Peak 1950 2-98

9. PicketHill 2900 2'80

Average of twelve specimens 3*01

Numerous observations on mineralogical composition yield a

similar result. Nevertheless, in the variety and sometimes the

succession of its associated minor intrusions, the norite bears a

strong resemblance to certain other basic masses, such as the

norites of St. David's Head, the Duluth laccolite,^ and the gabbro
of the CuiUin Hills.5

(4j The Intrusions.

The stock is thus made up essentially of a noritic intrusion of

fairly uniform character. But the original mass was invaded
in quick succession by several cognate sub-magmas, all of which
were, however, relativel}^ of very small volume ; at a later date the

complex was cut by numerous dykes of enstatite-dolerite. Most
of these rocks are well exposed along the south-western foreshore

1 'Geology of the Small Isles of Inverness' Mem. Geol. Surv. Scot. 1908,

p. 68.

2 ' The Silurian Eocks of Scotland' Mem. Geol. Surv. 1899, p. 613.
3 J. y. Elsden, ' The St. David's Head Rock Series ' Q. J. G. S. vol. Ixiv

(1908) p. 273.
* M. L. Nebel, ' The Basal Phases of the Duluth Gabbro near Gabamichi-

gami Lake (Minnesota), & its Contact- Effects ' Econ. Geol. vol. xiv (1919)

p. 367. See also N. H. Winchell on this intrusion in Final Eep. Geol. Surv.
Minnesota, vols, iv & v (1899-1900).

•^ ' The Tertiary Igneous Eocks of Skye ' Mem. Geol. Surv. 1904, p. 82.
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of the Colony ; inland, Avhere the bush is verv dense, they rarely

crop out elsewhere than in stream-beds and as joint-faces along the

sides of valleys. The various rock-types will be described below

in their order of intrusion, namely :

—

(i) Older or normal norite.

(ii) Yoimger norites and norite-pegmatite.

(iii) Beerbachite.

(iv) Xorite-aplite.

(v) Dolerite.

(5) Age of the llocks.

Although no field evidence has been found to throw any certain-

light upon the age of the complex, there are many considera-

tions of a general character which indicate that.' while probably

later than pre-Cambrian, it is nevei'theless of very great age.

The only rocks seen in contact with the complex are the-

Pleistocene sediments which rest upon it on all sides, and the-

nearest rocks of an earlier age than these are representatives of an
ancient series of crystalline schists and gneisses which are exposed

in the Port Lokko Creek, 11 miles east-north-east of the north-

western end of the norite-complex. Since the complex is elongated

in a direction parallel Avith the general trend of the coast of this

part of West Africa, it is obvious that few, if any, rocks will b&
exposed on the strike, or on the seaward side, of the complex..

The only crystalline rock known to occur actually on the strike of

the complex is the nepheline-syenite of the Los Islands, situated

off the coast of French Guinea at a distance of 72 miles fi*oni

Freetown ; it is important to notice, however, that the mainland
opposite the Los Islands consists of a series of diabases, gabb:^s,

and peridotites intruded into ancient crystalline schists.^ In the

Protectorate of Sierra Leone, crystalline rocks approach the strike

of the complex in the locality already mentioned, and also in the-

mamland oif the noith-eastern comer of Sherbro Island. Thus it

is seen that all the old rocks exposed on the strike, and on the

landward side, of the norite, over a large area extending from
Liberia to the Los Islands, belong to an ancient series of

crystalline schists and gneisses generally considered to be of

pre-Cambrian age.~ The following considerations show that the

^ A. Lacroix, • Les Syenites Xepheliaiques de rArchipel de Los " Xony.
Arcli. Mus. Hist. Xat. Paris, ser. 5, vol. iii (1911) p. 108. Xote, moreover,
that along the coast of Liberia there are at least fonr masses of g-abbro and
associated basic rocks -n-hich are largely similar in occurrence to the norite of

Sierra Leone, but of smaller size. See also H. Hubert, • Carte Geologiqne
de I'Afrique Occidentale' 1920, and Delafosse, 'Le Liberia en 1907' pt. ix :

Geologie. Bnll. Com. Afriqne Franc. 1907, Xo. 12.

- See A. E. Kitson, 'The Gold Coast : some Considerations of its Structare,.

People, & Xatnral History ' Geogr. Jonrn. vol. xl-rai (1916) p. 377 ; id. • Out-
lines of the Geology of Southern Xigeria (British "West Africa), with especial

reference to the Tertiary Deposits ^ Abs. Proc. Geol. Soc. 1918-19, pp. 100-
105. Also J. D. Falconer, ' The Geology & Geography of Xorthem Nigeria

'

1911. and ' The Geology of the Plateau Tin-Pields ' Bull. Xo. 1. Geol.'Surv.

Nigeria (1921) p. 33.
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norite-complex itself, while probably later than pre-Cambrian,

is nevertheless of very great age ^ :

—

(1) The complex as a whole is unfoliated, although half-enclosed by highly-

foliated crystalline rocks.

(2) The complex is elongated parallel to

(a) The foliation of the crystalline rocks ^
;

(b) to the general trend of the coastline ; since, however, there is

good reason to suppose that the present coastline was deter-

mined by a series of important more or less parallel faults, it

is probable that the complex originated as an intrusion along

a considerable fault running parallel with the foliation of the

crystalline rocks.

(3) In its great size, its highly-magnesian character (resulting in the

frequent derelopment of rhombic pyroxenes), and the extraordinary freshness

of its constituent minerals, it presents a close analogy with the Charnockite
Series of India,-^ certain phases of the anorthosites of Canada,"* the Scandi-

navian norites, and other well-known intrusives all considered to be of pre-

Cambrian age.

(4) The enormous amount of erosion undergone by the norite and the rocks
into which it intruded must have required a very long period of geological

time in which to take place. For instance, the complex, which despite

erosion is even now exposed to a depth of 3000 feet, m_ust have been covered

at the time of its intrusion by a thickness of many thousands of feet of

sediments or other rocks, all of which have now completely disappeared.

Also, within a radius of 70 miles on the landward side of the complex the only

rocks so far observed to rise above the low-lying Pleistocene sediments are

the crystaUine schists. These schists, which rarely attain a height of more
than 700 feet above sea-level, were invaded by gneissose granites such as now,
on account of their superior resisting powers, make up the high land forming
the north-eastern part of the Protectorate. But even these hard g-ranites,

which have been carved into a series of plateaux one above the other, do not
in general attain a height of more than 2000 feet above sea-level anywhere
within 130 miles of the isolated complex. Finally, certain of the extensive

platforms carved into the ancient crystalKne masses have their counterparts

on the norite-complex (see above, p. 301) ; one of these platforms of the

Protectorate, standing at a height of about 1200 feet, supports a thickness of

nearly 700 feet of (?) early Palasozoic sediments, which even now are prac-

tically horizontal.' Thus it is seen that the erosion of the complex and the
surrounding rocks must have been very great indeed.

It may be noticed at this point that Giirich, in the paper cited above (p. 299),

concluded that the norite was considerably younger than the pre-Cambrian.

This conclusion, however, was based on several errors of observation : for

instance, he failed to distinguish the laterite formed by alteration of the

Pleistocene sediments from that derived from the norite by lateritization in

place (see below, p. 321), and, further, he regarded both of them as volcanic

rocks or tiiffs. He was, nevertheless, fairly well acquainted with laterite, as

we know it, from many parts of the West Coast. In consequence of this

confusion he considered the norite to be a laccolitic intrusion into the ' tuffs,'

^ It is proposed to give additional evidence as to the great age of the

complex, based upon certain important relations existing between the norite

and the large basic intrusions of French Gruinea (referred to below) in a.

subsequent paper on the geology of Sierra Leone.
2 F. Dixey, Eep. Geol. Surv. Sierra Leone, 1919, p. 8 ; also ibid. 1920.
3 T. H. Plolland, Mem. Geol. Surv. India, vol. xxviii (1900) p. 119.
* A. Lawson, Amer. Geologist, vol. vii (1891) p. 153.
^ F. Dixey, Hep. Geol. Surv. Sierra Leone, 1920.
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and. where certain bands of the norite •were deeply later Ltized at their outcrop

while neighboiu'ing bands were practically unaltered, he concluded that the

norite had locally forced its waj' along the bedding of the ' tuffs ' in the form
of small sills. Finally, since the crystalline schists of pre-Cambrian age
would probably be steeply inclined if at all present in the country, whereas
the ' tuffs ' were horizontally bedded and were presumably • younger " than
the schists, therefore the norite itself, ' younger ' than the " tuffs.' must neces-

sarily be much later than pre-Cambrian in age. Giirich considered these

conclusions to be supported by analogy with the conditions prevailing in

the Los Islands.

(6j Relation to other AVest African Basic Rocks, and
also to a West African ]^Iagiiesian Province.

Two great petrograpliic groups, both made up of rocks rich in

hypersthene, are known ^ to exist in West Africa; thev consist

respectively of a series of peridotites, gabbros, and diabases

occurring principally in French Guinea, and of a series ranging

from norites to hypersthene-granites, which has been compared
by Prof. Lacroix with the Charnockite Series of India. The
peridotites of the first series approach wehrlite in composition,

and consist mainlv of olivine with a little diallasre. The diabases

include types rich in olivine, hypersthene, and a monoclinic

magnesian pyroxene respectively. The gabbros form the most
important group, and they occur in large masses : they consist of

felspars ranging from labradorite to bytownite, diallage, and small

quantities of a magnesian pyroxene (pigeonite) ; hypersthene and
olivine occur in variable amounts. The felspars are fi'ee from
zoning, and show a tendency to parallelism ; the structure

approaches an ophitic character. These gabbros show varieties

approaching towards norite and ti-octolite respectively ; but, so far,

actual examples of these types are not known in French Gruinea.

From the limited information available at the time when he wrote,

Prof. Lacroix considered that the rocks around Freetown were
similar to these gabbros ; and it is interesting to note that the

present investigation not only confirms this similarity, but goes to

show that the Sierra-Leone norite is probably part of the same
srreat basic series.

The other great series, analogous to the Charnockite Series, was
considered by Lacroix to occur almost exclusively on the Ivory

Coast ; but from recent Survey work in the Sierra-Leone Protec-

torate it appears that rocks similar to these are well developed

among the old crystalline schists in this area also.- The Sierra-

Leone norite, however, differs considerably from this series, notably

in the absence of granular structure, in the absence of quaiiiz, and
in th^ abundance of olivine and augite. These mineralogical difi'er-

<enees are expressed chemically to some extent in that the Sierra-

'^ A. Lacroix, ' Les Syenites Xepheliniques de I'Archipel de Los ' Xouv.
Arch. Mus. Hist. Xat. Paris, ser. 5, vol. iii (1911) p. 108: id. ' Sm- I'Existence

a la Cote d'lvoixe d'une Serie Petrographique comparable a celle de la

Charnockite " C.E. Acad. Sci. Paris, rol. cl (1910) p. 18.

- F. Dixey, "Reps. Geol. Sury. Sierra Leore, 1920-21.
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Leone norite is poorer in alkalies, generally in silica, and richer in

magnesia and lime.,

Not the least interesting feature concerning the study of the

Sierra-Leone rocks of both the Colony and the Protectorate is that

they tend to confirm Lacroix's statement as to the widespread

occurrence in West Africa of rocks rich in magnesium. This

richness in magnesium, which generally gives rise to more or less

abundant hypersthene,i leads to the conception of a West
-African Magnesian Province.

^

II. Field Obseevatioxs.

(1) Tlie Older or Normal Norite.

The oldest and most important member of the series is a norite

of medimn texture, which in succeeding paragraphs Avill be defined

as the normal norite. It varies but little in composition,

texture, and macroscopic characters from one end of the Colony
to the other. It consists essentially of a plagioclase (labradorite),

augite, and a rhombic pyroxene, with varying proportions of

olivine ; iron-ore and apatite occur in small amount, and are

unevenly distributed. An analysis of a single specimen of this

rock has given the following result :

—

Per cent.

Silica 48-25

Alumina 21'54

Ferric Oxide 3-59

Ferrous Oxide 3"60

Manganous Oxide 0*45

Lime 9*73

Magnesia 6*30

Potash 1-60

Soda 1-76

Phosphoric acid O'OIS

Titanic acid 0*26

Water above 105° C 2-90

Total 99-99

Prof. S. J. Shand has classified the rock as a leucocratic olivine-

Tiorite (^g — to l^— subnorite).^ The norite is tough and commonly
grey in colour; with increasing iron content it becomes denser,

harder, and splintery, gives a strong metallic ring when struck

with the hammer, and weathers with a black lustrous surface.

^ The formation of hypersthene will depend chiefly on the relative amounts
in the magma of both alumina and lime ; hypersthene would be unlikely to
form until these oxides had been taken up by felspars and augite. A mono-
clinic magnesia-pyroxene may accompany and even replace hypersthene in

the highly magnesian rocks : see A. Lacroix, Nouv. Arch. Mus. Hist. Nat.
Paris, ser. 5, vol. iii (1911) p. 117, and also J. V. Elsden, 'The St. David's
Head Rock Series ' Q. J. G. S. vol. Ixiv (1908) p. 288.

^ See F. Dixey, 'The Magnesian Group of Igneous Rocks' Geol. Mag.
1921, p. 485.

•^ ' The Norite of the Sierra Leone ' Geol. Mag. 1918, p. 23.
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Sometimes it becomes granular, and its texture then approaches
that of a coarse dolerite. The rock is characteristicall}^ banded,,

but to a variable degree, and it usually exhibits a parallelism of

the felspars which is often obvious even when the banding is

obscure. Finally, all minerals are beautifully preserved, in

common with those of succeeding intrusions.

The banding of the norite occurs to a greater or less degree

throughout the Peninsula, and is essentially a flow-banding pro-

duced during intrusion. Individual bands are generally constant

in thickness, and their strike remains uniform over distances o£

several hundred yards ; any contortion of the banding is quite

exceptional, but it has been observed in one case around the margin
of a pegmatite intrusion. The bands become more obvious with
weathering, on account of varying resistance or colour : the colours

of weathered bands range through dark-grey, brown, red-brown
to almost black ; whereas the slight differences in composition

between one band and the next are but faintly indicated on a fresh

surface.

Locally the fluxion -structure is more pronounced ; individual

crystals within the bands are broken down and rolled out, and the

bands themselves, while keeping a more or less uniform strike,

tend to form lenticles which sometimes thin out completeh^ in

about half a dozen yards. Some of the bands contain streaks and
seams of magnetite, or of magnetite and felspar, ranging up to-

3 inches in thickness. Where a marked difference in composition

of neighbouring bands occurs, it is due to varjdng proportions of'

the felspathic and ferromagnesian constituents, leading in a few
extreme instances to bands of coarse granular olivine. The bands,

vary in texture as well as in composition ; the coarser of them are

generally dark, and they thus bear a close resemblance to the coarse

norite which was intruded at a slightly later date (see below,

p. 31.0). The darker tinge of the coarse bands is seen in thin

section to be due to the abundance of minute opaque inclusions in

the felspars, as well as to the greater proportion of ferromagnesian

constituents.

The relation between the banding and the separation of the

constituents of the magma is clearly displayed at a point on the

foreshore near No. 2 Town. The normal norite assumes a patchy

character, due to the separation of the ferromagnesian constituents

(chiefly pyroxenes) ; these constituents segregate into numerous-

dark clots, up to 2 inches in diameter, which remain enclosed in a

pale felspathic matrix. Where movement occurred at a late stage,

tlie clots are elongated or drawn out into more or less parallel

streaks, and in some cases the structure can be seen to pass into

regular banding of the characteristic type.

The banding of the Sierra-Leone norite is similar to, but

better developed than, that observed in the St. David's-Head

norite b}^ Dr. J. Y. Elsden.^ A banding with many parallel

1 ' The St. David's Head Eock Series (Pembrokeskire) ' Q. J. G. S. vol. My
(1908) p. 277.
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features has been noted also in the gabbro of the Cuillin Hills by
Sir Archibald Geikie and Dr. A. Harker,^ and in the Carrock-Fell

gabbro by the latter.

^

In many localities the grey surface of the norite shows numerous
ill-defined brown and black spots : the former being composed of

pyroxene and felspar in ophitic relation, and the latter of spongy
growths of magnetite.

The principal intrusions into the normal rock are:— (1) the-

younger norites; (2) norite-pegmatite
; (3) beerbachite

; (4) norite-

aplite; and (5) dolerite ; but, in addition to these, there are two
series of veins and a felspar-olivine rock, all, however, of rela-

tively little importance. I may now briefly describe these smaller-

intrusions :
—

The veins may be divided into two series, according to their

age and occurrence.

(a) The veins of the first series occur in the older norite; they

have ill-defined margins and a complex branching and tapering

habit which causes them, to weather into a rough network on an
exposed surface. An example of this may be seen on the foreshore.

at Kent opposite the Court House. The veins rarely exceed.

2 inches in width ; they are generally less basic than the enclosing-

rock, and are of rare occurrence as compared with the veins of the-

later series. They closely resemble the segregation-veins figured

and described in the Skye Memoir (p. 78).

(Z>) The veins of the second series are related in occurrence and
in composition to the younger norites ; they are consequently

younger than those of the first series, and may sometimes be seen,

to cut them. They are distinguished from the segregation-veins

by their composition, by the inclusion of ragged black bronzites

measuring up to an inch in diameter, by their sharper margins,,

more regular form, and greater width.

The felspar-olivine intrusions consist of a tough pale-green

rock of medium texture, rich in olivine and containing numerous
small black grains of iron-ore. One of its best exposures is near

the foot of Charlotte Falls, where it forms a small lenticle in the

normal norite about 4 feet thick.

Exposures.

(i) Murray Town, foreshore.—Normal norite banded and spotted,,

and traversed by black pyroxenic veins,

(ii) Aberdeen Creek, foreshore. — Southern point: the norite is

banded and highly ferruginous ; it contains numerous seams rich

in magnetite, and the laterite resting upon it is a good hsematite-ore.

(iii) Sussex, foreshore.—Flow-banding well developed; some bands
show crushed felspars, others consist largely of coarse granular

olivine.

1 ' The Tertiary Igneous Eocks of Skye ' Mem. Geol. Surv. 1904, p. 91.

2 ' Carrock Fell ; a Study in the Variation of Igneous Rock-Masses : Part I

—The Gabbro ' Q. J. G. S. vol. 1 (1894) p. 319.
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(iv) Toke.—Both normal and coarse norite cnt by pegmatite-veins up to

18 inches in width ; normal norite pierced by fine siliceous veins,

(v) Kent, Cape Shilling-, and Banana Islands.—Normal norite

variably ferruginous ; banding beautifully developed on the foreshore

near the church at Kent.

(2 a) The Younger Norites and Norite-Pegmatite.

The younger norites form two or more series of mtrusions

cutting tlie older or normal norite ; but they are collectively of

small bulk, as compared with the original intrusion. In compo-
sition they differ little from the normal norite, and are distinguished

principally by their texture, which is generally much coarser than

that of the older rocks. There are, however, several other

distinguishing features of great use in the field : when weathered,

tlie younger norites are dark gre}'^ in colour, and possess a curious

scaly surface. Moreover, since jointing is but slightly developed

in them, their outcrops form large hummocks or well-rounded

residual boulders. The older norite, on the other hand, becomes
dull-red on exposure and, being well jointed, weathers into

rectangular blocks with sharp edges and clean-cut surfaces. One
other important point of difference remains : the normal norite is

generally well-banded, whereas the younger norites are free from
banding, although the felspars in them are often more or less

parallel. (See PI. XVI, fig. 2.)

When thin sections of the two rocks are compared, however,

'Certain other differences are apparent : the coarser or j^ounger

norite is seen in most cases to be richer in hypersthene, in iron-

oi-es, and in micrographic intergrow^ths of felspar and augite
;

whereas it is generally poorer in felspar and also in apatite.

Moreover, the felspars of the coarser rock are slightly more basic,

and the darker colour which they give to the hand-specimens is

seen to be due to innumerable opaque inclusions of ver}^ small

size.

A typical specimen of the younger norite consists essentially of

grey sub-parallel felspars, dark-brown to black h^^'persthene, and a

little granular augite, commonly diallage. The felspars are

tabular in habit, and generally about 1 inch long. Olivine and
magnetite are usually common : the former as rounded grains and
sometimes as plates enclosing felspar-laths, and the latter both as

grains and as interstitial growths. Locally, the magnetite forms

lenticular streaks and abundant sniall masses ranging up to 2 inches

in length. A partial analysis of a single specimen of this rock

shows :—Silica 41 "16 per cent., alumina 11 T3, iron oxides 22 "30,

and magnesia 17'68. This norite also contains small brown and
black patches, similar in some respects to those in the older rock,

I)ut more numerous. The black patches are pyroxenes in some
cases, and spongy growths of magnetite in others. The brown
patches are of two types which differ considerabl}'' in origin.

Those of the first type are small and fairly evenly distributed, and
they each consist of a rounded augite- crystal, typically about
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an inch and a half in diameter ; they enclose felspar-laths more
or less completely, and this, in the case of the larger spots of this

type, gives rise to a beautiful ophitic structure. The brown spots

of the second type vary considerably in size, but they are generally

larger and of finer texture than those of the first type ; -they are

often irregular in shape, and of a reddish tinge. These patches are

altered and highly-corroded fragments of the older norite, and are-

naturally most numerous near the margins of the parent rock
;

they were saved from complete destruction onl}" by the freezing of

the invading magma.
The younger norites formed several series of intrusions into the

older norite, but only two of them, referred to below as the first

and second series respectively, can be recognized with certainty.

The first of these, much smaller in volume than the second, was.

intruded after the older mass had largely cooled down ; conse-

quently it shows a chilled margin in many cases. It generally

possesses a texture similar to that of the main mass, but its.

characteristic colour and weathering, as well as the lack of banding
and jointing, readily distinguish it from the normal norite. Like
the intrusions of the later series, it generalh^ broke through the

older norite quite irregularly; nevertheless, cases do occur in which,

it took on the habit of the later dolerite-dykes and gave rise to a

rock, which, in the hand-specimen, is distinguished from the

coarser dolerites onl}' with great difficulty. Fortunately, the

relations of these rocks are made clear at several exposures wherein

the dolerite is seen to cut all phases of the norite (see below,

p. 317). The second and more important series is typically much
coarser than the older or normal norite, and is consequently coarser-

than the hrst series also. Since the exposed portions of the

second series ai'e probabl}^ oi^^y fl^e upper part of one or more
very large intrusions, this greater coarseness may be due either to

the greater volume and consequent greater capacity for heat and
higher temperature of the second* series,' or even to the preliminary-

heating of the older norite by the first series. Either one of these

causes would have enabled the second series to cool slowly, and
thus acquire a coarser texture. It is at least certain that the

second series contained an enormous reserve of heat, because to

it is due most of the extensive alteration produced in the older

norite. Another possible factor in producing the coarser texture

was the slight difference in composition, such as induced an even,

greater degree of coarseness in the next set of intrusions, and
caused them to crystallize as norite-pegmatite.

Norite-pegmatite cuts both the older and the younger norites,

and takes the form of veins as much as 18 inches wide and irregular-

tongues several yards across : one of the latter has apparently
induced foliation parallel to its margin in the older or normal
norite enclosing it. The norite-pegmatite consists essentially of

augite and bronzite, with some felspar and a small quantity of'

m.agnetite.
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{2b) Field Relations of tlie Older and Younger Norites.

Apart from several small isolated exposm^es on the mountains of

the peninsula, the younger norites crop out only along the fore-

•shore on the south-western side. They occur as numerous
intrusions, many of them continuous under a thin roof of the

invaded rock. These intrusions are of all sizes up to a quarter of

a mile in length, and several of the larger ones form low capes, as

.for example, Grodrich Point (see p. 313). They do not show any
regular arrangement, except in one case, where four of them are

elongated along a line running east and west. They send out

numerous veins and tongues into the surrounding rocks. The
grey rounded masses of the coarse or ^^ounger norite are in most
-cases readily distinguished from the well-jointed, dull-red blocks

• of the normal.type. (See PI. XVI, fig. 2.)

In certain places the junction of the older and younger norites

can be followed for as much as 100 yards, and is seen to consist of

,a confused jumble, or intrusion-breccia, of the two types ; it

includes wide areas of the normal rock shattered and pierced by
numerous veins and tongues of the younger norite, and also

•scattered blocks and fragments of the normal norite, some sharp

.and angular and others deeply corroded. Even where the junction

is not so broad, it is often vague and difficult to follow because the

older rock has in some places been heated to a high temperature

:and even re-fused. Away from the junction are a feiv isolated

masses of younger norite and of older norite, the former repre-

senting cupolas of the main intrusion, and the latter the remains

of pendants from the roof. Also, within the younger norite are

stoped blocks of the older norite, some of them moved only slightly

out of place, while others, carried a considerable distance, lie in

all directions. Moreover, some present clean fresh joint-faces to

the younger norite, and others show slight corrosion or deeply-

indented outlines. Yet others, while retaining their form, have

lost their original texture and composition ; finally, many are

completely shattered, and so permeated by the younger norite that

they are represented by a mixed rock showing only shreds of the

original norite. (See Pi. XVII, fig. 1.)

The invading magma nearly always cuts across the banding of

the older mass, and only in exceptional cases does it appear to

have induced any foliation. In these instances a few bands and
numerous streaks are associated with and arranged parallel to the

margins of the coarse intrusions, as if a gneiss, comparable in

structure and origin with (a) the 'streaky' phase of the Kennack
gneiss,^ and (,<3) the gneisses of Pum," had been formed by the

intermixture of plastic fragments of the older norite with the

viscous invading magma. This banding and streakiness is distin-

guished from the ordinary banding of the older norite by greater

1 ' The Geology of the Lizard & Meneage ' Mem. Geol. Surv. 1912, p. 132.
2 ' The Geology of the Small Isles of Inverness ' Mem. Geol. Surv. Scot.

.1908, p. 69.
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differences in the texture of the component parts, and by the

rough weathering and dari^er colour of the bands and streaks of

the younger rock. Nevertheless, where relations between the

different rocks are very complex, it is not always possible to assign

the banding to one cause rather than to another.

Important Exposures.

•.(i) Godrich Point.—Four elongated domes of coarse norite, long- axes

running east and west, rise through a roof of normal norite. One
of them, forming Godrich Point, cuts across the banding of the

normal norite, and is itself pierced by a dolerite-dyke ; another,

5 yards long and 3 yards wide, sends out a number of little tongues
into the normal norite.

<(ii) Point north of No. 2 Town.—Striking complex of coarse and
normal norites displayed ; blocks and fragments of normal norite

measuring several feet across are enclosed within the coarse norite

;

a few of them are angular, with sharp boundaries, but the greater

number show corroded outlines with large re-entrant curves. Many
normal norite-fragments are small and ill-defined, and in some
places are, with the enclosing rock, drawn out into wavy streaks.

There are also several exposures of a rock of mixed texture due to

permeation of normal norite by coarse norite.

(iii) Toke P o i n t .—Intrusion phenomena well exposed.

(iv) York foreshore.—Large area of coarse norite richly impregnated
with magnetite. In it are numerous stoped blocks of normal norite

measuring as much as 10 yards in diameter ; they exhibit all stages

of disruption, corrosion, and absorption, some of them having been
liberally eaten into by the invading magma, and others thoroughly
impregnated by it (see PL XVII, fig. 1). Large outcrop also of a
rock consisting of an intimate mixture of older and younger
norites. Farther north, a dolerite-dyke is seen cutting older and
younger norites.

(v) Point on the south side of Whale River, York.—One ex-

posure shows coarse dolerite invading and shattering normal norite

;

the junction is crossed by a later fine-grained dolerite-dyke.

' (vi) John Obey Poin t.—A large intrusion of coarse norite : its junction

with the normal rock on the north side is almost 100 yards wide,

and shows a great intermingling of the two types. Innumerable
veins, tongues, and masses of the coarse pierce the normal rock,

which shows signs of a very high temperature and much absorption.

!(vii) Samuel Island.—Numerous intrusions of younger norite along the
foreshore. The margins exhibit banding and streakiness due to the
intermixture of the two rocks.

(3) The Beerbachite.

In the northern half of the Colony, and principally in the

Freetown district, occur intrusions of a fine-grained, granular
TOck,i dark grey when fresh and weathering to pale grej^ ; it some-
times shows a faint parallel structure in thin section. It consists

essentially of labradorite, with subordinate h3''persthene and mag-
netite, and its specific gravity is 3 •08. A partial analysis of a

1 The ' norite-aplite ' of Prof. S. J. Shand, Geol. Mag. 1918, pp. 22, 23 ; he
classifies the rock as melanocratic norite {iUq—micronorite).
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single specimen of the rock shows :—Sihca 47*96 per cent., alumina
12'78, iron-oxides 11-19, and magnesia 16'58. This rock is a
variety of beerhachite (Chelius), defined by H. Kosenbusch^ a&
a fine-grained to compact granular rock, composed of labradorite

(sometimes bytownite) and diallage, with variable amounts of
hyjDersthene and magnetite ; he states also that olivine-bearing

varieties occur. Similar rocks are figured by Dr. J. S. Flett
in the Lizard Memoir, and by Kosenbusch in his ' Elements der
Gesteinslehre.' ^ The rock described by the former, referred to

again beloAV, occurs in the form of d3dves in the Lizard gabbro, and.

consists mainly of granular labradorite and augite.^ Kosenbusch
states ^ that beerbachites occur in the gabbros of Bum and Kilhoau'
(Ardnamurchan) and in that near Harzburg. Similar rocks occur
also among the Skj^e gabbros, and are described as ' granulitic

gabbros ' or ' pyroxene-granulites.' ^

The ' fine-grained granulitic gabbro ' of the Duluth laccolite ^

so closel}^ resembles the Sierra-Leone beerhachite that microphoto-
graphs of the two rocks can scarcely be distinguished. This
granulitic gabbro, like the beerhachite now considered, is both
darker and denser than the rock of the main intrusion.

J. W. Judd^ has explained the texture of certain Tertiary
granulitic gabbros as due to crystallization of a moving magma in,

which the grains as they were formed Avere rolied around and
prevented from interlocking freely. The Sierra-Leone beerhachite
evidently crystallized under somewhat similar conditions, because
fragments of norite caught up in it Avere softened, disintegrated,

and drawn out into streaks (see below, p. 315). On the other
hand, a few coarsely-crystallized and fresh-looking patches, free

from obvious signs of contact-metamorphism, probably represent
portions of the magma which crystallized under static conditions. s-

With further reference to the Lizard beerhachite, it is evident,

from some interesting notes recently published by Prof. T. Gr..

Bonney,^ that this rock is ver}^ closely paralleled in occurrence and
field-characters by the Sierra-Leone beerhachite. For instance, the
Sierra-Leone rock also is frequently ' brown-speckled' on a weathered
surface, and it occurs in small masses rather than as veins ; it

invades a gabbro-mass made up of separate intrusions of different

textures, and is followed by a series of clolerite-dykes. But the
closest parallel of all appears in the way in which the Sierra-Leone

1 ' Elemente der Gesteinslehre ' 3rd ed. (1910) p. 282.
'^ Ibid, %. 6, p. 57.
'^ 'The Geology of the Lizard & Meneage ' Mem, Geol. Surv. 1912, p. 110

& pi. ix, fig. 5.

^ 'Elemente der Gesteinslehre ' 3rd ed. (1910) p. 283.
^ ' The Tertiary Igneous Eocks of Skye ' Mem. Geol. Surr. 1904, p. 115.
6 M. L. Nebel, Econ. Geol. vol. xiv (1919) p. 379 ; also pi. xiv, fig. d.
^ ' On the Gabbros, Dolerites, & Basalts of Tertiary Age in Scotland &

Ireland ' Q. J. G. S. vol. xlii (1886) p. 49.

^ Compare the coarse-grained rock cutting the Duluth granulitic gabbro

:

see M. L. Nebel, op. supra cit. p. 381.
9 ' Beerhachite at the Lizard ' Geol. Mag. 1920, p. 339.
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rock has, like that of the Lizard, incorporated fragments of the

gabhro, softened and disintegrated them, and isolated their felspars

into clusters and strings.

The exposures of the Sierra-Leone beerbachite are generally

small, and often are onh" a few yards across. Nevertheless, those .

which occur on Wilberforce Spur, on Mount Aureol, and in the

Congo Valley respectivel}'', corresponding to as many sei^arate in-

trusions, are much more extensive than the others, and probably
range up to 150 yards in length. The first of these intrusions

shows interesting contact-phenomena with the younger norites,

while the second displays a wide zone of hybrid rock produced by
interaction with the older norite.

The Wilberforce Spur intrusion crosses an ill-defined junction

between the older and younger norites over part of its outcrop,

but elsewhere it is confined to the younger norite. It affects the

two invaded rocks in the same manner. The beerbachite-magma
possessed a great power of corroding and even of assimilating the

norite, and all stages in the process from a fairly sharp junction to

complete permeation can be observed in the field. The beerbachite

contains blocks and fragments of norite, some of them having
clean outlines and traversed by veins, others with deeply-indented

margins showing where they have been attacked; yet others,

more completely altered, are merely ' ghosts,' in that (although

their original outlines are still faintly defined) they actually

consist of mixtures in which corroded crystals and small fragments

of the original rock are enclosed in a mass of beerbachite. This
alteration has proceeded on a much larger scale at Mount Aureol,

where the intermixture of normal noiite and beerbachite has

produced a hybrid rock. This h3'-brid rock is exposed along the

sides of the unfinished motor-road, which runs around the flank of

the hill from a kind of barrack-square to the Gr.O.C.'s house on

the top. The road passes in turn over normal norite, beerbachite,

the hj^brid rock, and, finally, near the G.O.C.'s house, normal
norite again. The hybrid rock forms an ill-defined zone about

150 yards wide, and, although it is better developed on Mount
Aureol than in any other known locality, the actual exposures are

poor, and consist chiefly of small masses and residual boulders more
or less enveloped in laterite. The hj^brid rock is darker than
either of the parent rocks ; it usually contains numerous small

spots and streaks, most of Avhich are dirty brown to black, while

many others are pale grey. The rock is tough, and possesses an

irregular fracture.

The invading magma continued to flow after the enclosed norite-

fragments had become plastic and more or less disintegrated

;

these fragments were consec|uently so drawn out into streaks that

many of their crystals became isolated, or were broken down into
* augen.' Specimens collected show strings of augite-fragments-

and of white lenticles that represent felspars, and also the attenuated

remnants of sponge-like crystals of magnetite (see PI. XVII, fig. 2)..

Q. J. a. S. No. 312. z
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(4) The Xorite-Aplite.

Veins of norite-aplite may not infrequently be seen in the norite :

generally they do not exceed 1 8 inch in thickness, but in one

locality, near York, they are much thicker, and one of them for a

short distance attains a thickness of as much as 9 inches. The
veins tend to become more acid Avith diminishing width, and so

at their terminations they may consist almost Avholly of quartz

and micropegmatite. The thin veins, however, Avhich are white,

are verv persistent, and can be traced for 20 yards or more across

an outcrop of norite "svithout altering appreciably in thickness.

The thicker veins consist of a medium-o-rained rock havino" a

pale greenish tinge, and made up chiefly of acid soda -lime felspar,

orthoclase, quartz, and micropegmatite, with small quantities

of pyroxene (both rhombic and monoclinic), hornblende, biotite,

and apatite (see Petrographical Xotes, p. 322).

The norite-aplite-veins are the youngest intrusions of the norite-

complex, apart from, tlie dolerite-dykes which are seen to traverse

the veins in several localities ; evidence for this may be seen in

the Congo Valley, below Hill Cot, where thin vehis of norite-aplite

traverse a large intrusion of beerbachite. It is interesting to note,

moreover, that the veins are frequently associated with the master-

joints of the norite, often running parallel with, or along them, for

considerable distances. The affinity of the norite-aplite to the

preceding intrusions is indicated, however, in the similarity of

these rocks as regards certain chemical and mineralogical characters,

such as the presence of rhombic pyroxenes. Xevertheless, there is

reason to believe (see p. 317) that the aplite is related to the

dolerite as much as, or even more than, to the norite ; also that

the aplite bears a magma tic relation to the dolerite similar to

that which the segregation-veins and norite-pegmatite do to the

norite. If this be so, the norite and dolerite of the complex show
an interesting parallel with the olivine-dolerites and quartz-dolerite

s

of the Edinburgh district, in that these Scottish dolerites are each

cut by segregation-veins related in composition to the parent mass.^

Moreover, this view of the magmatic relations of the aplite is

supported by the fact that typical gabbro-aplites, such as those

occurring in tlie gabbros of Eum and Skye (see below), are free

from quartz and micropegmatite.

The specific gravity of a specimen of norite-aplite taken from
one of the thicker veins was found to be 2*72.

The aplite-veins generally effected a slight alteration of the

wall-rocks, shown chiefly in silicification of the felspars and
uralitization of the pyroxenes ; this alteration appears in the hand-
specimen as a whitish zone, nearly an inch wide, enclosing the finer

veins. The margins of the veins are, nevertheless, sharply defined.

The thin aplite-veins of St. David's ^ differ considerably from

^ ' The Geology of tlie Xeiglibonrlioocl of Edinburgli ' Mem. Geol. Stirr.

1910, pp. 289 & 307.
2 J. Y. Elsden, ' The St. DavicVs Head Eock Series ' Q. J. G. S. vol. Ixiv

(1908) p. 283.
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those of Sierra Leone ; for instance, they apparently cut only the

more acid members of the series, and they are free from ferro-

magnesian constituents and micropegmatite. Moreover, they are

considered to be of contemporaneous origin, whereas those of

Sierra Leone are distinctly younger than the enclosing rock.

(5) The Dolerites.

The injection of a number of dolerite-dykes, seen in different

localities to cut all the earlier intrusions, marked the last phase in

the history of the complex. It is quite possible, however, since in

the field the dolerite is distinguished with difficulty from certain

of the later intrusions of norite, that a few of the dolerite-dykes

were intruded considerably in advance of the main series. ^ The
dykes not infrequently made their way along the same channels as

the preceding aplite-veins ; this procedure is indicated chiefly by
the presence of patches of aplite still adhering to their original

walls, and also by a whitish alteration-product of the walls due to

ii contact-effect characteristic of the aplite. Sometimes, however,

the invading magma forced its way between an aplite-vein and its

wall-rocks, resulting in the inclusion of long irregular lenticles of

aplite parallel to the margins of the dolerite. An excellent ex-

ample of this may be seen on the foreshore a short distance north

of York ; here, included in a dolerite-dyke about a foot wide, is a

highly-corroded aplite-xenolith 4 feet long and about 6 inches in

maximum width. Several smaller xenoliths accompany the bigger

•one.

The dykes show interesting affinities to both the norite and the

norite-aplite. To the norite they are related by the presence of a

rhombic pyroxene which accompanies the augite : in the smaller

dykes and in the marginal phases of the larger dykes, the rhombic
pyroxene is enstatite ; but in the central portion of the larger dykes

the enstatite is replaced by a form approaching the common
hypersthene of the norite [C. 121].^ In this connexion it may be

pointed out that, with regard to certain basic rocks near St. David's,

Dr. J. V. Elsden ^ considered the thin intrusions of enstatite-diabase

to differ from neighbouring quartz-norites only in ophitic tendency.

To the norite-aplite, on the other hand, the dolerite-dj'^kes are related

by the presence of interstitial orthoclase and acid plagioclase, often

considerable in amount, together with enstatite, some biotite, and
innumerable needles of apatite. Thus it would appear, particularly

in view of the field relations, that the aplite-veins were the fore-

runners of the dolerite, rather than the successors of the norite.

^ In one locality, near York, coarse dolerite is traversed by a dolerite-dyke

possessing chilled margins.
2 Throughout this paper the numbers in square brackets refer to thin

sections of the ' Colony ' rocks.
•^ ' On the Igneous Rocks occurring between St. David's Head & Strumble

Head (Pembrokeshire) ' Q. J. G. S. vol. Ixi (1905) p. 591.

z2
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The dykes consist essentially of a more or less ophitic enstatite-

dolerite, free from olivine and containing variable amounts of

interstitial acid felspar (see Petrographical Notes, p. 324). The
specific gravity of the rock is 3 '08. Thus we have in the one-

area two series of basic intrusions, not differing greatly in age,,

the one (norite) characterized by the presence of olivine, and the

other (dolerite) free from this mineral ; this association recalls,

the well-known occurrence of both olivine- and quartz-dolerites.

among the Carboniferous intrusives of the Edinburgh district.

^

The Sierra-Leone dolerite-dykes are exposed in considerable num-
bers along the foreshore on the south- vvestern coast of the Colon}^

;

elsewhere, with the exception of one cutting across the lower part

of the Charlotte Falls, they have not been observed, probably

because the rocks that may contain tliem are poorly exposed.

Most of them are of an irregularly branching habit, and single

exanrples can rarely be traced far enough to give a mean strike.

The average direction of a number of which the strike could be

measured, was north S5° west. They vary in width from a few
inches to nearly 20 feet ; the narrower are fine-grained and compact
with sharp chilled margins, whereas the wider are coarse and are

sometimes porphyritic with augite and felspar. Near York, one of

the coarser dykes contains numerous skeletal crj'stals of ilmenite,

and it cuts a series of fine aplitic veins in the norite. Others

are vesicular, either along their margins or centrally.

In addition to the dykes several masses of coarse dolerite occur

in the norite ; their boundaries are ill-defined, and their exact

relation to the enclosing rocks difficult to determine.

The Sierra -Leone dolerites closely resemble certain quartz-

dolerites which occur elsewhere. For instance, they are similar ii>

several respects, particularly the strong zoning of the felspars,^ to

the Carboniferous quartz-dolerites of Scotland ; but the pale

rhombic pyroxene of these Scottish rocks is identified as a form of

hypersthene. Despite the obvious resemblances, however, it should

be noted that both quartz and micropegmatite are apparently

absent from the Sierra-Leone dolerite, the interstitial matter of

which consists only of orthoclase and highly-acid plagioclase.

Like that of the Scottish quartz-dolerites and of most of the rocks-

mentioned below, this interstitial matter is riddled with long-

needles of apatite. Other similar rocks are the Ratho intrusion'

near Edinburgh, -^ the Whin Sill,^ certain intrusions of the Kilsyth-

Croy district (Dumbartonshire),^ and those of Arran.^

^ ' The Geology of the Neig-hbourhood of Edinburgh ' Mem, Geol. Sury.

1910, p. 289.
^ Ihid. p. 305 & tdI. is, fig. 3.

3 J. J. H. Teall,'"' British Petrography' 1888, p. 190 ; & J. S. Flett, 'The-
Geology of the Neighbourhood of Edinburgh ' Mem. Geol. Surv. 1910, p. 306.

^ J. J. H. Teall, Q. J. G. S. vol. xl (1884) p. 640.
5 G. W. Tyrrell. Geol. Mag. 1909, p. 305.
6 A. Harker, ' The Geology of North Arran, &c.' Mem. Geol. Siu-y. 1903.

p. 111.
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The mineraloo:ical differences between the various members of

the norite-complex may be smnmarized in tabular form
follows :

—
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The relative frequency of occurrence of tlie minerals is represented by the

magnitude of the dashes as follows, in descending order :— mhb ——

(6) Differentiation and Assimilation.

Several stages of differentiation may be distinguished in the

Sierra-Leone rocks :

—

(i) Deep-seated differentiation.—The source from M^hich

the complex was derived underwent differentiation into a series of

cognate sub-magmas which, on the w^hole, became intruded in the

usual order of decreasing basicity : norites proper, rich in olivine,

were the first to arrive, and they were followed in turn b}^ norite-

pegmatite and beerbachite. Then came the aplite-veins, very small

in total volume, and finally a series of enstatite-dolerite dykes
free from olivine and often rich in interstitial acid felspars.

(ii) Differentiation during intrusion.— The cooling of

the normal norite-magma on intrusion led to a partial separation of

the felspathic and ferromagnesian constituents in the liquid state.

This heterogeneous product was drawn out, as intrusion proceeded,

into bands which were fixed later by crystallization. The resultant

'banding was sometimes accentuated by small quantities of the

-coarse norite-magma, which Avere caught up by the normal norite-

inagma and interbanded with it.

(iii) Differentiation in place.—This phase led to the

'Segregation of magnetite from the remaining constituents, and
^produced the streaks of this mineral within and parallel to the

-margins of certain bands. Locally, the ferromagnesian constituents

iseparated (©ut in a similar manner, and formed small patches.
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Assimilation.—An interesting feature of the Sierra-Leone

complex is the great amount of absorption suffered by earlier rocks

when invaded by later intrusions ; the absorption of older norite

by younger norite and of both older and younger norites by beer-

bachite are examples of these reactions. AVith regard to th&
norites themselves, this absorption is the more remarkable, in that

the composition of the later rocks differed but slightly from that

of the earlier rocks. Cases have been described in -which a basic-

magma has been modified by the absorption of an acid rock,i or,.

more frequently, in Avhich an acid magma has been modified by the

absorption of a basic rock : as, for example, the Lizard Kennack
gneiss ~ and the ' marscoite ' of Skye ^

; but a basic magma has

rarely been known to absorb basic rocks. Even where a basic-

magma has mvaded an ulti-abasic rock, as where the basic rocks-

of -Rum^ and Skye -^ break through and invade the ulti-a basic-

rocks, the older rock has simply been broken up and finally involved

with the newer rock to form an intrusion -breccia, while little or no
corrosion has taken place. As may be expected, however, a magma
has sometimes been known to absorb a rock of similar composition

locallv, as where the Skve s^abbro has ' to a limited extent actuallv

fused and incorporated' basaltic lavas. As a general rule, how-
ever, it is not to be expected that a magma should absorb readily

a rock of similar composition, since there is little scope for mutual
chemical reaction, and the invading ma^ma would carry little, if"

any, excess of heat.^

The unusual extent to which absorption has proceeded in the-

case of the Sierra-Leone norites is ascribed chiefly to the gi-eat

depth at which the action took place ; this would result in a high
initial temperature for the invaded rocks, and would also prevent

the heat of the intrusions from escaping, therehy allowing a great

length of time during which the reactions could proceed. More-
over, there is considerable evidence to show that many .of the

numerous later intrusions of norite are all parts of one or more
large intrusions, of which only the irregular upper portions are at

present visible.

(7) Weathering and Liireritization of the Xorite.

T\^iere the products of weatherino* are unable to accumulate,

the highly-resistant magnetite stands out in sharp relief on the
surface of the norite, which in the majority of cases consists largeh^

of felspar, since the pyroxenes disintegrate most easily. Along the

foreshore the norites rich in iron weather to a smooth surface

^ As, for example, Purcell Sills ; see E. A. Dalv. Mem. 38. Geol. Surv.
Canada, 1912. pt. i, p. 248.

- ' The Geology of the Lizard A: Meneage ' Mem. Geol. Surv. 1912. p. 132.
•^ ' The Tertiary Igneous Rocks of Skye ' Ibid. 1904. p. 183.
-• Ihid. p. 69.

5 Ihid. p. 64.
•^ A. Harker, • The Xatui-al History of Igneous Eocks ' 1909, p. 3.57.
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covered with a thin ferruginous skin, which possesses a dull

metallic lustre, is dark brown to black, and very hard.

A more detailed account of the lateritization of the norite has

been given elsewhere.^

At Mount Aureol the lateritization of well-jointed norite has

given rise to a curious effect, in the form of a slightlj-raised and
resrular lattice-work on what is now the floor of an old bari-ack-

square. Originally the norite at this place was strongl}^ affected

by two series of joints which ran at right angles ; there was also a

third series of joints, running obliquely to the others, and less well

developed. The joints at right angles formed a large number of

small rectangles with sides measuring as much as 12 inches in

length. Lateritization first proceeded along the joints, and then

it attacked the intervening spaces ; the first-formed laterite was,

however, more resistant than the second, and this relative hardness

ultimately led to the formation of a raised rectangular pattern on

the floor of the square.

(8 a) Iron-Ores in the Norite.

The iron-ores that occur in the norite are magnetite, ilmenite,

and intermediate forms : octahedra of magnetite have been collected,

as also skeletal crystals of ilmenite ; but in general the ores are

not distinguishable in the field, and the term magnetite will be

used here to include them all. All forms of the norite include

magnetite as larger or smaller disseminated grains : it is developed

also as spongy growths, or as dense shapeless masses measuring up

to 3 inches in length, and even as streaks and seams several inches

thick, formed as the result of segregation in the banded norite.

Locally, the norite is very rich in such ores ; but the occurrences

are not individually large enough for commercial exploitation.

A considerable quantity of iron-ore crops out along the fore-

shore west of Aberdeen Creek. The norite at this place is highly

ferruginous, and contains numerous seams of magnetite intergrown

Avith variable amounts of felspar ; nevertheless, almost all the iron

exposed is in the form of red oxide (hiematite) due to the alteration

of the magnetite in sifit, and to concentration of the iron with
progressive lateritization of the norite. The foreshore south of

York over a distance of some hundreds of yards consists of coarse

norite richly impregnated with magnetite as small segregations

and as narrov/ seams, and north of John Obey is a small exposure

of coarse norite showing magnetite-crystals (measuring as much
as 3 inches in length) intergrown with pyroxenes.

The coastal plain which extends intermittently all around the-

Colony consists almost entirely of detritus washed down from
the mountains, and since the iron-ore (when weathered out from
the parent rock) is carried dow^nwards in the form of grains and

^ See F. Dixey, ' Notes on Lateritization in Sierra Leone ' Geol. Mag-.

1920, p. 211 ; also W. M. Davis, ' Physiographic Relations of Laterite ' GeoL,

Mag. 1920, p. 429.
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lumps of magnetite, it follows that tlie detrital accumnlatioiis

should contain a large quantity of iron, a quantity v.hich decreases

as the distance from the mountains increases. Investigation

confirms this, and in one locality on the north side a considerable

deposit of iron-ore has been found along the inner margin of the

plain. Most of this iron occurs now in the form of strings and
small masses of haematite runnino- throusrh the laterite. which is

itself in places sufficiently rich to rank as an ore. Elsewhere in

the beds constitutino- the plain there is always quite enough iron-

oxide to form a thick hard crust of laterite.

(Sb) Otlier Economic ^lineral?.

Economic minei-als other than iron-ores seem to be developed
only to a very slight extent in the norite, and this is probably due
to the absence of basic and marginal phases to the intrusion.

An analysis published in 1910 indicated 3-28 per cent, of chromic
oxide in a specimen of iron-ore taken from 'Bathurst 3Iountain." ^

The present investigation, however, has not furnished any indica-
tion of this amount, either in the field or in thin section, and
recent analyses carried out in connexion ^ith the work do not
show in any one case more than 0*1 percent, of the oxide; in

most cases it is altogether absent. Xickel-oxide also has been
shown by one of these analyses to be present up to 0-1 per cent.

Sulphides are rejDresented only by grains of pyrites which are seen
but rarely in thin sections of the rock. A series of concentrates of
stream- gravels has yielded nothing of interest, other than small
quantities of rutile.- Bauxite containing over 51 j^er cent, of
alumina occurs in considerable Cjuantity, as a decomposition-product
of the norite.-^

III. Peteo&eathical Xotes.

(I) The Xorite-Aplite.

An examination of a series of thin sections has shown that the

veins of norite-aplite become increasingly acid in composition

towards their extremities.

A specimen from a vein of medium texture, 9 inches wide, was
found to consist chiefly of acid plagioclase, with much micropeg-

matite and a little quartz and orthoclase. In addition, it contained

small amounts of enstatite, brown hornblende, brown biotite,

magnetite, and apatite (the last-named as clouds of minute parallel

needles in the felspar, and as fairly numerous grains and prisms).

The plagioclase, from consideration of the refi-active index and

^ ' Iron-Ore Eesources of tlie World ' Stockholm, vol. ii (1910) p. 1029.
- Xote the occurrence of rutile in certaui anorthosites of Quebec

:

J. P. Idclings. ' Igneous Eocks ' vol. ii (1913) p. 358.
^ For an analvsis of bauxite, see F. Dixev. Eep. Geol. Surv. Sierra Leone.

1921, p. 18. '
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extinction-angles, is determined mainly as oligoclase ; its twin-

lamellse are exceedingly fine. The felspar o£ the micropegmatite

is frequently seen to possess twin-lamellse. The enstatite is pale

green, and generally non-pleochroic ; it occurs as skeleton-crystals

and also as rods and grains, all associated with numerous grains of

iron-ore. Some cr3"stals; densely crowded with minute rod-like

inclusions, exhibit a slight greenish pleochroism. Certain other

vague pyroxenic patches occur in the slide, crowded with grains

of iron -ore. These, like most of the ferromagnesian minerals in

the gabbro-aplites of Skye,^ are probabl}^ the remains of pyroxenes

caught up b}^ the norite-aplite during intrusion. A variety of

medium-grained norite-aplite is seen as an inclusion in a dolerite-

dyke, which has forced its Avay along the same course as an earlier

aplite-vein. This variety is more acid ; it consists chieliy of

granular quartz and orthoclase ; an acid plagioclase occurs as well,

and generally takes the form of relatively large crystals. The
following minerals are also present :—pale-green pyroxene, brown
and green hornblende, brown biotite, magnetite, and apatite, all

showing much the same characters as in the first variety. The
fine extremities of the veins are rich in quartz and micropegmatite,

l)ut the other minerals are generally represented in them also.

(2) The Dolerites.

The dolerites are not often wdiolly of the ophitic tj^DC ; frequently

they show both ophitic and intersertal structure in the same slide,

due to the variable habit of the pyroxenes.

The ophitic structure is developed when the felspars penetrate

irregular plates of pale-brown augite ; these augites, commonly
about 1/8 inch in diameter, are scattered through the rock in great

numbers, and, owing to the numerous grains of iron-ore and small

flakes of brown biotite associated with them, they impart to the

slice a markedly patch}^ appearance. They are sometimes almost
opaque with inclusions. In the remaining parts of the slice, the

pj^'oxene is chiefly a colourless to pale-green enstatite, which is

slighth^ pleochroic and of granular habit
;
grains of this mineral

are often involved in the areas of clear felspar interstitial to the

common felspars of the rock.

The finer varieties of dolerite, occurring near chilled margins
and in thin dykes, consist of minute laths of felspar, with inter-

stitial granules of augite and iron-ore. The coarser types,

developed in the large dykes, sometimes contain phenocrvsts of

felspar possessing fine twin-striation and occasional signs of cor-

rosion [C 125]. In one other variety [C 121], from the middle of

a dyke 18 feet wide, the pyroxenes w^ere developed in the form
of coarse grains showing a tendency to idiomorphism ; a number
of these grains belonged to the rhombic sj^stem, and possessed a

pale-brownish pleochroism. This rock is of especial interest, as

showing an intermediate stage between dolerite and norite.

1 ' The Tertiary Igneous Eocks of Skye ' Mem. Geol. Surv. 1904, p. 119.
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The felsjmr of the ordinarv dole]'ite is of two kinds : the one
occurs as laths and is turbid, whereas the other is interstitial and
almost water-clear. The laths have a narrow clear margin, which,

is opticallv continuous with parts of the adjacent interstitial

felspar. Thus" the felspar-laths are strongly zoned, and where the

margin of the microscope-slide cuts across one of them, it is

interesting to trace the yariation in refractive index from the

centre of the crystal to its outer limit. In this way it can be-

demonstrated, just as in the case of certain Scottish quartz-

dolerites,^ that the composition of the laths ranges fi'om basic

labradorite to acid oligoclase. The felsj^ars making up the larger-

areas of clear interstitial material range from oligoclase to ortho-

clase in composition, and they are riddled by numerous needles of

apatite. Some of these felspars, determined as orthoclase, have
short rectangular outhnes ; while others possess a curious streaky

appearance suggestive of anorthoclase.

These clear areas, and the minerals that compose them, closely

resemble the interstitial jDortious of the AVliin Sill and of certain

Scottish and Pembrokeshii'e quartz-dolerites.

The iron-ores of the dolerite are ^enei-allv abundant; thev

occur as microliths, grains, and irregular masses, the last-mentioned

sometimes assuming curious Avheel-like and other forms similar to

those described by 3Ir. G. W. Tp-rell from the Kilsyth-Croy

intrusions.'-^

(3) The ^Minerals of the Complex.

Q ua r t z.—In the aplite-veins, particularly at their fine extremities,,

quartz occurs in fair amount, both in granular form and in gi-aphic

intergrowth Avith felspar : the felspar of the intergrowth is

generally orthoclase. but in some eases it is an acid plagioclase.

In the norite. however, quartz does not occur as a normal product

of crystalhzation ; this is only to be expected, since olivine is so

commonly developed. Xevertheless, it is interesting to note that

there was probably a small excess of silica at the time when the

feLspars were crystallizing ; later, as the felspars attained a lower

temperatui-e, this excess was precipitated in the form of strings.

and small patches of granular quartz.

Felspars.—The only felspar of the normal norite is an acid

labradorite the composition of which is near Ab,An , as determined

by extinction-angles and refractive index. This felspar is fresh and

clear, grey in colour, and free from zoning. It generally forms

pinacoidal tables with Carlsbad and albite twinning
;

pericline

twinning occurs also. The grey colour of the felspars in the hand-

specimen is due to the presence of innumerable minute opaque

^ ' The Geology of the Xeighbourhood of Edinbnrgh ' 3Iein. Geol. Snrv^

Scot. 1910. p. 30^5.

- ' Geologv & Petrology of the Intrusions of the Kilsyth-Croy District

Pumbai-tonshire) ' Geol. 5lag. 1909, p. 308.
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black inclusions ; these inclusions, which apparently consist of iron-

ore, may occur in parallel bands along certain twin-lainellse, or

may be scattered irregularl}^ throughout the crystal. They
generally lie parallel to two or more crystallographic planes in the

felspar. They are much more numerous in the felspar of the

younger norites ; this felspar, approaching bytownite in com-
position, is more basic than that of the normal norite. The felspar

of the beerbachite, on the other hand, is slightly more acid than^

that of the normal norite. The plagioclase occurring in the aplite-

veins belongs to the acid end of the soda-lime series ; it exhibits'

minute twin-striation, and its variable composition is indicated b}^

strong zoning. Finally, the plagioclase of the dolerite ranges in;

composition from basic labradorite to acid oligoclase ; the basic

portions of a crystal form a turbid central area, whereas the acid

parts make up a clear relatively'' narrow external zone. Porphyritic

plagioclases occur locally in some of the fmer-grained phases of the

norite ; the phenocrysts do not differ appreciably from the ground-

mass felspars in composition, and moreover, like the latter, they

contain occasional strings and clots of granular quartz.

^

Orthoclase occurs as a constituent of the aplite-veins, and it is

present also in the interstitial material of the dolerite.

Localh^, the more basic felspars show small quantities of a

pale-brown alteration-product, which is developed in fibrous form.

transversely to cracks ; sometimes it appears as minute rhombs
[C 48]. It is of low refractive index and feeble birefringence.

The felspar of the norite enters into an interesting series of

intergrowths with magnetite, augite, and olivine (see below,

p. 329).

Pyroxenes,—ISText to the felspars the pyroxenes are the most
abundant minerals in the norite. They consist essentially of augite

and hypersthene ; but there occur also small quantities of a pale

augite, and of a colourless rhombic pyroxene. Enstatite occurs in

both the aplite and the dolerite.

The augite of the norite is chiefly a smok3^-brown diallage

;

schillerization, as lines of minute grains and rods of iron -ore, is

sometimes strongly developed. 'Not infrequently the augite faintly

simulates the pleochroism and polarization-colours of the hyper-

sthene ; a similar feature has been noted in the augite of the

Kilsyth- Cro}^ intrusions by Mr. Gr. W. Tyrrell, who attributes it

to the presence of the hypersthene-molecule in the augite. ^ A
colourless to pale-green augite, probably diopside, occurs in the

aplite-veins.

The hypersthene of the norite is associated with the augite in

variable projDortions
;

generallj^, however, it is subordinate to the

augite. It is less common in the older than in the younger norite..

^ Quartz occurs similarly in the Charnockite Series : see A. Harker,
' The Natural History of Igneous Eocks' 1909, p. 261.

- ' Geology & Petrology of the Intrusions of the Kilsyth-Croy District

(Dumbartonshire) ' Geol. Mag. 1909, p. 306.
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It occurs in various tints of brown : the pleocliroism, Avliich is

genei'ally strong, lias been observed as follows :

—

X. liglit-red to bro"\vaiisli red ; Y, reddisii yellow ; Z. pale green.

-Bastite is o£ rare occurrence only ; sometimes, however, the hyper-

sthene contains vellow-o-reen fibrous veins of a mineral which
resembles delessite : this mmeral has been noted in the h^^persthene

of the Charnockite Series^ and in the ' pyroxene-leptynite ' (Lacroix)

•of (Ceylon. Hypersthene is practically the only pyroxene of the

beerbachite, in which it is more or less granular, with a tendenc}^

to idiomorphism. In the coarser rocks, on the other hand, it

sometimes forms large irregular plates enclosing all the other

minerals, after the manner of the big ragged augites in the

eucrites of Rum.^ Schillerization is developed much as in the

diallage, except that the inclusions are larger and consist of a

brown birefringent mineral. The hypersthene sometimes shows a

fine multiple twinning : this is probably secondary, and analogous

to that sometimes produced in felspars by local pressure. Rarely,

two sets of twinning are seen, crossing at right angles.

The enstatite of the aplite-veins is often idiomorphic, and
not infrequently it takes the form of bladed skeleton-crystals

;

in the dolerite it generally occurs as anhedral grains. It is

colourless to pale green, optically positive, and the ])leochroism,

when visible, is X and Y yellowish or yellow-green and Z green

;

this pleochroism is rarely detected, except in those forms that are

crowded with minute rod-like inclusions.

The order of crystallization of the various pyroxenes is dis-

tinctly variable. The pale augite usually appears as rounded
patches in the diallage ; small and fairly idiomorphic hypersthenes

are sometimes enclosed in augite ; but, on the other hand, plates of

hypersthene may enclose augite-cr3'stals.3 At other times, the

monoclinic and rhombic pyroxenes are intergrown ; they then show
the customary interpositions, and occasionally have a common
crystallogmphic orientation. Several examples were seen, similar

to those observed by Sir Jethro Teall in the dolerite of the Whin
Sill,^ and by Dr. J. Y. Elsden in the norite of St. David's.^ The
latter observer has already shown (ojj. cif. p. 286) that

^ the simiiltaneons separation of these minerals, as sho^vn by intergrowths

and compound twins, might represent the eutectic composition,'

in accordance with Prof. J. H. L. Yogt's view that in certain cases,

the sequence of these minerals should be dependent upon the

1 Mem. Geol. Stirv. India, vol. xxviii (1900) p. 141.
^ ' The Geology of the Small Isles of Inverness ' Mem. Geol. Surv. Scot.

1908, p. 100.
^ Similar relations are noted in the norite occurring near Hiintly : see

W. E. Watt. ' The Geology of the Country around Huntly (Aberdeenshire)

'

Q.J.G.S. vol. Ixx (1914) p. 266.
-• Ihid. vol. xl (1884) p. 649.
^ Ihid. vol. Ixiv (1908) pi. xxxii.



part 4] NOEiTE or sierra leone. 327'

relative proportions of lime and magnesia present in the magma.

i

Yogt has shown elsewhere " that, when magnesia is largely in excess

of lime, the rhombic pyroxene would crystallize first ; it would
then be followed by intergrowths of mix -crystals, and these latter-

by monoclinic pyroxene alone, in accordance with lloozeboom's.

Type TV of mix-crystals. There occurs also a lamellar inter-

growth of hy^Dcrsthene and augite similar to that of the pyroxenes,

in the St. David's, Whin Sill, and Duluth rocks ; it ranges from
strong banding down to lamellation so thin as to be scarcely 'per-

ceptible microscopically. The finer phases of the lamellation and
other intimately-related forms are probably due to deposition from
solid solution. With reference to similar phenomena in the-

labradorite-norite of the Lofoten Islands (Norwa}^), Prof. J. H. L.

Yogt has stated that ^

'By cooling down to ordinary temperature, ... the enstatite-hypersthene

cannot carry so much Ca(Mg, Fe)Si.,0,. in solid solution. Consequently some
augite is separated ou.t in perthitic lamellae—corresponding with the perthitic-

lamellge of albite or albite-oligoclase in perthitic striated microcline.'

The relations of the pyroxenes to the other j)rincipal minerals,

depend upon the relative propoi'tions of the various minerals in the

magma : when the p^a'oxenes are greatly in excess of the general

eutectic, they are the first minerals to crystallize out. The eutectic

minerals enter into an interesting series of intergrowths.

The pale augite occurring as rounded inclusions in the diallage

is probably the monoclinic form of magnesia-pyroxene which Dr.

Elsden has briefly discussed in his St. David's paper.'*

Olivine.—This mineral is a common and often important con--

stituent of both the older and the younger norites ; some varieties

of the norite consist almost entirely of olivine and felspar, while

certain bands in the banded norite are very rich in coarse granular

olivine. Olivine is absent from the normal beerbachite ; but it

is frequently present in this rock as xenocrysts derived from the

norite. Olivine occurs principally in the norite, both as rounded
blebs and as more or less idiomorphic crystals ; sometimes it

occurs as strings and clusters of contiguous crystals which, while

presenting rounded outlines to other minerals, are themselves

separated by clean crystal-faces. The cr3^stallization of the olivine

extended over a considerable period : where the mineral was rela-

tively abundant it formed fairly idiomorphic crystals, but where it

was in relatively small proportion, on the other hand, it developed as.

skeleton-crystals enclosing pyroxenes and laths of felspar. Locally,

however, it formed a beautiful poecilitic struclure with the pyro-

xene ; sometimes it entered into intergrowth with other minerals,

(see below).

1 'Die Silikatschmelzlosungen ' pt. i (1903) p. 129 & pt. ii (1904) p. 109,.

Vidensk. Selsk. Skrifter, Christiania.
2 See J. V. Elsden, ' Principles of Chemical Geology ' 1910, p. 166.
•' 'On Labradorite - Norite with Porphyritic Labradorite- Crystals, &c.''

Q. J. C. S. voL Ixv (1909) p. 101.
4 Ibid. vol. Ixiv (1908) p. 288.
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ISTormally. the olivine is remarkably fresh ; aj)art from j^^le-

.

green and vellow'-green serpentine, the most important alteration-

product is iddingsite. This mineral replaces the olivine first along

tracks and then in the intervening spaces, nntil it forms large

plates, varying in colour from deep brownish-red to yellow and
green. It has strong double refraction, and is distinctly pleochroic,

the colours ranging from red-brown to a yellowish tint, vibrating

respectively parallel with, and at right angles to, the short axis of

-the polarizer. In the hand-specimen it has a good cleavage in one

direction ; the iiakes, which can be separated with a knife, are

somewhat brittle. It occurs most commonh" in norite relatively

irich in iron. The mineral bears a close resemblance to that

described by Prof. AV. S. Boulton from an intrusion of monchiquite

in the Old Red Sandstone of Monmouthshire.^ Well-marked
.reaction-rims are sometimes developed between the olivine and
the felspar. The olivine frequently encloses beautiful dendritic

: magnetite.

Iron- Ores.—The chemical analyses of the norite indicate that

the iron-ore contains a considerable percentage of titanium

;

examination of thin sections shows, however, that the amount of

titanium varies in different specimens of the ore. Lateritic iron-

ores derived from, the norite have been found to contain as much
as 20 per cent, of titanium dioxide. The ore apparently consists

of a mechanical mixture of magnetite and ilmenite ; for, when
,a saiuple is powdered, the two minerals can readily be separated

by means of a magnet. ~ It is thus a titaniferous m.agnetite or
* titanomagnetite.' The luagnetite (titanomagnetite) is present

in all phases of the norite, but it is not always developed to

the same extent. It occurs generally as irregular grains, some
of which are rounded while others are more or less idiomorphic.

Tt is often interstitial to other minerals of the rock, showino- that

its crvstallization extended to a A'erv late stas^e ; on the other

'.hand it not infrecjuently forms, as in the Skye gabbros, large plates

in which all other minerals are embedded.-^ It enters into intimate

intergrowth with other minerals (see below, p. 332), and even

: appears in some cases to be replacing them ; similar relations

have been noted in the Dulutli gabbro, concerning which M. L.

IsTebel states that

' Magnetite is often later than angite and olivine, as well as plagioclase, as

it is found surrounding and penetrating tliem in stich a manner as to suggest

corrosion of the older mineral and partial replacement by the magnetite
(pi. xiii, c): Econ. Geol. vol. siv (1919) p. 372.

^ ' On a Monchiqmte Intrasion in the Old Eed Sandstone of Monmouthshire '

• Q. J. G. S. vol. Ixrii (1911) p. 472.
- See J. H. L. Yogt. ' On Labradorite-Xorite with Porphyritic Labradorite-

' Crystals, &c.' Q. J. G. S.toI. Ixv (1909) p. 87 : and also'j. J. H. TealL ' The
•Geology of the Glasgow District ' Mem. Geol. Surr. Scot. 1911. p. 128.

^ A. Geikie & J, J. H. Teall, ' On the Banded Structure of some Tertiary

'Gabbros in the Isle of Skye' Q. J. G. S. vol. 1 (1894) pi. xxviii.
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The presence of ilmenite can occasionally be detected bv charac-

teristic cleavage and also by white patches and highly refracting

borders of leucoxene
;

generall}'', however, the iron-ore is too fresh

to show these decomposition-products. Narrow borders of p3a'0xene

.also occur, and scraps of biotite are often associated with the ore.

Although iron-ore occurs so persistently in the norite, and may
-even occur locally as numerous ' schlieren ' up to 3 inches in thick-

ness and as small masses several inches long, there are unfortunately

110 indications that the ore is anywhere sufficiently concentrated to

be worth working for industrial purposes.

Hornblende.—Grreen and brown varieties of this mineral occur

in the aplite-veins, frequently intergrown vs'itli biotite. It is

tibsent from the norite, except where produced by contact-meta-

morphism (see below, p. 341).

Biotite.—This mineral normally occurs in the norite only as

minute brown flakes associated with the iron-ores ; it is fairly

common in the aplite-veins and in the dolerite, and frequently

iirises in the norite as a result of contact-metamorphism.

Apatite.—As in the St. David's Head rocks,^ this mineral

occurs most commonly in the more acid members of the complex.

It forms countless minute needles and numerous grains and prisms

in the aplite-veins, and occurs abundantly also as small needles in

the interstitial matter of the dolerites.

Zircon occurs sparingly in the complex in the form of minute
prisms, and r utile has been found in concentrates of river-

o-ravels..»

(4) Iiitergrowtlis oi^ the Common Minerals, and
Crystallization of the Norite-jMagma.

One of the most interesting features of the Sierra- Leone norite

is the number of binary and ternary intergrowths occurring

between the principal minerals.

Prof. J. H. L. Vogt,2 in an investigation into the sequence and
process of crj^stallization in gabbroidal rocks, noted in the

labradorite-norite of the Lofoten Islands a ternary S3^stem which
is closely paralleled in the Sierra-Leone norite. The labradorite-

norite referred to was 'chemically and mineralogically on the

boundary between labradorite-rock and norite'; it was jDorphja-itic,

with xenocrysts of labradorite. Vogt says (^op. cit. pp. 91, 95) :

—

' We may distinguish between the following three stages of crystallization :

—

[A.] (1) Plagioclase alone (phenocrysts)

;

(2) then plagioclase and magnetite contemporaneously
;

(3) plagioclase, magnetite, and pyroxene-minerals, besides biotite,

contemporaneously.

1 J. V. Elsden, ' The St. David's Head Rock Series ' Q. J. G. S. vol. Ixiv

(1908) p. 289. 2 j5jYZ. vol. Ixv (1909) p. 81.
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' If then we confine ourselves to the chief minerals, and if we provisionally

look upon the two pyroxenic minerals as one unit, we find here the same three-

stages of crystallization as in the ordinary ternary systems consisting o£

independent components.'

In extension of this idea, the following series might also be
expected to occur, since magnetite crystallized earlier than felspar,

when the ratio of the magnetite-component to the felspar-

component exceeded a certain quantity:

—

B. (1) Magnetite.

(2) Magnetite and felspar (simultaneously).

(3) Magnetite, felspar, and pyroxene (simultaneously).

Both series A and B actually occur in the Sierra-Leone norite,.

even to the development of phenocrj^sts of labradorite in the

less coarse varieties. Moreover, with a slighth" increased propor-

tion of pyroxene, the following moditication of A is sometimes,

produced :

—

C. (1) relspa,r.

(2) Felspar and pyroxene.

(3) Felspar, pyroxene, and magnetite.

(The minerals of stage 2 and of stage 3, respectively, in this,

and the following systems ciystallize simvUtaneously.)

There is also evidence in the formation of other binary and
ternary intergrowths, graphic or otherwise, of the existence in the

magma of a number of additional ternary systems, due to the

inclusion of olivine as a fourth independent component; they^

include :

—

D. (1) Felspar.

(2) Felspar and olivine.

(3) Felspar, olivine, and magnetite.

And E. (1) Pyroxene.

(2) Pyroxene and olivine.

(3) Pyroxene, olivine, and magnetite.

The development of the above ternary systems in the porite-

does not imply great variations in the composition of the magma
as originally intruded, nor general variations in the resultant rock..

There is evidence from the experiments of A. L. Da}^ & E. S.

Shepherd,^ that magmas differing slightly in composition will, at

different temperatures, give rise to a limited number of eutectics-

which differ considerably one from the other in composition and iu

the character of the minerals formed. The experiments referred

to were made upon the lime-silica series of minerals, for which
three eutectic points were found ; but it seems very pi'obable that

the results would apply in some measure at least to the crystal-

lization of more complex magmas such as occur in nature. Local

variations in composition within the magma were probably set

up in the course of crystallization and cooling, and they were

doubtless complicated also by more or less superfusion and possibl}^

viscosity."

^ Amer. Journ. Sci. ser. 4, vol, xxii (1906) pp. 265 et seqq.

* J. V. Elsden, ' Principles of Chemical Geology' 1910, p. 151.
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In rare cases there is even seen a quaternary intergrowth

•composed of felspar, pyroxene, olivine, and magnetite. This inter-

growth is of considerable interest, because it contains all the

principal components of the rock, and is therefore practically the

theoretical eutectic of the magma. An almost parallel case has

been described by Dr. R. H. Rastall ^ from the Skiddaw Grranite,

in Avhich a quaternary eutectic of four of the five principal com-
ponents is sometimes developed.

The following is a brief description of the more interesting

intergrowths of the Sierra-Leone norite and of corresponding

intergrowths in other rocks :
—

(i) Binary.—Plagioclase and augite form two types of

graphic intergrowth in the norite. The first type is obviously

primary, and occurs as narrow parallel rods of augite penetrating

the felspar (see PI. XVIII, figs. 5 & 6) ; a similar intergrowth has

been noted in the Norwegian syenite-pegmatites,^ in the coarser

parts of the Rowlej^ basalt,^ and in the Duluth gabbro.^ The
second t3^pe is of slightly later age, and generally takes the form
of a corona or reaction-rim partly enclosing biotite and olivine at

their contact with plagioclase ; it is developed only on the plagio-

clase side of the contact and spreads more or less fanwise into

the felsjmrs (see PL XIX, fig. 1). It is in general readily distin-

guished from the first type of intergrowth, both by its finer texture

iind b}^ its relation to other minerals, particularly the felspars. The
manner in which it is seen to spread through the felspars indicates

that, although formed after the main period of crystallization of

the rock, it was nevertheless connected in some way with the final

stages of consolidation. That it is unlikely to be a secondary

alteration-product is shown by the beautifully fresh condition of

all the minerals of the rock. With regard to the production of a

similar intergrowth in the Duluth gabbro, Nebel writes (o/:>. cif.

pp. 376-77 & pi. xiv, fig. h) :—

' The evidence is not conclusive, however, as to whether the process was a

phase of the last stages of crystalHzation of the magma, or whether it

was a metamorphic process which took place after the rock was completely
solidified. The fact that the gabbro shows many metamorphic features

indicates that a metamorphic origin for the intergrowth is possible.'

Dr. J. J. Sederholm clearly favoured the theor}^ that this inter-

growth was of a secondary nature, and formed by metamorphic

1 ' The Skiddaw Granite & its Metamorphism,' Q. J. G. S. vol. Ixvi (1910)

p. 120.
2 W. C. Brogger, ' Die Mineralien der Syenitpegmatitgange der Siidnorweg-

ischen Augit- & Nephelinsyenite ' Zeitschr. Krystallogr. vol. xvi (1890)

pp. 149-52.
'^ J. J. H. Teall, ' British Petrography ' 1888, p. 212 & pi. xxiii, fig. 2.

^ M. L. Nebel, ' The Basal Phases of the Duluth Gabbro, near Gabami-
chigami Lake (Minnesota) & its Contact-Effects' Econ. Geol. vol. xiv (1919)
p. 371 & pi. xiv, fig. a.

Q. J.G. S. No. 312. 2 a



332 DR. T. DIXET OX THE [vol. Ixxviil^

agencies later than the solidification of the rock.^ In the Sierra-

Leone norite, however, the intergrowth is frequenth' deA^eloped in

places where it appears very unlikely that metauiorphic agencies,

have had any influence. It is, nevertheless, true that intergrowths

of felspar and augite are more abundant in the contact-altered

norite than in the imaltered rock (see below, p. 338 & PI. XIX,.
fig. 6), but this is due only to the increased op])ortunity of crystal-

lization afforded by the great heat of the intrusions, whereb}"

the two minerals, already present in eutectic proportions, could

recrystallize in graphic intergrowth.

Plao'ioclase and olivine form relativelv rare intero-rowths.

that follow a crude graphic plan ; the small blebs and shoi-t laths

of olivine embedded in the felspar are in optical continuity with a

neighbouring larger crystal of olivine. Similar occurrences have
been noted and fio-ured br W. S. Bavlev- and M. L. Xebel.-^ These
minerals occasionally enter also into simultaneous crystallization

after the fashion of anorthite and olivine in the alliA'alites of
Eum.^

Olivine and magnetite form a graphic intergrowth recalling

the dendritic inclusions of magnetite in olivine. Intergrowths of

these minerals have been described from certain rocks in Alno.-^'

In highly ferriferous parts of the norite, augite and magnetite
may frequently be seen to bear similar interstitial relations to the

remaining minerals ; sometimes, in these circumstances, they entei^

into a graphic intergrowth consisting of rods of the two minerals

lying parallel to the cleavage of the augite. Intergrowths of these

two miinerals have also been noted by Dr. A. Harker.^ Moreover,

hypers tbene and magnetite enter into intergrowth in the

form of plates of hypersthene enclosing graphic magnetite (see

PI. XIX, fig. 2). Intergrowths of the monoclinic and rhombic
pyroxenes have been described above (see p. 326).

The following intergrowths also occur

—

(a) pyroxene and
olivine"

;
(b) plagioclase and magnetite, in which rods and

narrow tongues of magnetite penetrate the felspar 8; and (c) in

the aplite-veins, hornblende and biotite.

(ii) Ternary.—The most striking ternary intergrowth is that

composed of parallel rods of felspar, pyroxene, and magnetite

^ ' On Synantectic Minerals & Related Phenomena ' Bull. Comm . Geol.

Finlande, No. 48 (1916) pp. 9-46.
^ ' The Basic Massive Eocks of the Lake Superior Region ' Journ, Geol.

vol. i (1893) p. 709.
'^ Econ. Geol. vol. xiv (1919) p. 372.
^ ' The Geology of the Small Isles of Inverness ' Mem. Geol. Surv. Scot.

1908, p. 88.
"^ E, Workman, ' Calcite as a Primary Constituent of Igneous Eocks

'

Geol. Mag. 1911. p. 193.
6 ' The Natural History of Igneous Eocks ' 1909, p. 271.
'' Compare Yogt's researches on slags, 'Die Silikatschmelzlosungen ' pt. i

(1903) Vidensk. Selsk. Skrifter, Christiania.

^ See also J. H. L. Yogt. ' On Labradorite-Norite with Porphyritic Labra--

dorite- Crystals, &c.' Q. J. G. S. vol. Isv (1909) p. 81.
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[C 68]. (See PI. XVIIT, fig. 6.) A second system, similar in

many respects to one seen in the Diiluth gabbro,i consists o£
pyroxene, olivine, and magnetite. In certain of these intergrowtlis

minerals form angular and wedge-shaped masses, which irregularly

interlock and enclose one another. Interlocking rhombic and
monoclinic p3a'oxenes are occasional!}^ associated with one other
mineral in ternary intei'growth.

(iii) The principal minerals of the quaternary intergrowtlis are

pyroxene, magnetite, and olivine ; felspar enters in as the fom-th
constituent, intergrown graphically with one or more of the other
minerals. These intergrowtlis are similar to the quaternary
eutectics noted by Prof. Lacroix in certain pyroxene-gneisses.

^

Intergrowths of this order are sometimes formed also from the

ternary intergrowths of the norite, through replacement of a simple

pyroxene by intergrown rhombic and monoclinic pyroxenes.^

It is possible to express in a simple diagram the variable minera-
logical composition of the norite and also the development of the

ternary systems from magma of a given composition. It v^dll be

assumed in that part of the diagram which illustrates the sequence
of crystallization in the ternary systems, that the crystallization

proceeds without interruption or modification due to the formation
of mix-crystals. This assumption is justified, with the minor
exceptions of olivine and pyroxene taking up small amounts of

magnetite and titanic oxide respectively, and of felspar absorbing

small quantities of other minerals.^ Substances held in solid

solution in this manner tend to be precipitated on the cooling of

the rock, and to assume the form of minute inclusions.

Suppose that the oxides SiO.^, Fe.P3.FeO, CaO, MgO, Na.O, con-

stituting the principal chemical components of the norite-magma,

are placed at the angles of a pentagon (see hg. 2, p. 334). The
area, as a whole, represents the general composition of the magma

;

the point SiO^ represents the mineral quartz, and the points A]^0^
and re.p.3.FeO, represent the minerals alumina and magnetite

respectively ; the areas CaO, Aip.,, SiO^, and MgO, Fe.Pg, SiO.^,.

felspar and olivine respectively ; whereas the central part of the

pentagon represents pyroxene. Now take a felspar, magnetite, and
a pyroxene represented b}^^ the points A, B, C respectively ; any
point P within the area ABC will represent a combination of

these three minerals, in proportions which are inversely as the

distances of the point P from the points A, B, C. The composition

of the magma representing the ternaiy eutectic of the felspar, mag-
netite, and p3''roxene can then be found as follows :—Erect ordinates

1 M. L. Nebel, Econ.^Geol. vol. xiv (1919) p. 372.
2 ' Contributions a I'Etude des Gneiss a Pyroxene & des Roches a Wernerite

''

Bull. Soc. Min. France, vol. xii (1889) p. 83.

•^ See J. H. L. Vogt, ' On Labradorite-Norite with Porphyritic Labradorite-

Crystals, &c.' Q. J. G. S. vol. Ixv (1909) p. 81.

4 See J. V. Elsden, 'Principles of Chemical Geology' 1910, p. 182.

2a2
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Aa, Bb, Cc to represent temperatures, the points a, b, c being the

freezing-points of the minerals A, B, C. Through a, b, and c will

pass freezing-point surfaces for mixtures of A, B, and C,

respectively, with the remaining two minerals.^ Each pair of

surfaces will intersect in a line formed by the eutectic points of

the pair of minerals at different temperatures ; the three lines

representing the binary eutectics will meet in a point representing

the ternary eutectic. Let Ej^E, E^E, and E^E, represent the

projection of the three lines on the area ABC; then the inter-

section (E) of these lines is the required point.

The order of events in the cooling and crystallization of a

magma of comjoosition P will be as follows : an indicating point

vertically above P will descend as the magma cools, until it reaches

SiO

the freezing-point surface of the felspar (A) at a ; then the felspar

will begin to crystallize out, and the indicating point will travel

along the surface on a line (the projection of which is PQ) directly

away from a, until it meets the felspar-magnetite eutectic line at a
point projected at Q. The magnetite will then crystallize in

eutectic proportions with the felspar, and the indicating point will

travel down the binary eutectic line of these two minerals until it

reaches the ternary eutectic point, which is projected to E. Then

1 See A. Harker, ' The Natural History of Igneous Eocks ' 1909, %. 60,
p. 202. The notation which I have adopted is after that employed by him.
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the three minerals (felspar, magnetite, and pyroxene) will proceed

to ciystallize together in eutectic proportions and at a stationary

temperature.

Similarlj^ it will be seen that in the cooling of a magma of

composition X, magnetite would crystallize out until the residue

attained the composition Y, wdien felspar would crystallize with

the magnetite ; the remaining magma would finally attain the

composition E, at Avhich the ternary eutectic (magnetite, felspar,

augite) would be formed, as before.

The ternary eutectic of a pj^'oxene C^ an olivine D, and
magnetite B, or of any other of the ternary sj^stems described

above, could also be expressed by this method.

(5) The Order of CrystallizatioD.

It is obvious from the fores^oino- remarks that the order of

crystallization in the norite-magma was far from being in

accordance with the law, named after E-osenbusch, which commonly
holds in the case of basic magmas. The principal departures from
this law rest in the early crystallization of the labradorite, the

prolonged and generally late crystallization of the iron-oi'es,

the variable crystallization of the olivine and pyroxenes, and the

late crystallization of the biotite. The order of crj'-stallization

followed the law, however, in the early precipitation of the apatite

and zircon. Prof. J. H. L. Yogt's more simple law, demonstrated

by his researches on slag,i that the order of crystallization is

determined by the relative proportions of the several minerals

present as compared with the eutectic proportions, seems to have

been the leading principle. This is confirmed by the occasional

development of a quaternary intergrowth which closely approaches

the theoretical eutectic of the magma. With regard to similar

conditions in the vSkiddaw Granite (see above, p. 331) Dr. R. H.
E-astall concludes :

—

' It appears to follow that the order of crystallization was that which finally

led to a eutectic cojuposition which expressed itself as a graphic intergrowth

of a varying number of components. The large and comparatively pure
phenocrysts represent the excess of certain components over this eutectic

ratio.' (Q. J. G. S. vol. Ixvi, 1910, p. 121.)

Nevertheless, certain anomalies in the crystallization of the

norite were possibly due to the influence of superfusion and
viscosity ; superfusion itself may cause not only reversals in

the order of crystallization, but also may result in a marked
sequence of separation in place of the simultaneous crystallization

of the eutectic. 2 The early precipitation of the apatite and zircon

1 ' Die Silikatschmelzlosungen ' pt. i (1903) Vidensk. Selsk. Skrifter,

Christiania.
2 W. Meyerhoft'er, ' Schmalzpunkte & Ausscheidungsfolge von Mineralien

'

Zeitsohr. Krystallogr. vol. xxxvi (1902) pp. 593 et seqq. ; see also J. V. Elsden,
'Principles of Chemical Geology' 1910, pj). 151 & 154.
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is probably due to the imniiscil)ility of these compoiuicis with the

common akmiinous silicates.^

The actual order in which the iiiinerals ciystallized when not
too strongh' affected by eutectic proportions was as follows :

—

(1) apatite and zircon
; (2) magnetite, olivine, and pyroxenes in

small amount; (3) labradorite
; (4) most of the olivine

; (5) most
of the pyroxenes; (6) most of the magnetite; (7) biotite

;

(8) micropegmatite and quartz. This order agrees closely Avith

that of the Duluth gabbro.- The periods of crystallization, other

than (1) and (8), were not always sharply delined. however, and a

considerable amount of overlapping ensued : for instance, the

magnetite, although occurring principally as in the above list,

nevertheless kept up a certain amount of crystallization all through

th.e periods, almost to the end. The magnetite of certain basalts

in Franz Josef Land behaves in a similar way, as was pointed out

by Sir Jethro Teall as long ago as 1897 (Geol. Mag. p. 554,).

A little biotite formed on some of the earlier crvstals of mag-
netite, and, in general, diallage ])receded hvpersthene.

Finally, it is worthy of note that, although crystallization in the

principal member of the norite-complex did not follow the common
sequence, the different members of the complex were nevertheless

intiTided in the normal order : that is, that of decreasing basicity.

(6) Contact-Metamorphism within the Complex.

Some interesting contact-effects have been observed as a result

of the invasion of one member of the complex by another. These
effects scenerally took the form of corrosion and recrvstalhzation.

Sometimes, however, small quantities of hornblende and biotite

were developed ; but, apart from these, no new minerals were

produced. This is in the main what would be expected, since the

composition of any one principal intrusion did not differ very

much from that of another.

Such changes as have taken place at the Sierra -Leone contacts

are more closely paralleled in certain cases described by Prof.

Lacroix ^ from the Central Plateau of France and elsewhere,

rather than in any of the British occurrences. Most of the latter

liefer to the alteration by plutonic masses, not of basic plutonic

rocks, but only of basic lavas; and it is imcertain in most instances

ihow far secondary products had developed in the lavas before they
were invaded by the new magmas.^ Consequently, these cases

'Cannot often be taken as good examples of the thermal metamor-
phism of basic rocks. The British occurrences to which I would

^ A. Harker, ' The Xatiiral History of Igneous Eocks' 1909, p. 200 ; and
.J. Y. Elsden, ' Principles of Chemical Geology ' 1910. p. 135.

•2 M. L. XebeL Econ. Geol. vol. xiv (1919)'p. 372.
^ ' Les Enclaves des Eoches Yolcaniones ' Ann. Acad. Macon, ser. 2. vol. x

(1893).
^ See A. Harker & J. E. Marr. • Supplementary Xotes on the Metamorphic

JRocks .around the Shap Granite' Q. J. G. S. vol.'xlix (1893) p. 360.
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particularly refer are the alteration of basic lavas hj the Shap
Granite, 1 and of the Ej'-cott lavas by the Carrock-Fell Gabbro " and
the Eskdale Granite.^ The changes induced in these cases *^' consist

essentially of the conversion of pyroxenes to amphiboles, the

recrystallization of the felspars into a mosaic, and the development

of brown biotite ; locally, garnets, sphene, and other minerals are

developed. The Grainsgill Granophyi-e ^ altered the augite of

iihe Carrock-Fell Gabbro locally into compact brown hornblende,

formed granular sphene from the ilmenite and felspar, and con-

verted the felspar into secondarj'' minerals. Exam])'es are given

in the Skye Survey Memoir of gabbro enclosing xenoliths (1) of

ultrabasic rocks and (2) of an earlier gabbro ; in the first case it

is stated that no clear indication of thermal metamorphism occurs,

a-nd in the second no mention of any alteration is made.^

Prof, Lacroix, in the course of his studies on the inclusions of

volcanic rocks, was able to consider in detail the effect of basic

magmas on coarse-grained basic and ultrabasic xenoliths ; but, so

far as possible, he satisfied himself beforehand that the xenoliths

were still fresli at the time when they were first attacked by the

magma. In a later paragraph his results will be compared with

those obtained in Sierra Leone. Although in the course of building

up the complex described above, the invading magmas themselves

did not suffer any appreciable modification, the rocks invaded were
nevei'theless subjected to a more or less intense contact-metamor-

phism. The more important examples of this metamorphism occur

in the older or normal norite where it has been invaded by :

—

(1) A. The younger norite.

B. The beerbachite.

(2) A. The norite-aplite.

B. The clolerite.

The alteration of the older norite effected by (1) the younger
norite and the beerbachite, differed from that due to (2) the

aplite-veins and the dolerite, in the following important par-

ticulars :

—

(a) Magnitude .—The intrusions of the first group were much larger than
those of the second group, and accordingly they were able to incorporate
innumerable large and small fragments of the older norite. An examination
of these fragments has afforded excellent material for a study of the corrosion

i A. Harker & J. E. Marr, Q. J. G. S. vol. xlix (1893).
^ A. Harker, ' Carrock Fell ; a Study in the Variation of Igneous Rock-

Masses : Part I—the Gabbro ' Ihid. vol. 1 (1894) p. 334.
•^ E. E. Walker. ' Notes on the Garnet-bearing & Associated Rocks of

the Borrowdale Volcanic Series ' Ihid. vol. Ix (1904) p. 102.
"^ See also the metamorphism of basalt by Cuillin gabbro, ' The Geology of

Glenelg, Lochalsh, & the South-East Part of Skye ' Mem. Geol. Surv. Scot.

1910, p. 145 ; and ' The Tertiary Igneous Rocks of Skye ' Mem. Geol. Surv.

1904, p. 122.
^ A. Harker, Q. J. G. S. vol. 1 (1894) p. 334.
*'' 'The Tertiary Igneous Rocks of Skye' Mem. Geol. ^'iirv. 1904, pp. 99

A 121.
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of xenocrysts. Tlie results obtained confirm the remarks made above as to

the importance of assimilation in certain of the Sierra-Leone intmsives, and
are. moreover, of especial interest in that they reveal the mechanism by which
an intrusion may, in certain cases, absorb large quantities of the rock which,

it invades. No xenocrysts have been found, however, in the norite-aplite and
the dolerites ; consequently, alteration due to these intrusions has to be
looked for in those portions of the norite which are near the contacts.

(6) Character.—The intrusions of the second group, particularly the

norite-aplite, were relatively more acid in composition than those of the fijst

group. Hence the contact-effects of the second group are locally due to the

infusion of new material, even more than to the application of heat ; this has
resulted near the margins of these intrusions in a more intense alteration,,

combined with the development of new minerals in the norite, especially

hornblende and biotite. The alteration produced by the younger norite and
the beerbachite, on the other hand, may be ascribed almost entii'ely to the-

effect of heat, since any infusion that might have taken place could not have
altered the composition of the invaded rock very appreciably.

(1) A. Alteration of norite bv voiinger norite.— The
Yarioiis minerals of the normal norite have been affected as

follows :

—

(a) Felspar.—This mineral shows corrosion and recrystal-

lization, distortion and irregularitr of twin-lamellse; and also a

patchy, irregular extinction. Cleavage and other cracks are abun-

dant. The magnetite-microliths of the felspar are sometimes
replaced by exceedingly minute, pale-green, rounded grains, and
m.uch micrographic felspar and augite are developed, both fine and
coarse. The coarse micrographic augite is enclosed in clear felspar,.

in Avhicli twin-lamellse may sometimes be distinguished. A string

of augite-granules, associated with a little magnetite and biotite,

frequently runs along the contact between adjacent felspars, and on-

each side of the string is a narrow zone of clear recrystallized

felspar. The fine variety of intergrowth generally originates at

the contact of a ferromagnesian mineral with felspar, and then

spreads fanwise into the felspar. It should be noticed that the
above two intergrowths of felspar and augite occur also in the

unaltered norite (see p. 332), in which the coarse variety can
frecj[uently be demonstrated to be of primary origin ; whereas-

the fine variety is often secondary (that is. formed shortly after

the main period of consolidation of the rock). In the thennally-

altered rock, however, these structures are abundantly and charac-

teristically developed, probably because the gentle heat-gradient

set up at comparatively low temperatures gave the minerals a

better opportunity for growing together in graphic fashion than
thev had had in the cooling of the main bodv.o

(b) Augite.—Outlines are embayed and irregular; there are

lines of granules of felspar and magnetite apparently due to

crystallization along cracks and in pores ^C 120_. A granular recry-

stallization of the augite may occur. Magnetite is thrown down
in abundance ; much of it takes the form of long narrow lenticles

generally parallel to the cleavage, with numerous thread-hke
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microliths projecting at right angles. The magnetite occurs also

as numerous crystallites and clots ; individually these are generally

parallel to the cleavages, but they are more closely packed along

certain twin-lamellse. All these features are confined principally

to the inner portions of the crystals, since there is generally a

narrow outer zone free from them; this outer zone points to

renewed crystallization (see PL XIX, fig. 4). The normal faint

pleochroism of the augite is sometimes increased. A patch}"

polarization may be produced, generally in bright colours, but

sometimes in grevs. Flakes of brown biotite appear in some cases

[C172Z^].

(c) H^q^ersthene.—Magnetite thrown down, both as clots and
in coarse dendritic form. The hj^persthene is less susceptible to

alteration than the augite is.

(f?) 1 i V i n e.—Deeply emba^^ed outlines are common ; cracks are

unusually numerous, and manj^ of them show ferruginous stains.

Much serpentine is produced, particularly near the margins of the

crystals. In some cases numerous flakes of biotite are formed
around the margins [C 170] ; in others, where the olivine has

recrystallized in granular form near the edges, small cr3''stals of

augite^ and of hjq^ersthene may be included [C 172 &]. Magnetite

is frequently tin-own down as clouds of dust or in dendritic

fashion.

(1) B. Alteration of norite by beerbachite.—The most
important feature of this alteration is the extensive corrosion of

xenocrj^sts ; olivine and h3'persthene, in particular, have been

attacked so vigorously that they have been reduced to mere
spongy skeletons (see PI. XIX, fig. 3). Augite also has been

activel}^ corroded, with deposition of much iron-ore. Where cry-

stallization has recommenced, however, the augite-crj'-stals have
grown again ; the}^ have thus acquired wide clear zones free from
inclusions of magnetite (see PI. XIX, fig. 4). 'No biotite has been
detected in this type of alteration. Apart from these features,

the contact-action of the beerbachite has been similar to that o£

the younger norites.

From consideration of numerous xenoliths in the beerbachite^

it appears that the various minerals of the norite were dissolved in

the following order :—magnetite, felspar, augite, hypersthene, and,

finally, olivine. Large magnetite-xenocrysts are rarely seen—they
disappear at an early stage ; numerous small and more or less-

rounded xenocrysts of augite may be recognized, and the felspars

are in due course reduced to the average size of the beerbachite-

felspars ; hypersthene and olivine are the most resistant, and large

spongy masses of these minerals, with their rounded pores occupied

^ Prof. C. Doelter lias shown that the formation of augite from oHvine and
felspar is a reversible action; see A. Harker, 'The Natural History of Igneous
Eocks' 1909, p. 168.
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by gi'aniiles of felspar and augite, are a common feature of the

beerbachite near its contact with the norite. This interesting

snceession corresponds fairly well with the order of fusibility

of these minerals as determined experimentally,^ and may be

•compared Avith similar i-esiilts obtained by Pi-of . Lacroix - from
observations on the behaviour of olivine-nodules and other basic

fragments enclosed in coarse basic dolerites.

Lacroix's observatirins on the manner in which the individual

minerals of basic xenoliths are affected by inclusion in a hio-hly

heated basic magma do not differ in any important respect from
those given above ; the chief differences noted in his work are as

follows :

—

(a) Felspar.—Micrographic intergrowths of felspar and aiigite are not

developed ; these minerals recrystallized in granular form.

(/3) Hypersthene.—In general, this mineral was conrerted into granular

augite ; but sometimes it recrystallized into both augite and olivine.

()') Olivine.—Commonly converted into granular augite and magnetite,

or into granular olivine; no biotite was developed. A notable

feature in the alteration of this mineral was that it frequently

recrystallized into a form quite unlike that habitual to it : it assumed
the habit of long-bladed crystallites which, elongated in the direction

of the C-axis, locally gTew parallel one to the other so as to form
the skeleton of a large crystal of olivine.

These differences, particularly the gi-eater frequency of fine

granular forms in the minerals described by Lacroix, may be

ascribed to the fact that the xenoliths studied by this author had
been incorporated in a magma crystallizing under volcanic or at

most hypabyssal conditions ; whereas those considered in the pre-

sent paper were attacked by magmas subjected wholly to plutonic

conditions. Further, the phenomena observed in the Sierra-Leone

rocks took place on a much larger scale.

(2) A. Alteration of norite by norite-aplite. — The
zone of alteration produced in the norite by a narroAV yein of

norite-aplite is generally many times wider than the vein itself.

The zone may be regarded as consisting of an inner zone, in which
the alteration is most intense, and an outer zone, with less

intense alteration. The minerals of the two zones are affected as

follows :

—

Felspar: inner zone.—The crystals are rendered clearer;

this is probably due to loss of magnetite-microliths, to the intro-

duction of silica and orthoclase. and also to a certain amount of

recrystallization. Further, the twin-lamellse of the felspars become
yague or even indistinguishable, the outlines of the crystals become
sinuous, and a carious patchy extinction is developed. The refrac-

tive index of the felspar does not, however, fall below that of

Canada balsam. Numerous shreds of hornblende are developed.

^ A. Harker, ' The Xatural History of Igneous Eocks ' 1909, p. 156.
- ' Les Enclaves des Roches Yolcaniques ' Ann. Acad. Macon, ser. 2. vol. x

<1893) pp. 483 et seqq.
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Outer zone. — On the whole, the felspar shows slightly

increased turbidity, but inan}'^ cr3^stals are crossed by clear bands

containing gj-anules and microliths of hornblende and pyroxene.

The felspar-crystals are. moreover, separated by narrow clear areas

in Avhich granules of the ferromagnesian minerals occur. Much
additional micrographic felspar and augite is developed.

Augite: inner zone.—This mineral is represented only by
plates and spongy masses of green hornblende, crowded with

innumerable regularlv-arranged microliths and clots of iron-ore;

even the iron-ore tends to disappear finally (see PI. XIX, fig. 5.)

Outer zone.—The augite shows the usual additional precipi-

tation of iron-ore, and moreover is often traversed by brown
streaks developed along cracks and along certain twin-lamellae

[C 172 d']. These streaks are frequently accompanied by numerous
flakes of brown biotite ; the flakes, which are often parallel, may
extend outwards into the adjacent felspar [C 172 f/]. The augite is

generally fringed with green hornblende, which increases in amount
as the inner zone is approached.

Hypersthene: inner zone.—Generally, only the inclusions

of iron-ore are recognizable ; the mineral itself has been converted

into green hornblende.

Outer zone.—Often heavily charged with iron-ore, both in

the form of microliths and of a coarse graphic intergrowth with

the hypersthene. The mineral shows increasing alteration to green

hornblende.

Olivine: inner zone .—The crystals are not recognizable in

this zone.

Outer zone.—Much iron-ore is thrown down, with the develop-

ment of numerous brown and green serpentinous veins. The
mineral is sometimes converted into a mesh of vellow-s^reen

serpentine, with flakes of brown biotite around the margins
[C 172 f/]. Generally, however, it alters to green hornblende (see

PL XIX, fig. 6).

(2) B. Alteration of norite by dolerite.—In one speci-

men [C 72] taken from near the contact, the felspars are turbid
and extensively altered, both to calcite and to a colourless mica in

the form of minute tufted flakes. The pj^oxenes are more or less

completely altered to green hornblende ; and much magnetite is

thrown down as a fine dust along innumerable cracks.

In another specimen [C 172 5] hornblende is developed only
about the contact; elsewhere the ferromagnesian minerals are

largely altered to flakes of brov/n biotite. Much corrosion of the
older rock has taken place, and the junction with the dolerite is

very ill-defined. The felspar, for some distance from the contact,

shows evident recrystallization, and in its turbidity and minute
twin-lamellation it is scarce!}^ to be distinguished from the felspar
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of the dolerite. Also, inicrograpliic structures are abundantly

developed in the felsj)ar, and granules of augite run along its

boundaries. The pyroxenes and the olivine all show more or less

complete recrystallization, and they are, moreover, granulated

around their maro-ins ; the STanules alono- the maro'ins of each

mineral ai-e intermixed with those of the other minerals, and also

with flakes of biotite.

In conclusion, I wish to express my thanks to Prof. A. H. Cox,

of the University College of South AVales & Monmouthshire,.

Cardiff, to whom I am indebted for many valuable suggestions in

the course of this work and also for laboratory accommodation
during the examination of specimens.

IT, Sl'm:maet axd Coxclusioxs.

(1) The norite of Sierra Leone constitutes a complex, of which
the oldest and most important member is an olivine-norite. The
complex forms the mountainous mass which, together with a

narrow coastal plain of Pleistocene sediments, makes i\p the Sierra-

Leone peninsula.

(2) The norite differs from other well-known noritic intrusions

in its great size, apparent batholithic character, and lack of exposed

marginal or basic phases ; its junction Avith older rocks is obscured

b}'' the Pleistocene sediments.

(3) The complex is believed to be of very o-j-eat age, although

probably later than pre-Cambrian ; it belongs to the AYest African

Magnesian Province.

(4) The main intrusion of norite was invaded in succession by
the following related minor intrusions:— (i) norites of slightly

different character, which generally possessed a coarser texture
;

(ii) norite-pegmatite
;

(iii) beerbachite
;

(iv) norite-aplite ; (v)

dolerite.

(5) The first intrusion of norite consists essentially of labra-

dorite, augite, and hypersthene, with varying ])roportions of olivine

andiron-ore (titanomagnetite). The rock is beautifully fresh, and
it o'enei-allv exhibits stiono- flow-bandino-. In addition to the

intrusions already mentioned, the older norites are cut by segre-

gation-veins, by veins emanating from the younger norites, and by
small lenticles of a felspar-olivine rock,

(6) An interesting series of binary and ternary intergrowths of

the common minerals has been observed in the norite, indicating

the importance of eutectic conditions during the crystallization

of the magma. Consequently, there was very often no regular

order of crystallization among the principal minerals.

(7) The younger norites form two or more series of intrusions

cutting the older norite ; but they are collectively of small bulk

as compared with the original intrusion. In addition to their

g^reater coarseness, they are as a rule readily distino-uished in the

field from the older norite by their grey colour and scaly weathered

surface, and also by the absence of banding and jointing. In thin



part 4J NORITE OF SIERRA LEONE, 343

section the younger norites, as compared with the older norite,

generally seem to be richer in liA^persthene, in iron-ore, and in

micrographic intergrowths o£ felspar and augite ; moreover, the

felspars of the younger norites are slightly more basic.

(8) The field-relations of the older and younger norites are

•often ver}^ complex, owing to the irregular manner in which the

younger rocks broke through the older ; highly-corroded xenoliths

of the older norite are abundantly included in the younger norites,

iind there is much evidence to show that the older rock has been
incorporated on a large scale in the younger rocks.

(9) The beerbachite intrusions are generallj^ small, and of

irregular form. The larger masses actively disintegrated and
assimilated the preceding intrusions of norite. The beerbachite

consists essentially of fine-grained granular labradorite and hyper-

;sthene, with some augite and iron-ore.

(10) The norite-aplite veins occur in the norite in the form
of fine threads consisting mainly of quartz and micropegmatite.

These threads are, however, only the relatively-acid terminations

•of wider veins which are sometimes seen to attain a thickness of as

much as 9 inches. The thick j^ortions of the veins are light in

colour, and possess a pale greenish tinge ; they are of medium
"texture, and consist chiefl}^ of acid soda-lime felspar, orthoclase,

quartz, and micropegmatite, with small quantities of pyroxene,

hornblende, biotite, and apatite.

(11) The norite-aplite veins were succeeded by a series of more
•or less ophitic enstatifce-dolerite dykes, free from olivine and rich

"in interstitial acid felspars. In many respects, these dykes closely

resemble the well-known British quartz-dolerites ; they are, never-

theless, free from quartz and micropegmatite.

(12) Several stages of differentiation may be distinguished in

the complex : for instance, deep-seated differentiation, differentia-

tion during intrusion, and differentiation in place.

(13) The older norite was subjected to varying degrees of meta-
morphism by the younger members of the complex. A resultant

•effect of frequent occurrence in the norite was the recrystallization

of parts of the felspar and augite into a graphic intergrowth of

these two minerals. The intrusives more closely related to the

norite in composition caused active corrosion and recrystallization,

but did not set up new minerals ; the relatively acid intrusions,

however, such as the norite-aplite and the dolerite, converted the

-pyroxenes to hornblende and modified the felspars, besides effecting

other changes.

(14) Iron-ores occur in the norite only as disseminated grains,

as small masses up to several inches in length, and as narrow
schlieren; they are highly titaniferous. Sulphides and other

economic minerals often associated with noritic intrusions are rare

or absent.

(15) Laterite is developed on the rocks of the complex only to a

slight degree ; it occurs principally on ancient platforms carved

into the mass, and on parts of the complex characterized by
numerous joints.
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EXPLAXATIOX OF PLATES XYI-XIX.

Plate XVI.

Fig. 1. The Sierra Leone Mountains, looking southwards from the
summit of Leicester Peak. The photograph shows part of the
middle ridge of the mountain-mass ^vith Sugar-Loaf Mountain,
capped by a cloud, on the right. Eegent village is seen in the
upper part of the Orugu Valley on the left of the photograph. (See

p. 301.)

2. Contact of coarse norite with older or normal norite,
foreshore, near Ciodrich. The left-hand portion of the photograph
shows normal norite, easily recognized by its jointing : in the right-

hand portion is seen part of a big intrusion of coarse norite, charac-
teristically free from jointing. (See p. 310.)

Plate XVH.

ig. 1. Coarse norite invading normal norite, foreshore, near York.
The photograph shows fragments of normal norite embedded in

coarse norite. The fragments, recog-nized by a relatively-smooth
weathered surface, possess deeply corroded outlines due to the

corrosive action of the invading rock : moreover, at the right-hand

end of the big block of norite shown in the photograph, there is

seen a rock of patchy character due to incomplete assimilation of
the fragments by coarse norite. (See p. 312.)

2. Beerbachite invading and incorporating normal norite^
TVilberforce Spur. The photograph shows a large residual

boulder, about 6 feet long, consisting mainly of beerbachite ; on
the weathered siu-face may be seen irregular streaks and patches,

due to fragments of normal norite which have been softened, drawn
out. and partly incorporated by the beerbachite magma. (See

p. 315.)

Plate XTni.

Fig. 1. Normal norite [C 3], summit of Leicester Peak. A large

fresh crystal of olivine is cut by the lower end of the vertical wire,

and two crystals of schUlerized diallage are cut by the horizontal

wire ; hypersthene partly enwraps the olivine and diallage. The
clear mineral is labradorite. In the top left-hand quadrant is part

of a crystal of labradorite which is completely enclosed in diallage

and hypersthene ; the labradorite of the central part of the section

is later than the hypersthene. Several grains of iron- ore are

enclosed in hypersthene. Ordinary light. X 23. (See p. 32-5.)

2. Beerbachite ~C 93], Wilberforce. The following minerals are

present, mostly in granular form :—^pyroxenes, chiefly hypersthene,

felsi^ar, and black iron-ore. Some of the pyroxenes possess idio-

morphic outlines. The minerals show a slight tendency to paral-

lehsm. Ordinary light. X 23. (See p. 326.)

3. "Xorite-aplite ]C172a], near York. The photograph shows
much fine micropegmatite and also two large crystals of acid

plagioclase, one of which possesses two sets of twin-lamellae inter-

secting at right angles. Small patches of felspar with twin striae

are enclosed in the micropegmatite. The plagioclase. as well as

the orthoclase,is seen to be graphically intergrown with the quartz.

At the intersection of the cross -wires is a fine spongy mass of

enstatite. and adjacent to it, in the lower right-hand quadrant, is

another mass which is of somewhat less dense texture ; the second

mass consists of minute, more or less parallel, prisms of enstatite,

all embedded in a plate of felspar which shows fine twin-lamellse..

Crossed nicols. X 28. (See p. 322.)
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Fig-. 4. Enstatite-dolerite [C 163], south of York. The section con-

sists principally of zoned plagioclase and angite. In the top left-

hand quadrant is a patch of clear untwinned felspar, enclosing

grains of pyroxene and numerous small needles of apatite ; also it

partly encloses an irregular plate of augite. Interstitial to the

laths and prisms of plagioclase, and also enclosed in the areas of

clear felspar, is much granular pyroxene, in the form of both com-
mon augite and enstatite. The felspar-prisms each consist of

turbid labradorite surrounded by a narrow zone of clear felspar.

In the lower half of the figure is a sj)ongy mass of iron-ore.

Ordinary light. X 28. (See p. 324.)

5. Primary intergrowth(binary) of felspar and augite [C68],
Lumley. The figure shows fine and coarse grains of augite

embedded in clear labradorite. The bigger grains, arranged in rude

graphic fashion, are in optical continuity with the augite that

encloses the large plates of magnetite. Ordinary light. X 28.

(See p. 331.)

6. Primary intergrowth (ternary) of felspar, augite, and
magnetite [C68], Lumley. The minerals depicted are felspar

(white), augite (dark grey), and magnetite (black). The magnetite

is largely enclosed in augite that shows characteristic cleavage.

Parallel tongues of augite, each enclosing a rod of magnetite,

project into the felsi^ar. Near the intersection of the cross-wires,

in the upper right-hand quadrant, the ternary intergrowth is beauti-

fully developed in the form of fine parallel rods of the three com-
ponent minerals. In several parts of the slide the augite is seen to

be graphically intergrown with the felspar. Ordinary light. X 28.

(See p. 333.)

Plate XIX.

Fig. 1. Corona-like intergrowth of felspar and augite [C68],
Lumley. The intergrowth was formed later than that shown in

PL XVIII, fig. 5. The minerals depicted are labradorite (i^ale grey),

the intergrowth (dark grey), and magnetite (black). The clear

spaces represent fragments of the slide that have broken away.
The intergrowth is seen spreading fan-wise into the felspar from
the contact of this mineral with the magnetite. The felspar-

crystal enclosed in the magnetite has been largely replaced by the
intergrowth. Ordinary light. X 28. (See p. 331.)

2. Graphic intergrowth of hypersthene and magnetite,
normal norite [C 1], Leicester Peak. The minerals depicted

are the following:—felspar (white), with faint cleavage-cracks;

olivine (pale grey), with thick irregular cracks ; hypersthene
(medium grey), with a fine parallel cleavage ; augite (dark grey),

locally almost opaque with schiller inclusions; and magnetite
(black) . In the central portion of the section, with a large crystal

of olivine on the left and a smaller crystal of augite on the right,

is an irregular plate of hypersthene in which abundant graphic
magnetite is embedded. The magnetite appears also as large plates

in the hypersthene. Ordinary light. X 28. (See p. 332.)

Figs. 3 & 4 illustrate the alteration of norite by a magma of similar

composition ; namely, beerbachite.

3. Corroded xenolith of olivine and hypersthene in beer-
bachite [Mount Aureol, No. 3]. The left-hand half of the
section consists mainly of olivine, and the right-hand half mainly
of hypersthene. These minerals have been so extensively corroded
that they now form merely a spongy network with interstices
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occupied by g-ranules of felspar. The hypersthene has largely

recrystall] zed in granular form ; it contains much magnetite, of

which some at least has been thrown down as a result of thermal
metamorphism. The olivine has recrystallized locally, but only
to a slight extent. Along its contact with the hypersthene the
olivine has been converted into serpentine ; this serpentine appears
black in the photograph. Magnetite has been thro^aa do-wn along
cracks in the olivine. Ordinary light. X 28. (See p. 339.)

Fig. 4. Corroded augite - xenocry st in beerbachite [C 101],
Wilber force.—The minerals seen here are felsj^ar, pyroxene,
and magnetite. The augite-xenocryst, derived from the norite,

underwent much corrosion ; in the course of this corrosion the

crystal was rendered almost opaque by the deposition of much
iron-ore in the form of s chiller -inclusions. Then, as the en-

closing magma began to crystallize, a clear outgro^vth formed
around the xenocryst ; this outgrowth is in optical continuity with
the augite of the original crystal. Ordinary light. X 28. (See

p. 339.)

Figs. 5 & 6 illustrate the alteration of norite by a relatively-acid

magma : namely, norite-aplite.

5. Alteration of augite by norite-aplite [CllGci], near
York. In the centre of the field of view is a crystal of augite

which has been almost completely replaced by hornblende in the

form of ragged green plates ; remnants of the original crystal may
still be seen as small light-coloured shreds. Numerous grains of

iron-ore are scattered through the crystal ; they were thrown down
as a result of the alteration. In the lower part of the figure the

pseudomorph is seen to be in communication with a small vein of

norite-aplite that was chiefly responsible for the alteration. The
felspar shown in the figure has also been considerably modified

;

it has on the whole become less turbid, although numerous inclu-

sions have developed in it. In the upper left-hand quadrant is a

patch of turbid felspar which shows only slight traces of alteration.

Numerous shreds and small spongy masses of hornblende are

enclosed in the felspar ; at least some of these represent augite

which originally had been intergrown with the felspar in graphic

form. Ordinary light. X 28. (See p. 341.)

< 6. Alteration of olivine in norite [C 172d], near York.
An altered crystal of olivine is seen in the centre of the field

of view
;
part of another similar crystal is seen in the upper left-

hand quadrant. The olivine has been rendered almost opaque by
the deposition of much magnetite in the form of dust and small

grains. Around the margins the olivine has been largely replaced

by flakes of brown biotite, as may be seen in the upper right-hand

quadrant and along the lower margin of the crystal of olivine.

An interesting feature of this contact-alteration of the norite is the

abundant development of micrographic felspar and augite, which
in the present instance almost completely su.rrounds the altered

olivine, and spreads more or less fan-wise into the adjacent felspar.

The intergrowth takes the form of small curved rods and blebs of

. augite embedded in felspar. Ordinary light. X 28. (See p. 341.)
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Discussion.

Dr. J. W. Eyans expressed his sense of the value o£ this paper,

which described an intrusion of norite of unusual size and excep-

tional characters. The comparatively fine grain of the main
intrusion might be explained by the fact that its present form
corresponded approximately to its original contours. The subse-

quent intrusions might owe their coarser texture to the fact that

the mass into which they were intruded was still hot. It would
have been more satisfactory if the contact of the norite with the

surrounding rocks could have been investigated by means of

borings through the alluvium, but that was impracticable at the

present time.

Mr. A. E. Kit SON" congratulated the Author on the valuable

work that he had done in Sierra Leone. He agreed with the view

that the norite-mass of the Colony had probably been intruded

along a zone of faulting, and thus had determined to some extent

the character of the coast-line of this part of West Africa.

Since the norite-mass had not been foliated, he believed that it

was later than pre-Cambrian in age. The remnants of old plat-

forms showed strong evidence of at least four successive uplifts,

aggregating more than 1000 feet above sea-level. He agreed with

the Author that there had been a good deal of assimilation of the

older norite by the younger intrusions. Examples of assimilation,

though of different rocks, occurred in the Gold Coast. He added
that it was interesting to note that, although in the area between
Freetown and the Hill Station there was a considerable amount of

bauxitic ' laterite,' he had not seen any blocks of bauxite.

The Author thanked the Fellows present for the kind reception

given to the paper, and the speakers for their remarks. With
reference to Dr. Evans's observation concerning the coarse texture

of the younger intrusions, the Author thought that this texture

was accounted for, not only by the fact that the younger norites

were intruded into a mass that had not entirely cooled down, but

also by the fact that they were themselves probably of considerable

size, although commonly giving rise only to small outcrops. Also,

when intruded, they had sufficient reserve of heat to incorporate

the older rock in considerable amount. Finally, the coarser texture

was possibly induced by a slight difference in composition, much
as in the case of the succeeding intrusions of norite-pegmatite,

which were even coarser in texture. In reply to Mr. Kitson,

the Author stated that iron-ores occurred in the younger norites

much as in the older norites, except that in the former they were
present only as grains and small segregations, and not as schlieren.

Also, bauxite occurred in small amount on outcrops of both the

older and the younger norites.

Q. J. G. S. No. 312. 2 b



348 ME. H. B. MiLXEE o:s' THE [vol. Ixxviii,

12. The Xatuee and Oeigix of tlie Plioce>'e Deposits of the

Cor>'TT of CoEywALL, and tlieir Beaeixg on tlie Pliocene

G-eogeapht of tlie South-West of Englax'd. Bj HE>'Er

Beewee Milxee, M.A., D.I.C., F.Gr.S., Lecturer in Oil

Technology at the Eoval School of Mines. (Eead December

21st, 1921.)
Contents.

Page

I. Introduction 348

n. Mode of Occurrence of the Deposits 349

TTT. Methods of Investigation 353

lY. Lithological Character of the Deposits 354

V. Petrography of the Sediments 357

VI. Comparison and Correlation of the Deposits 364

Vil. Source of Origin of the Deposits 366 -

Vin. Pliocene Geography of the South-West of England. 367

IX. Summary and Conclusions 3 73

I. Inteoducttox.

The present paper deals more pai*ticularly with the petrography of

the younger Tertiary deposits of Western Cornwall Avhich, by
reason of their mode of occm-rence and lithological similarity to

the well-known fossihferous beds of St. Erth, have been generally

assigned to the Pliocene age. These deposits occur as isolated

patches of detrital material resting in eroded hollows in Palaeozoic

or older rocks in the sonth-western part of the county, and are

located at St. Agnes, -1 miles due south-west of PeiTanporth ; at

St. Erth and Canons Town in the Hayle-Eiver Yalley ; at Crousa

Common, a mile and a half south-west of St. Keverne (Lizard

district) ; and at Polcrebo, near Crowan, 1 miles south of Cam-
borne, where an outcrop of gravels of alleged Pliocene age is found.

With the exception of the St. Erth Beds, no fossils have hitherto

been discovered in these deposits, and theu' sti-atigraphical position

has been inferred entirely from general geological and topographical

considerations.

The object of this paper is not only to establish the relative

ages of these deposits by petrographic methods, but to demonstrate

the importance of this mode of attack in problems of stratigra-

phical correlation where palseontological evidence is in some cases

lacking. In addition, the mineralogical factors concerned are used

as a guide to the determination of the origin of these sediments

and, in conjunction ^ith topographic data, to restore the geo-

graphy of this part of Britain in early Pliocene times, in so far as

the evidence at om- disposal allows.
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II. Mode or Occueeeis^ce of the Deposits.

{a) St. Agues.

Flanking the nortliern part of St. Agnes Beacon, and having the

form of a crescent-shaped outcrop, the Pliocene deposits are here

resting on a belt of metamorphosed Ladock Beds (Lower Devonian)

sm'rounding the St. Agnes granite-mass, except in the extreme

south-western corner where they abut on the granite itself. The
height of the Beacon is 628 feet O.D., and, as we descend the

northern slope, the deposits are first met with approximately along

the line of the 420-foot contour, whence they are continuous down
a gentle gradient to the 35U-foot level. Both the upper and the

lower limits of the outcrop are concealed by several feet of 'Head,'

a conspicuous feature of the Quaternary geology of this region, and
consequently the actual contacts between the sands and the under-

hdng rocks are everywhere hidden.

In addition to several minor natural exposures of the sands and
clays, which here, as elsewhere, constitute the principal facies of

these deposits, there are several overgrown pit-sections visible

;

while two more recent pits giving greater facilities for study occur :

one at Higher Bal, half a mile west of St. Agnes Church, and
the other at Beacon Cottage, at the foot of the Beacon on the

south-western side. In the former case about 12 feet of clay and
sand are now seen overlain by 3 to 4 feet of ' Head

'
; in the latter

exposure only 10 feet of grey clay are seen, the section being now
much obscured. The older sections mentioned by Sir Henry
De la Beche^ and quoted by Clement Reid^ are certainly no longer

in existence, and are either quite overgrown or obliterated by
waste-material thrown out from the adjacent mines.

(b) St. Erth.

On the eastern side of the Hayle-River valley, and situate about

half a mile from the river itself, at the village of St. Erth, is the

classic occurrence of Pliocene deposits, so well known for their

peculiar (indeed, in this country, unique) fauna. The actual

boundaries of the outcrop are again somewhat difficult to define

precisely, on account of the thick capping of ' Head ' developed.

Houghly elliptical in shape, about half a mile long and a quarter

of a mile broad, the St. Erth sands lie on a gentle valley-slope

between the 170- and the 50-foot contours ; the mass has a

discernible north-easterly and south-westerly strike, and is bounded
by a well-marked quartz-porphyry dyke (' Mellanear ' or ' Long-
Rock ' elvan) "^ on the north-west, and by an elongated sill of

greenstone on the south-east, both intrusions having this dominant

' ' Report on the Geology of Cornwall, Devon, & West Somerset ' 1839,

pp. 258-60.
^ ' The Pliocene Deposits of Britain ' Mem. Geol. Surv. 1890, pp. 66-67.
^ ' The Geology of the Land's End District ' Mem. Geol. Surv. 1907,

pp. 63-64.

2b2
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strike direction. Between the dyke and the sill is the basin-

shaped depression in the Mylor Slates (Lower Palaeozoic) in which
the deposits were laid down, and thus we can explain the disposi-

tion of the sands in a north-easterly and south-westerly direction

at this jDlace. Natural sections in these deposits are rare, and
evidence for mapping has to be based largely on quarry-exposures,

on the character of the soil, and on topographic data. The arti-

ficial sections at present visible differ greatly from those examined
even 14 years ago, when the Geological Survey Memoir of the

district was first published ; in no case is the fossiliferous clay

to be seen now, and, of the three exposures available for study,

that of the Cornish Sand Company's pit (an enlargement of the

better known ' Harvey's Pit) ^ is by far the best. This pit is

situated immediately south of and adjacent to the road leading

from the village to the vicarage. The old pits west of the vicarage,

in which the fossils were originally obtained, are now much over-

grown, and all traces of the fossiliferous clays obscured.

^

The Cornish Sand Company's pit, which has been rapidly ex-

tending during the last few years, shows an excellent section

in the Pliocene sands. The character of these deposits varies

considerably both laterally'' and in depth, and apart from minor
irregularities in bedding, there is a marked dip of the whole series

of 5° north-westwards which determines the gentle slope of the

fields betw^een the vicarage and the village, and further explains

the non-appearance of the fossiliferous clay in this pit. The
section shows an average thickness of 20 feet of sand resting upon
the eroded Palaeozoic fioor, Avhich consists of slate intersected in

one place by an ' elvan ' dyke. The sand is overlain by 2 to 4 feet

of * Head ' and surface-soil.

The late Clement Reid, writing in 1890,^ suggested that possibly

a similar outcrop to that of St. Erth would be ultimately discovered

on the watershed separating the Hayle River from the streams

draining into Mounts Bay at Newtown ; but careful search, both

here and at likely horizons throughout the whole valley from nori;h

to south, failed to reveal any trace of Pliocene material other than

that recorded by the Geological Survey as occurring at Lelant

Downs, half a mile north of Canons Town, 2 miles west-north-west

of St. Erth. In this case the evidence of outcrop, though indefinite,

is certainl}^ in favour of the occurrence of a small patch of Pliocene

deposit resting upon metamorphosed Mylor Slate at a height of

about 150 feet above O.D., and having much the same topo-

graphical aspect as the St. Erth Beds opposite. No pits have ever

been dug in this deposit, and the only evidence obtainable is from
the sandy nature of the soil and from a few blocks of ferruginous

sandstone found occasionally on the valley-slojDe.

^ Mem. Geol. Surv. 1907, p. 72.

2 At least 5 feet of sand and rubbly surface-material now filling- the pits

would have to be removed before exposing- the clay again, even if the thick

and overgrown vegetation were cleared.
3 ' The Pliocene Deposits of Britain ' Mem. Geol. Surv. p. 60.
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{c) St. Keveriie.

Resting on the Lizard ' platform ' at a height of 364 feet above

O.D., and situated a mile and a half due south-west of the village

of St. Keverne, are the Crousa-Common gravels hrst noticed by Sir

Henry De la Beebe in his report of 1839. Unlike the similar deposits

of St. Agnes and St. Erth, the extent of this outcrop is easy of

definition. It consists of a rectangular mass 1 mile long b}^ half a

mile broad, lying upon the eroded surface of the Lizard gabbro,

the conspicuous feature of this area. As Mr. J. B. Hili has pointed

out,i the extent of the deposits is naturally defined by the sharp

change in vegetation noticeable as the boundaries between the

sands and the igneous rocks are traversed ; in the former case the

marked development of gorse, heather, and pine contrasts strongly

with the more fertile grassy soil yielded by the gabbro, and the

typical weathered blocks of this rock scattered everywhere over

the surface of its outcrop constitute a further element of differen-

tiation between the two.

Both natural and artificial sections in these sands are common,
but only one pit is at present worked, the others being overgrown
and often under water. The best exposure is that in a shallow

quarry adjoining the main road to St. Keverne, immediately east

of the 9th milestone from Helston. This pit shows a section of

coarse sands and gravels varying from 8 to 10 feet in thickness,

and capped by a few inches of mixed surface-detritus and peaty

soil. The deposits are remarkable for their varying texture, the

strong current-bedding exhibited, and for the quantity of big

pebbles and even boulders associated with them. Their base is not

seen in this particular pit, although it cannot be far below the

floor of the present Avorking (1920), as in wet weather the pit is

badly flooded, pointing to the existence of impervious clayey rock

at no great depth, such as would be yielded by the superficial

decomposition of the gabbro. In some of the older abandoned
pits on the north side of the road in the wood, blocks of gabbro

maj^ be seen in dry weather protruding from underneath the sandy

floor, thus showing the vertical extent of the deposits.

Xo fossils have ever been found in the Crousa-Common deposits,

and their Pliocene age has been inferred from their relations to

the Lizard 'platform,' a remnant of the characteristic Pliocene

features of the West Country.

{d) Polcrebo.

The curious pebble-bed found at Polcrebo near Crowan, -1 miles

south of Camborne, originally described by W. T^^ack - and later

referred to by Mr. J. B. Hill,^ is of very limited extent ; it consists

principally of well-rounded [pebbles of quartz, resting at a height

1 ' The Geology of the Lizard & Meneage ' Mem. GeoL Sury. 1912, p. 230.
^ Trans. Eoy. Geol. Soc. Cornwall, vol. ix (1875) p. 177.
3 ' The Geology of Falmouth & Camborne ' Mem. Geol. Siu-v. 1906,, pp. 88-89.
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of 480 feet upon an eroded granite-surface, and is of \evy obscure

origin. Beyond the doubtful topographical evidence as to its

alleged Pliocene age, there is little whereb}" to reconcile its sug-

gested relationship to the St. Agnes, St. Erth, or Crousa-Common
deposits.^

III. Methods of Investioation.

In all cases the individual outcrops of the deposits were sampled

both laterall}' and vertically : in the first instance, suitable ex-

posures were located along the strike of the beds, from which
samples were taken at regular intervals if outcrops allowed ; in the

second case all the principal quarry- sections at each locality Avere

visited, and the sands sampled from top to bottom at intervals

depending on the lithological variations noted in the beds. As an

example of this method of procedure we may take the St. Erth
occurrence—in a lateral distance of some 800 yards measured
along the strike of the beds, four samples were taken at approxi-

mately equal intervals of 200 yards, the material being furnished

by stream, hedgebank, and quarry. For sampling in depth, the

Cornish Sand Company's pit was chosen, since it showed the

maximum vertical section exposed in the beds at the time. In

this case samples were taken from 6, 8, 14, 20, 22, and 23 feet

below the surface, these horizons representing the more marked
lithological variations in the deposit as seen in this pit. The
samples referred to in all instances consisted of about 200 grammes
of material, having regard to the average grade-size of the par-

ticles, about 0*2 mm. In the case of much coarser material, as

at Crousa Common, at least 500 grammes were taken for each

sample, in order to ensure a reasonable yield of ' heavy ' residue.

The usual method of procedure for the qualitative examination

of the mineral constituents of the deposits was adopted ; the

samples were first sifted free of the larger grains and pebbles, by
using a 30-mesh sieve and later a 60-mesh sieve ; in this way each

sample was divided into three rough grades, a coarse, medium, and
fine. The coarse material, rejected by the 30-mesh sieve, included

the grains greater than approximately 0*5 mm. in diameter ; the

medium material, passed by the 30-mesh but rejected by the 60-

mesh sieve, included the grains between approximately 0*25 mm.
and O'O mm., while the fine material, passed by the 60-mesh, in-

cluded all fine sand, silt, and clay : that is, particles less than
0*25 mm. in diameter. It is desirable to emphasize that such

grading is onl}?" of a very approximate character, and is used solely

for convenience in qualitative work, but not for accurate mechanical

anal3^sis, which must be obtained by the ordinary methods of

elutriation ; it is of use, however, in giving a rough impression

of the relative proportions of the particles between the chosen

limits.

1 Ihid. p. 88 ; also Trans. Eoy. Geol. Soc. Cornwall, vol. ix (1875) p. 181.
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The coarse material was first carefully examined with a lens, and
subsequently with the microscope, in the latter case by placing

some of the grains on a black card and viewing them by reflected

light. The medium and fine material were both washed with

water, treated with a dilute solution of hydrochloric acid so as to

remove any ferruginous coating of the grains, and in the case of the

fine grade, boiled previously with a 1 per cent, solution of sodium
carbonate to deflocculate silty and clayey matter. The clean sand

was then dried, and about a third taken for treatment with * heavy'

liquids. (A jDreliminary trial in all cases showed that these Plio-

cene deposits yielded abundant residue, and consequently there was
no necessity for utilizing the whole of the cleaned sample, except

for quantitative determination.)

For the * heavy ' mineral concentration bromoform of specific

gravity 2*821 and, in special circumstances, cadmium borotungstate

of specific gravity 3 '28 were used. The residues thus obtained

were separated with an electromagnet into magnetic and non-

magnetic crops ; these were then mounted in Canada balsam for

microscopical examination, and a slide was made in each case of

the * light ' material of the sample, s.g. <2'82. The total amount
of ' heavy ' mineral concentrate obtained in all cases was mounted,
to ensure inclusion of the rarest mineral species present in the

sediment.

In many instances the samples were examined quantitatively,

and the percentages of light material, ferruginous cement, silt and
clayey matter, and ' heavy ' residue determined. Such results are

included below in the section dealing with the petrography of the

various deposits.

IV. LiTHOLoaicAL Chaeactee of the Deposits.

(a) St. Agnes.

The deposits here consist of a well-marked series of yellow,

white, and brownish-red sands overlain by grey and mottled clays.

The principal section exposed at Higher Bal, west-north-west of

St. Agnes Church, shows abont 6 feet of sand, yellow at the base,

and passing up into an almost pure white sand, which gives place

to a brownish-red facies immediately beneath the clay. The
transition from the sand to the clay is actually not so sharp as at

first sight appears, and an intermediate arenaceous clay separates

the sands below from the true clays above. The sanely clay and
overlying grey and mottled clays in this section vary from 7 to

8 feet in thickness, although this facies tends to thicken south-

westward ; as in the Beacon Cottage pit no sand is exposed, and
8 to 10 feet of clay occur. The sands themselves occasionally

^ Since the War, tlie bromoform put on the market has varied considerably

in purity, and the specific gravity has fluctuated accordingly ; in some cases

it was possible to raise the gravity to 2*9 by repeated distillation, but not
without great trouble and a certain amount of loss.
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yield interesting well-worn quartz-pebbles, quartz-veined ' killas

'

pebbles, rounded schorlaceous fragments, and (more rarety) rounded

pebbles of cassiterite.^ A few coarser grit-bands are present in tlie

red sand, but they are essentially local and discontinuous.

[b) St. Erth.

Here again the clay and sand facies are both developed in these

deposits, although unfortunately we are no longer able to study

the former in situ ; for the old section in the Vicarage pit at

St. Erth, in which the fossiliferous clay occurred (see p. 351), we
must refer to Prof. P. F. Kendall & P. Gr. Bell's diagram in their

paper dealing with the Pliocene fauna of this deposit.^ From
the details given it is evident that the section showed a few feet

of * Head ' capping about 6 feet of yellow sand overlying the clay
;

the latter rested upon a much thicker band of ' fine quartzose

sand ' persistent to the base of the series. Unfortunately, the

authors of this paper omitted all details as to thickness of these

beds ; but, from particulars given by Clement Peid,^ and from
the section which it is now possible to measure in the uppermost
yellow sand at the Vicarage pit, it would seem that the clay varied

from 7 to 8 feet in thickness, and the underlying sand from 10 to

12 feet in thickness. The pit now only shows about 5 feet of

the uppermost yellow sand.

The St. Erth sands vary lithologically in much the same manner
as those of St. Agnes do : the same yellow, white, and brownish-

red facies, with an associated grit-band, are present, and the last-

mentioned contains several small pebbles of quartz, killas, green-

stone, and schorlaceous material ; this grit-band, although quite

conspicuous where it does occur, is non-persistent and of little

value as a definite horizon. Other seams of pebbles are scattered

promiscuously throughout the red sand ; such pebbles are always

well worn and by far the greater percentage consists of quartz. A
loamy sand underlying the grit-band is a well-differentiated facies,

of a consistency contrasting markedly with the white and yellow

sand above ; it constitutes the best moulding-sand from the ]Dit,

and is of importance on that account. Current-bedding in this

series is not a well-marked feature, although it may be detected

in some instances on a small scale ; in this respect, we may note a

further similarity to the St. Agnes deposits. On the whole, the

St. Erth deposits are of finer texture than those of St. Agnes or

St. Keverne, particularly the last-named ; their general lithology

suggests deposition in deeper water than in the other cases.

The lithological character of the deposit alleged to occur on the

opposite side of the valley at Lelant Downs, has already been

mentioned (p. 351).

^ ' The Geology of the Country around Newquay ' Mem. Geol. Surv. 1906,

p. 64.

2 Q. J. G. S. vol. xlii (1886) %. 1, p. 202.
^ ' The Pliocene Deposits of Britain ' Mem. Geol. Surv. 1890, pp. 59 et seqq.
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(c) St. Keverne.

In the Croiisa-Common gravels there is a much wider variation

noticeable, and the deposits are coarser and more heterogeneous in

composition than in the preceding cases. The material consists

largely of subangular fragments of quartz, occurring both as

grains 025 mm. in diameter and as pebbles 2 or 3 inches in

diameter, with every intermediate grade present ; associated with
the quartz are pebbles of slate of the ' killas ' type, schorlaceous

fragments, and pebbles of rocks recognizable in the Lizard series.

Impersistent seams of finer sand and occasionalh^ §'i*^y clay accom-
pan}" the gravels, but the}' are by no means common. Reference

must be made to the contortions and local folds exhibited hj these

gravels : this feature is certainly most sti-iking in the pit adjacent

to the main St. Keverne road (p. 352), but it would seem to be more
easily explicable as due to current-bedding of coarse detritus in

shallow water, than as the result of later subsoil movements.^ The
coarse texture and the very mixed character of these deposits tend

to accentuate such inequahties of bedding ; but, when examined
closely, their true neritic character is quite apparent. The amount
of material that has to be sifted in order to produce a sand

concentrate for petrographical investigation is more than double

that used in the other cases ; this in itself bears testimony to the

nature of these o-ravels.

{d) Polcrebo.

Mr. J. B. Hill has already pointed out a similarity existing

between the Polcrebo gravels and those of Crousa Common, in so

far as the quartz-pebbles are concerned, a feature remarked by
W. Tyack in his original description of the former deposit.- The
greater mass of the Polcrebo material is quite unlike that of

Crousa Common, however, and consists of Avell-worn rounded

pebbles of quartz and granite, the latter of local origin. These

pebbles are extremely variable in size ; Tyack says that ' they are

of all sizes, from boulders as large as a pumpkin to pebbles as small

as hazel-nuts.' Sand in association with the gravels is of rare

occurrence, and what fine-grained material (2 mm. in diameter)

there is. has been derived solel}^ from the weathering and disinte-

gration of the pebbles themselves. But for their elevation at

iSO feet above sea-level, there is little lithologically to suggest a

relationship to the deposits under consideration, although their

mode of occurrence is certainly sisrnificant.

^ ' The Geology of the Lizard & Meneage ' Mem. Geol. Siirv. 1912, p. 230.
- Trans. Eoy. Geol. Soc. Cornwall, vol. ix (1875) p. 175.
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A". Peteo&eapht of the Sediments.

(a) St. Agnes.

The determination of the mineralogical composition of the

St. Agnes deposits yielded the following results :

—

Horizon 1. II. ' III. IV.

1

Heavy

Residue

:

Light

Material

;

Magnetic.

S.G.

>
2-82.

S.G.

<282.

Minerals.

Quartz Essential constituent throughout.
— — 4 4
4 4 5 4
4 4 13

Essential authigenous material.

Kaolin
Muscovite
Glauconite
Ferruginous cement

Magnetite 7

o

8
3
4
1

1

7 7 ! 7

5 5 5

8 8 813 34—4
2 2 2

2 2 2

Ilmenite
Garnet
Tourmaline
Staurolite

Epidote
Chlorite

Eiotite

(M*
00

oi

ci be

5

Leucoxene 7
4
6

2

4

7
5

1

?

7 ' 7 7
6 6 5

5 16
— 2 24,2 2

5 5 5

5 ' 8 7
5 6 5— ? ? 1—

; 1 1 1—
:

?i ?i

Zircon
Kvanite
Anatase
Rutile

Brookite
Topaz
Andalusite
Muscovite
Corundum
Cassiterite

Xenotime

[9= ' Flood ' of a particular species. 8= Very abundant. 7=Abundant.
6=Very common, 5=Common. 4^Scarce.
3=Ver3^ scarce. 2= Rare. l= Very rare.]

I. Yellow Sand. Base of series now exposed, 15 feet below the sm-face, quarry
at Higher Bal.

II. Red Sand. 12 feet below the surface, quarry at Higher Bal,

III. * Candle Clay.' Average of several samples taken laterally, including quarries

at Higher Bal and Beacon Cottage.

IV. Average composition of the St, Agnes deposits.

The residues yielded by all the members of the St, Agnes
deposits are characterized by the abimdance of the magnetic
minerals as compared with the non-magnetic, and the bulk of this

magnetic crop consists of tourmaline and iron-ores. In the case

of the red sand, the actual proportions are O'Sl per cent, magnetic
to 0'036 per cent, non-magnetic. The ' light ' material is mainly
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quartz, which in the case of the sands constitutes about 94" 1 per

cent, of the facies ; associated Avith the quartz are kaolin, mus-
covite. glauconite, and authigenic matter, chiefly limonite in the

yellow sands, and haematite in the red sands. In the clays the

percentage of mica and kaolin is higher, though much of the

material is an indeterminate ' paste.' probably consisting of cpiartz,

sericite. chiastolite, rutile, and iron -ores ; the mottling of these

clays is due to yariations in the degree of secondary oxidation

undergone by the original iron-compounds.

Description of the more important Mineral Species.

Quartz.—This mineral occurs in subangular to well-rounded grains,

usually" coated with ferruginous cement. On clarification with acid, the

grains are seen to be highly turbid, owing to inclusions of apatite, tourmaline,

and rutile. Xo fluid cavities were noted in the grains.

Muscovite.—Varies considerably in composition. The ' light ' material

(S.G.<2*82) presents fairly-clear irregular flakes of low polarizing character,

usually showing good interference-figures. The denser facies which sinks in

bromoforra is turbid with inclusions of ferric oxide, tending to parallel

arrangement within the flakes.

Magnetite is a noteworthy constituent of all facies of the deposit, and
occurs in subangular grains ; rounded octahedra are rare, though noted more
in the red sands than in the other facies. In the clays, sharply angular

fragments are seen (mag-netite dust), of a brilliant silvery-grey colour by
reflected light.

Ilmenite.—Owing to the absence of well-individualized magnetite, some
little difiiculty is experienced in differentiating ilmenite from that mineral

;

the abundance of leucoxene in the non-magnetic residue, however, is some
measure of the proportion of original ilmenite, though in many cases rounded
irregular grains of the species are clearly defined by their dull reddish-grey

lustre in reflected light.

Tourmaline is exceedingly abundant, and in the yellow and red sands

constitutes the greater part of the residiie. It usually occurs as large,

irregular, and rounded grains, of blue, green, brown, intermediate shades,

and parti-coloured. The bro^vTi varieties show the strongest pleochroism,
and many of the grains, being basal, exhibit uniaxial interference -figures.

Besides the grains (though by no means so common), well-formed prisms are

seen, generally striated, and having rhombohedral terminations and basal

partings ; doubly terminated varieties are rare. Such prisms are usually

blue, green, or bluish-green, and are pleochroic : they have an average
length of 0'3 mm., while the grains frequently measure 0"25 mm. along
their greatest length.

Staurolite.—Only a few grains of indubitable staurohte were recognized,

although the mineral may actually occur in greater proportion, or at least

with more constancy than is to be inferred from the determinations made.
The grains are well rounded, but characterized by their deep brownish-yellow
colour, making distinction between them and the abundant brown tourmaline

a difiicult matter. The weaker pleochroism and higher refractive index than
the tourmaline were noted ; but the most reliable differentiating factor was
the biaxial positive interference-figure revealed in some cases.

Leucoxene.—Abundant and occurring in dull whitish-grey pellets (as

seen by incident light), well rounded, with occasionally a core of unaltered

ilmenite. The grains have a rough and pitted appearance, and are frequently

stained brown.
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Zircon.—Two very distinct varieties of zircon occur, well-rounded doubly-

terminated prisms averaging- 0*3 mm. in length, and short, ' stumpy,' but

well-defined prisms with irregular terminations. The former type is usually

full of inclusions, and is more characteristic of the basal yellow sands ; the

latter variety is almost transparent with only occasional fluid (?) cavities,

and is more typical of the red sands and clay. The scarcity of this mineral

at the base of the series, its common occurrence at the middle horizons, and
its gradual diminution in proportion as the upper beds are reached, considered

together, are noteworthy features.

Kyanite.—These crystals are certainly distinctive, and occur as elongated

prisms determined by the (100) cleavage and (001) parting- ; traces of a well-

marked (010) cleavage are nearly always present ; the grains have suffered

much abrasion, and are on the whole extremely well rounded. They strongly

resemble analogous grains found in the Lower Greensand. (Fig. 3, p. 371.)

Anatase.—Absent in the sands and occurring but rarely in the clay as

indigo-blue tabular crystals perfectly formed. Probably secondary, derived

from the decomposition of ilmenite.

E.utile.—This mineral is not so common as might be expected, and well-

formed crystals are rare. Generally it occurs in well-rounded ' foxy ' red

grains, rudely prismatic, measuring 0*25 mm., and void of any pleochroism.

Topaz.—Well-rounded, clear, and transparent grains of topaz are charac-

teristic of the red sands and clay, but less common in the yellow sand. The
grains are variable in size, measuring from O'l to 0-2 mm. in diam.eter, but
occasionally attaining- 0*5 mm. They are easily distinguishable from the

andalusite by their transparency, absence of pleochroism, and by the biaxial

positive interference-figures exhibited by many of them.

Andalusite.—This mineral constitutes the most important, and at the

same time the most interesting, feature of the St. Agnes deposits. It occurs
both as irregular rounded grains and as well-formed prismatic crystals, and
in most cases exhibits characteristic blood-red pleochroism, more intense

and striking than in the case of any other known occurrence of the
mineral in British sedimentary strata. The ' rounded grain ' type, which is

the commoner mode of occurrence, presents marked subconchoidal fractures,

and is usually less turbid with inclusions than the crystals ; the latter

consist of well-formed rhombic prisms terminated by (Oil) faces or by the
basal pinacoid

;
grains flattened parallel to (001) are normal to the acute

bisectrix, and show biaxial negative interference-figures. The inclusions are

mainly quartz, graphite, and magnetite, and in some cases secondary alteration-

products are developed, the chief of which has been recognized as kaolin.

The pleochroism and usually turbid character of the mineral serve to differen-

tiate it easily from the associated topaz, to which it is only subordinate in

quantity in the red-sand horizon.

Cassiterite.—This mineral is by no means common, and no trace of it

was found in the red sand. In the basal sands and also in the clay, however,
one or two dusky-brown, rounded, tetragonal crystals were observed, measur-
ing about 0*2 mm. in length.

[b) St. Erth.

As stated previously (p. 353) six definite litbological horizons
were recognized in the St. Erth sands, in the vertical section

shown in the Cornish Sand Company's pit ; but only the upper
vellowish-brown sand was traceable laterally. The followino- table
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shows the results o£ the microscopical examination of the various

facies :

—

^ A

;A
6

^ 6

> i

w,

l^i

Horizon A

]M i 11 e r a 1 s

.

Quartz
Kaolin
Muscovite
Glauconite
Ferruo-iiious cement.

Magnetite .

Ilmenite ....

Garnet
Tourmaline
Staurolite .

Epidote
Chlorite

Biotite

Leucoxene
Zircon
Kj^anite ...

Aiiatase ...

Eutile ...

l^rookite . .

.

Topaz ......

Andalusite
Muscovite .

Corundum
Cassiterite .

Xenotime .

B. C. D. E.

Essential and dominant constituent througliout.

5 5 5 5 5 6 5
6 6 4 4 4 5 4
4 4 4 3 4 3 4
Essential autliigenous material throughout.

A. Yellowish-hrown sand, 6 feet below the surface. Average of several samples
taken laterally, including one from the Cornish Sand Companj-'s pit.

B. White sand, 8 feet below the surface, Cornish Sand Companj-'s pit.

C. Brown sand, 14 feet below the surface, Cornish Sand Company's pit.

I). Keddish-brown sand and grit, 20 feet below the surface, Cornish Sand Com-
pany's pit.

E. Chocolate moulding- sand, 22 feet below the surface, Cornish Sand Company's
pit.

F. Reddish-brown sand, 23 feet below the surface, bottom of the pit, Cornish
Sand Companj^'s pit.

G. Average composition of the St. Erth sands.

[Conventional signs as in the previous table, p. 357.]

A quantitative estimation of the mineralogical composition of

an average sample of St. Erth sand gave the following results :

—

Quartz, 91" 6 per cent.

Authigenous and other ' light ' material, 8*26 per cent.

Magnetic residue, 0*120 per cent.

Non-magnetic residue, 0'025 per cent.
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From this it will be seen that the relative proportion of the

magnetic to the non-magnetic residue is less, and the percentage

of authigenous matter (chiefly limonite) greater than in the case

of the St. Agnes deposits. The principal mineralogical features of

the St. Erth sands consist in the abundance of tourmaline (variable

in colour, size, and shape), in the marked ' flooding ' of well-

rounded zircon-crjstals at the upper horizons, in the rare appearance

of garnet (absent both at St. Agnes and St. Keverne), in the

presence of staui-olite in variable quantity throughout, and in the

occurrence of the same type of kyanite (fig. 2, p. 371) as that

remarked at St. Agnes, though generally less common here than

at that locality. Quartz, muscovite, magnetite, ilmenite, kyanite,

and cassiterite all present characteristics similar to the species

occurring at St. Agnes (p. 358), and need not be further mentioned.

The following minerals, however, are specially to be noted :

—

Garnet.—This mineral, although very rare, is distributed laterally

throughout the upper yellowish-brown sand, and also vertically through the

upper faeies of the deposits. It occurs as subangular grains never longer

than 0"2 mm., with a refractive index of about 1*76, pink in colour, and
traversed by numerous intersecting cracks. Its isotropic character is con-

sistent.

Tourmaline.—This most abundant mineral is present both as large and
as small grains and prisms, the prisms averaging about 0'3 mm. and the grains

0'25 mm. in length. The colours range from grey, blue, purple, green, brown,
to yellow, and in many cases parti-coloured grains are seen. A noteworthy
feature of the species is its occurrence as basal sections yielding good uni-

axial interference-figures ; such basal grains are extraordinarily common at

all horizons, and are indistinguishable from similar grains noticed in the

St. Agnes deposits (p. 358). Extreme rounding, subangularity, and irregular

outline of grains are all developed, the last-mentioned feature being

especially noticeable in the reddish-brown sand near the base of the series.

Staurolite.—Common in the upper beds, but scarcer at the lower
horizons, this mineral is well individualized at St. Erth. It occurs as rounded
brownish-yellow grains, exhibiting weak pleochroism, high refractive index

and, in some instances, biaxial interference-figures. The average grains

measure 0*2 mm.

E pi dote.—Grains of this minferal, when present, are all very similar.

They present sharply angular outlines, clear greenish-yellow coloration in

transmitted white light, a refractive index equal to that of the garnets, and
weak pleochroism. Between crossed nicols, third-order birefringence colours

(chiefly blues and yellows) are exhibited, and many of the grains show typical

partial interference-figures for cleavage-flakes parallel to (100).

Zircon.—Reference has already been made above to the ' flooding ' of this

mineral at certain horizons, which is its most characteristic feature. Com-
pared with the other minerals associated with it, and also with the similar

species occurring at St. Agnes, the St. Erth type is much smaller, and much
more rounded ; the average size is 0*1 mm.

E. utile.—In contrast to the St. Agnes deposits, this mineral occurs very
commonly at St. Erth ; the prevalent type of grain is a well-rounded, dusky
reddish-brown prism, with faint pleochroism and a very high refractive index.

Sharply angular and irregular fragments of clear yellow rutile also occur,

especially in the uppermost yellowish-brown sands.
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Brookite.—Only one grain of this mineral wsis identified in the samples
examined, and this occurred in the white sand associated with rutile, as an
irregular, well-rounded, yellow crystal flattened parallel to (100) and striated

parallel to the vertical axis. The grain is feebly pleochroic, possesses a very
high refractive index and birefringence, and exhibits a well-defined biaxial

positive interference-figure.

T o p a z.—This mineral is commoner in the upper horizons than in the lower,

and in some cases occurs in excess of the andalusite. The grains are usually

somewhat irregular, but are clear, colourless, void of inclusions, and average
from 0'2 to 0'3 mm. in diameter.

Andalusite.—The chief feature of this species, as occurring here, is the

intense blood-red pleochroism exhibited by nearly all the crystals, which are

in this, and in all other respects, similar to those of St. Agnes.

(c) St. Keverne.

Microscopical examination of the Crousa-Comnion deposits gave

the following results :

—

Light

Material

:

S.G.

<2-82.

Horizon
1

A. B. C. D.

Minerals.

Quartz Essential constituent throughout.
5 5 5 5

3 2 3 2

Essential autliigenous material.

Muscovite
Glauconite
Ferruginous cement

.. 00 Magnetite 7

8

8

1

4
1

2

7
8

8
1

4
1

1

8

8
1

4
1

1

7
8

8

1

4
1

1

q; c5 Ilmenite

Heavy

Residue

:

Heavy

Residi

Non-Magnetic.

S.G.>2-82.

Magnetic.

S.G.>

Garnet ,

Tourmaline
Staurolite

Epidote
Chlorite

Biotite

Leucoxene 7
4

5

4

4
8
5

4

7
4

5

4

6
9
5

4

8

5

8

5
2

5

9

7

1

7
4

6

4

I
9

5

4

Zircon
Kyanite
Anatase
Rutile

Brookite
Topaz
Andalusite
Muscovite
Corundum
Ca ssiterite

Xenotime

A. ' Gravel ' from Crousa Common, St. Keverne. (Average of several samples.)

B. ' Gravel ' from a quarry bj' the main road, 9th milestone from Helston,

St. Keverne.

C. ' Gravel ' from the base of the deposits, same locality as B.

1). Average composition of the St. Keverne deposits.

[Conventional signs as in the previous tables.]
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The mixed, iin sorted character of these Crousa-Common deposits

venders cpiantitative data of little direct value in this case. Mention
has already been made of the variation in grade-size shown hj
the constituent particles, and the general coarse texture of the

sands has been commented upon ; such variations are reflected in

the elutriation-curve for these sediments plotted by Prof. P. Gr. H.
Boswell, which compares very unfavourably with the curve of

the St. Erth facies.^ It would be expected that the coarser the

sample is in the aggregate, the less will be the j'ield of heavy
residue, and this was found to be the case in the present instance.

The samples collected varied considerably in average texture, and
the residues fluctuated quantitatively from O'Ul to 0'2 per cent.

The only uniform feature was the mineralogical composition of the

sediments, which was found to be constant qualitatively through-

out. The characteristic minerals, both in frequency of occurrence

and in optical properties, are undoubtedly ilmenite, anatase, and
andalusite ; the last-mentioned species particularly predominates
in some samples, and in one non-magnetic residue, save for three

grains of anatase, it constituted the entire crop. The negative

characteristics that should be noted are the extreme rarity of

staurolite, the entire absence of kyanite and garnet, and the

dropping-off of zircon, when these minerals are considered with
reference to the other deposits.

Ilmenite.—The contrast between this mineral and the magnetite tends
to be most marked in these deposits ; whereas the latter frequently occurs in

well-recognizable octahedra, the former is invariably irregular, fragmental,

and ragged. In some cases the partial aJteration to leucoxene can be seen,

and secondary outgrowths of tiny ultra-microscopic crystals (probably of

rutile or anatase) from the opaque nucleus are by no means uncommon.

Tourmaline.—This species is again remarkable for the abundance of

basal grains, as at St. Agnes and St. Erth. Prismatic crystals are present,

but less frequently than at those localities. The prevalent type is usually

rounded but subangular, and many grains show a marked fracturing. The
average grain measures O'^- mm. in diameter.

Anatase. — This species is undoubtedly the distinctive feature of these

deposits, and in no other sediment knoAvn to me are the crystals so abundant,
so beautifully formed and preserved, and so conspicuous as they are here.

The common type is tab'ilar parallel to (001), either as individual crystals or

as composite groups of tabular forms in parallel growth. The colour is

invariably indigo-blue or greyish-blue ; refractive index extremely high ; bi-

refringence high, but tending to be masked by the natural colour ; interference-

figure (uniaxial negative) remarkably clear. These crystals average about
0*25 mm. in longest diameter. Occasionally fractured grains occur which are

almost opaque in white light, but easily studied and identified with convergent
light.

Andalusite.—On the whole, grains of this mineral assume much larger

dimensions here than in former instances. They are rarely well crystallized,

but tend to occur as rudely triangular fragments, fractured, with ' pitted
'

surfaces, and often crowded with inclusions. The blood-red pleochroism is

^ ' British Resources of Sands & Eocks used in Glass-making ' 2nd ed^

(1918) pp. 30, 31.

Q. J. G. S. No. 312. 2 c
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shown by many individuals, but several of the grains are bereft of this pro-

pertj^ particularly the clearer and more irregular types. The refractive index

and birefringence are normal, and a few grains exhibit biaxial negative inter-

ference-figures. The average diameter of the grains is 0'5 mm., and fre-

quently natural grading factors have produced local concentrates comiDOsed

'Of individuals almost without exception conforming to this dimension. In both
physical and optical characters, this andalusite differs in no fundamental
respects from that found in the more northern locahties.

The other minerals present call for no special remark, save possibly the

brookite, of which two grains were identified in the samples taken from
the base of the deposits. These grains exhibited characteristics similar to

those possessed by the same mineral noted in the St. Erth Beds.

YI. COMPAEISOX .\]S'D COEEELATIOX OF THE DEPOSITS.

Average mineralogical composition.

Species. ' St. Agnes. St. Erth. St. Keverne.
!

Magnetite 7
Ilmenite 5

Garnet —

1

7 7

\ ^
8 8
4 1

4 4— 1

1 1

7 7
9 4

Tourmaline 8
Staurolite 3

;

Epidote 4
Chlorite 2
Biotite 2
Leucoxene 7

Zircon 5

Kyanite 6

Anatase > 2
5 —15

Rutile 2
Brookite —

6 4
1 2

1 Topaz 5 4 5

Andalusite 7
Muscovite 5

Corundum ?

5 9
4 : 5

Cassiterite 1 4 4 '

Xenotime ? 1 ?
1 —

[Conventional signs as in the previous tables.]

I£ we compare the average mineralogical composition (heavy

residues) of the St. Agnes, St. Erth, and St. Keverne deposits,

taking also into accomit the crj^stallographical, phj'sical, and op>tical

properties of the component species, it soon becomes abundantly

clear that, although we are dealing with isolated outcrops, the

deposits all present marked petrographical affinities suggesting a

close genetical relationship. Eeviewing the results of the inves-

tigation from the purely mineralogical standpoint, and in order to

validate subsequent questions of correlation and source of origin of

material, we have to enquire into the cumulative evidence furnished

by the more important mineral species, especially with regard to

their frequency or infrequency of occurrence, their persistence in

each locality, and the constancy of their mineralogical properties

as an indication of consanguinity of origin.
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(i) Frequency of Occurrence (deduced from the average

mineralogical composition of each deposit).

Abundant. Magnetite, tourmaline, leucoxene, andalusite.

Common. Ilmenite, zircon, topaz, muscovite, kyanite.

Scarce. Epidote, rutile, cassiterite, staurolite, anatase.

Rare. Garnet, chlorite, biotite, brookite.

Doubtful. Corandum , xenotime

.

(ii) Persistence of Species: (Distribution Diagram).

Mineral. St Agnes. St. Erth. St. Keverne.
i

Magnetite
Ilmenite

Garnet
Tourmaline
Staurolite

Epidote
Chlorite

Biotite

Leucoxene
Zircon

i

1

'

'

i—=

1

Kyanite
Anatase
Rutile — —
Brookite

Topaz
Andalusite i

Muscovite
Corundum

?

Cassiterite

Xenotime ?
1

(iii) Constant Mineralogical Features noted throughout.

Magnetite.
Ilmenite.
Tourmaline.

Staurolite.

Epidote.

Z i r c o n.

Kyanite.

Anatase.
Rutile.

Rounded octahedra or grains. Not ragged.

Commonly irregular and ragged.

Prismatic and rounded grains both present. Deep-brown
basal sections with interference-figures very common.
Numerous and parti- coloured grains occur in all cases.

Well-worn grains with similar physical and optical pro-

perties noted throughout.

Always sharply angular, greenish-yellow in colour, many
grains exhibiting partial interference-figures. Weak
but characteristic pleochroism.

Extremely well-rounded prismatic forms characteristic in

all cases. A few of the ' stumi3y ' prismatic varieties

always present.

Precisely the same type present in both the St. Agnes and
the St. Erth deposits. The rounded, elongated prisms,

showing traces of a well-marked (010) cleavage, are

always present.

Commonly in indigo-blue tabular crystals, seldom abraded.
Well-rounded ' foxy '-red or reddish-brown, feebly-pleo-

chroic grains are the prevalent type, with a subordinate
amount of yellow translucent fragments.

2c2
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Topaz. Invariably clear, colourless and transparent, and in irre-

gular flakes.

Andalusite. Well individualized as regards optical properties, parti-

cularly that of pleochroism, which is intense in many
grains. Often well crystallized, although usually turbid

with alteration-products such as kaolin ; contrasting,

strongly with topaz in these respects.

The foregoing species have been selected on account of their

importance quantitatively, and on account of their value for-

purposes of correlation.

The marked similarit}' of the mineralogical composition of the

sediments and of the more precise physical and optical characters,

of the component species, can only be explained on the assumption

of derivation from a homogeneous ' distributive province,' using

the phrase to include both igneous and sedimentary facies.^ Quite

apart from general lithological resemblance and similar mode of

occurrence of the deposits, we find that (excepting two doubtful

minerals), in onl}'^ four cases are species non-persistent throughout,,

and of these all save one (kj^anite) are comparativeh^ unimportant.

Such uniformit}^ in composition is most significant, and is parti-

cularly striking in the present case. Again, the frequency of

occurrence of the important species, and the similarity of

crystallographical and optical properties, and of the nature and
degree of abrasion exhibited by these species, are factors which
we cannot overlook, and are strongly suggestive of the truth of

the hypothesis above postulated. It would seem not unreason-

able, then, to conclude that the deposits were the product of a

definite period of erosion, subsequent denudation, probably marine,,

determining the removal of much of the detritus which had accu-

mulated ; the survival of a few isolated remnants of the original

mass was by no means fortuitous, but due entirel}^ to favourable

conditions of deposition. On this basis, the initial assumption of

contemporaneity of the deposits under discussion becomes a distinct

probability, and receives support not only from the mineralogical

evidence cited above, but also from topographical criteria to be

discussed in the sequel.

YII. SorscE OF Oeigijst or the Deposits.

Any Avell-differentiated phase of detrital deposition must of

necessity give rise to sediments reflecting the nature and composi-

tion of the parent rocks of the comminuted material ; it follows,

therefore, that an enquiry into the normal petrological habitat of'

the several miineral species concerned should furnish us with,

valuable evidence as to the source of origin of the deposits, which,

when combined with the geological and phj^siographical knowledge

obtainable from the area to-daj', should serve as a foundation for

a geographical reconstruction of this part of Britain at the epoch

under consideration. The results of such an enquiry show that

'^ The term ' distributive province ' was suggested by Mr. A. Brammall, M.Sc».
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Avitli the exception of two or possibly three of the mineral species

characterizing- these dej^osits, all occur in rocks known to-dav in

the vicinity of tlie outcrops under consideration : in other words,

85 per cent, of the species are probably of local origin. With
regard to xenotime, tliis mineral has not been recorded from the

acid igneous rocks of Cornwall, so far as I. am aware ; but there is

no reason why it should not be present in some of the granite-

masses, even though sparsely distributed. Staurolite is essentially

an ' Armorican ' mineral, with a t3q:)e-locality in Britann}^ to-day:

its origin may be more pertinently discussed hereal'ter (p. 870).

The kyanite is probably in the nature of a reman ie mineral, and
its crystallographic features point to derivation from a pre-existing

sediment, such as the Lower Greensand ; the nearest outcrop of the

Lower Greensand, containing' kvanite similar to that of St. Asfnes
. ... ~

and St. Erth, is in the north-west of Wiltshire : the significance

of this fact will be ultimately apparent.

The cumulative evidence to be obtained from a stud}^ of these

minerals shows them to have belonged originall}^ to a distributive

province which included acid, basic, and ultrabasic rock-types,

with an associated suite of mel amorphic rocks : such a ])rovince

clearl}^ is only indicative of Cornwall itself Avhere all such rock-

facies are known to occur. Excluding, then, the staurolite and
kyanite, the origin of which is discussed hereafter, the mainly
local derivation of the deposits under investigation
would seem to be most decidedly indicated,

VIII. Pliocene Geouiiaphy of the South-West
OF EXGLAKD.

One of the most difficult problems facing the geologist in

Western Cornwall is the adequate explanation of certain out-

standing ph^^sical features, for which there is but little direct

geological evidence ; among such features that of the St. Erth
valley (see map, fig. 1, ]). 350) is probably the most striking, and
a close investigation of its nature and origin is a sine qua non in

,any intelligent discussion of Pliocene palseogeography.

The late Clement lieid, in a paper ' On the Probable Occurrence

of an Eocene Outlier off the Cornish Coast,' ^ drew attention to this

valley, and interpreted its origin in the light of his theory of the

existence of Eocene gravels on the floor of Mounts Ba3^ He in-

clined to the view that the St. Erth valley ^vas the site of an old

Eocene river flowing probably from north to south through this

valley, the river being responsible for the transportation and
accumulation of the material in the bay. Thence the inference is

that the initiation of this valley was the product of early Eocene
erosion, the material, composed of 86 per cent, of Chalk flint and
2 per cent, of Greensand chert, being derived from Cretaceous

rocks, presumably from the north-east. That the valley was not

originally formed in Pliocene times is apparent from careful

1 Q. J. G. S. vol. Ix (1904) p. 113,



368 ME. H. B. MIL^EE OX THE [vol. Ixxviii^

observation to-day; the luocle of occurrence and the elevation of the

St. Erth deposits at 170 feet above sea-level both tend to suggest

a greater antiquity, and hence a probable Eocene age. On this

assumption, the belief is justified that the whole of South-Western
Cornwall, if not the greater part of the South-West of England.

; stood then at a higher level than it does now, and the forces of

denudation probably continued to act unchecked throughout Oligo-

cene and early Miocene times, and possibly later. Such a belief

can only be based on analogy with contiguous areas to the east,

since in Cornwall itself we have really no direct evidence of the

I
trend of geological events between Upper Palaeozoic and Pliocene

times—an enormous gap in the stratigraphical record.

With the renewal of folding along the ancient Armorican lines

in Miocene times, the effects of which are so marked in the Isle

of Wight and the Isle of Purbeck, it is possible that considerable

changes were wi'ought in the surface-relief of Southern Cornwall,

although it is by no means certain that these tectonic influences

extended so far westwards ; if they did, it would be expected that

the tendency Avas towards the production of asymmetrical fold-

features with a gentler dip southwards, as is the case in these

localities, though of far less severity in the west where the move-
m.ents were decreasing in intensity. In Cornwall the effect of

such deformation would probably only be an accentuation of the

chief Palaeogene physical features, and such drainage-courses as

the St. Erth valley with its southerly gradient would receive an

increased impetus in the work of discharging material into the

English Channel. Even if the oris'inal earlv Tertiarv drainage of

the St. Erth valley were in the opposite direction : that is, from
south to north (Avhich is extremely unlikely fi'om all that we can

gather of its history), the result of Miocene earth-movement
would still tend to produce drainage into the English Channel in

South-Western Cornwall, and at the close of Miocene times the

St. Erth valley would in any case be well differentiated. What-
ever happened during this pre-Pliocene period, two factors stand

out very clearly from the late Miocene records: namely, the general

subsidence of the area in early Pliocene times and the concomitant

accentuation of the 'l:00-foot platform' as a result of marine erosion.^^

This Pliocene platform is one of the most characteristic physical

features of Cornwall, and it can be traced at heights varying from
370 to 420 feet above O.D., at intervals along both the southern

and the northern coasts of the county, extending from the coastal

margin well inland to the higher Paleozoic country Avhich consti-

tuted the ancient Pliocene land-area (shown in the accompanying
sketch-map, fig. 1, p. 350). It is difficult to estimate the precise

amount of this subsidence from the data at present available ; but,

taking into account the St. Erth deposits, the character of their

I
fauna, their lithology, and present topographical evidence, Clement

1 See Mem. Gaol. Siirv. Sheets 3.51. 358. 346, 359. and H. Dewev. Q. J. G. S.

vol. Ixxii (1916-17) p. 63.
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lieid's estimate of 340 feet is probably under rather than over the

actual amount, particularly when the St, Agnes and St. Keverne
deposits are also considered.^ The difference in topographic level

of the St. Erth deposits compared with those of the other localities

can only be due to the former having been laid down in a pre-

existing hollow which, as subsidence progressed, became ultimately

modified by the sculpturing of the ' 400-foot ' feature : this implies

deposition of the St. Erth material in deeper water than in the

case of the other deposits, a belief justified both on palseontological

and on petrographical grounds, and by comparison with the

markedly shallow-water character of the St. Agnes and especially

the St. Keverne facies. Thus the St. Erth valley, from its initiation

as an early Tertiary river-course, became transformed at the close

of Miocene times into a strait separating the Land's End area from
that of the main Cornish land-mass ; and it is noteworthy that,

even Avith the present configuration of the land, a subsidence of

only about 150 feet would be reqviired to re-establish such condi-

tions. With a subsidence of 364 feet, as above postulated, the

geography of Western Cornwall assumes widely different aspects,

the peninsula becoming in fact a series of large and small islands,

a miniature West Indies.

Under such conditions of submergence the present nature and
disposition of the Pliocene sediments is readily understood : at

St. Agnes, the Beacon, rising to a height of 628 feet, becomes

part of a large island, the northern and leeward shoreline of which
formed the upper limit of the submarine shelf upon which the

deposits were laid down. In the vicinity of St. Erth and Lelant,

much larger islands existed on the Avest and on the east, the former

comprising the Land's End granite and metamoi'phic area, the

latter comprising the petrographically similar uplands of Carn Brea,

Carn Menellis, and the Grodolphin Hills. At St. Keverne, the Carn-

Menellis mass is again the dominant background feature, and the

gently sloping Lizard platform on the south becomes the locus of

deposition of a mass of sand and gravel thence derived, a remnant
of which has surviA'^ed late Tertiary erosion and is preserved in the

form of the present outcrop on Crousa Common. Then, as regards

the Polcrebo deposits, in my opinion their occurrence at a height

of 480 feet above O.D. can only Avith extreme difficulty be recon-

ciled to this phase of geological history : if, in the absence of all

other evidence, they are to be regarded as having been formed
collaterally Avith the Pliocene deposits, hoAv can we explain their

present anomalous position above sea-level, and the absence of any
like feature, either lithological or topographical, elsewhere in the

county ? Their general character Avould seem to fit in far more
reasonably with Quaternary erosion than Avith any older period o£

denudation.

Hence, revicAving the chief features of these deposits of South-

western CoruAA^all in the light of the foregoing topographical data,.

1 ' The Pliocene Deposits of Britain ' Mem. Geol. Surv. 1890, p. 65.
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it is not difficult to understand the similarity of composition or

their constituent minerals, their predominantly local derivation,

the ph^^sical features of the grains (particularly quartz) as con-

noting the ahrasiye action of sea-Avater, and the indication of the

deeper- \vater character of the St. Erth facies when compared Avith

that of the other localities.

Lastly, the sources of origin of both the stanrolite and the

Ivyanite as ' foreign ' minerals, and their bearing on the wider

problem here discussed, haye to be considered. In the case of

the staurolite, the most probable source of derivation would seem
to be from the south, from a land-mass, though now submerged,

having geological and tectonic connexion with Britann}^ and the

North-AVest of France, where we know this mineral to occur in

quantity. The researches of Dr. H. H. Thomas^ have shoym that

the staurolite in the Bunter deposits of Devon and Somerset

probably had this origin, in view of the fact that the Armorican
massif is generallj^ considered to have extended much farther north-

westward at the close of Upper Palaeozoic times ; although it was
afterwards largely submerged, particularly in the late Cretaceous

Period, renewed folding and uplift in Miocene times, involving the

South of England and the North-West of France, determined

the reappearance of this Armorican continent in the area noAV

occupied by the English Channel, and the concomitant westward
recession of the sea. The effect of this uplift would be to promote
drainage both from Southern Eno-land and from the Armorican
continent into a broad central river flowing westAvards along the

basin of the English Channel, and probably emptying itself into

the sea at a point some miles south of the present Cornish coast.

The action of marine currents bordering the western shore-line of

this uplifted area Avould tend to the lateral distribution of the

detritus brought down, although with a strong inclination to a

northerly direction, owing to the probable south-westerly on-shore

wind prevailing from the open ocean, as is the case at the present

time. The comparative rarity of staurolite in the dejDOsits, how-
ever, suggests a gradual alteration in jDotency and direction of these

marine currents, such as Avould be occasioned by subsidence of

the land-areas and the advance of the sea eastwards up the

Channel once more ; such factors reflect the initial conditions

caused b}'' the early Pliocene submergence to which reference has

ah'eady been made.
In the case of kyanite, the evidence is much more obscure,

though derivation from the north-east is suggested on petrogra-

phical grounds. Attention has already been called to the marked
similarity" between the Pliocene kyanites and those commonly
occurring in the Lower Greensand ; in order to test this point

further, it became advisable to examine the non-magnetic residues

from the LoAver G]'eensand in the vicinity of Seend (Wiltshire),

.some 4 miles Avest of Devizes. Accordingly, such an investigatir n

1 Q. J. G. S. vol. Iviii (1902) p. 630.
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was made, and with entirely satisfactory results. In figs. 2-4
from drawings of species occurring in St.' Erth, St. A.gnes, and
North-Western Wiltshire, it will be seen that there is a marked
similarity in crystal form in all cases; this is supplemented by a

careful comparison of all the kyanite-grains in the Seend residue

with those in the Cornish deposits. On the whole, the Pliocene

grains are more worn and rounded than those of the Lower G-reen-

sand, as Ave should expect ; but the species from Seend show the

Fig. -Kyanitefrom Pliocene,

St. Erth (x?0).
Fig. 3.

—

Kyanitefrom I*lio-

cene, St. Agnes ( X 70).

Fig. 4.

—

Kyanitefrom Aptian, Seend, Wiltshire ( x 70).

same characteristic prisms terminated by (001) or basal parting,

further individualized by cleavage-traces parallel to (010) and
(001), as well as the short ' stumpy ' varieties met with in the
Pliocene deposits. This mineralogical similarity seems, at first, to

be but slender evidence on which to found a source of origin for

the kyanite occurring in the Cornish deposits ; but, when certain

other factors are taken into account, it soon becomes apparent that
this north-eastern region was indeed the most probable source of

supply.
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The evidence of the existence of an ancient Eocene drainage

from north to south has ah'eady been mentioned ; as a matter of

fact, the occiuTence of scattered Chalk flints is by no means un-
common in Cornwall, as, for example, at Newquay ^ and Padstow,^

Avhere in the latter localit}^ it is associated with Grreensand chert

as at Ludgvan,^ the area examined by Clement Reid. The
significance of this association of chert and flint is too strong

to be ignored ; clearh^ it suggests derivation from the east or •

north-east, v^here the typical developments of Cretaceous strata

are known to occur. If we bear in mind the j^i'obably greater

westward extent of such strata prioi' to early Tertiary erosion, it

would seem not imreasonable to conclude that this material was
carried south-westwards b}^ an ancient river- sj^stem draining approx-

imately along the line of the present Bristol Channel, receiving

affluents possibly from South Wales on its northern bank and from
Exmoor Forest and the northern part of Dartmoor on its southern

bank, and finally emptying itself into the English Channel by way
of the St. Erth valley. Such a drainage would be quite compatible

with the little knowledge that Ave possess of the physiography of

the South-West of England in the Palaeogene epoch, before the

renewal of folding in Miocene times. There is little evidence to

show that this folding entirel}^ obliterated any western drainage

previously existing ; on the contrarj^, such a trend Avas accentuated

rather than opposed, for a north-and-south Avatershed Avas probably

Avell established w^est of the CotsAA^old Hills in early Tertiary times,

differentiating a main east-and-Avest drainage, the former into the

Thames basin, the latter into the Bristol- Channel and Exmoor
region, although the precise location of this Avatershed is at present

obscure in so far as our information goes.^ Miocene folding

merely cut short the soutliAA^ard extension of that AA^atershed by the

superposition of an east-and-Avest line of flexures, noAv indicated by
such tectonic features as the Kingsclere, PcAvsey, and Mendip
uplifts. Consequently^, the ancestral drainage of rivers draining

westwards, far from being obliterated, AA^as resculptured to form
the basis of the present river-system in this region, and material

continued to be borne AA^estAvards until the Pliocene submergence

set in. With this submergence came the gradual advance of the

sea over the Miocene land-areas of the South-West of England,,

the droAvning of pre-existing loAvland topography, and the limita-

tion of the distributive poAver of the sediment-bearing rivers. If

the apportionment of the kyanite-grains in the Pliocene deposits

is any criterion of these fundamental physiographical changes, then

Ave can readily appreciate the absence of the species at St. Keverne,.

1 Mem. Geol. Surv. Sheet 346 (1906) p. 65.

2 Ihid. Sheets 335 & 336 (1910) p. 93.
'^ Ihid. Sheets 351 & 358 (1907) p. 68.
'^ Some light was thrown on this problem recently by Mr. W. D. Varney

at a meeting of the G-eologists' Association on May 6th, 1921, when a paper

on the ' Geological History of the Pewsey Vale ' was read (Proc. Geol. Assoc
vol. xxxii, p. 189).



part 4] PLIOCENE deposits op coenwaLl. S7S

its appearance at St. Erth, and its still commoner occurrence at

St. Agnes, St. Keverne being the southernmost and St.- Agnes
the northernmost locality. The probable trend of advance of the

Pliocene sea was from south-west to north-east, and obviously as

this sea deepened, a constantly diminishing amount of material

would find its way from the north-east to the submerged parts of

Cornwall, and the influence of the drainage would be progressively

curtailed. Again, the occurrence of staurolite at St. Agnes would
seem to suggest the influence of south-westerly marine currents at

least as far north as that locality, which further explains the

absence of kyanite in the extreme south.

Finally, the possibility of derivation of the kyanite from any
pre-existing Eocene deposits in South-Western Cornwall is nega-

tived by the entire absence of Chalk flints and Greensand cherts

from the Pliocene deposits, indicating the extensive erosion that-

the older deposits suffered in early and Middle Tertiary times.

IX. Summary and Conclusions.

The results of the investigation may now be summarized as

follows :

—

(1) The petrographical characters of the St. Agnes, St. Erth^

and St. Keverne deposits have been shown to be substantially the

same, and they suggest derivation from rocks belonging to a

homogeneous ' distributive province ' such as Avould be furnished

by the Palaeozoic rocks of Cornwall.

(2) The geological age of the St. Erth Beds has previously been

proved palseontologically to be early Pliocene. Although no fossil&

occur in the St. Agnes or St. Keverne deposits, and since the latter

are the products of contemporaneous erosion, by petrographical

correlation their Pliocene age is established.

(3) In the case of the alleged occurrences of Pliocene material

at Canons Town and Polcrebo, in neither instance is the evidence

sufficient to establish relationship with the other deposits, although
there is little doubt that, if an outcrop exists at the former locality,

it has a direct connexion Avith the St. Erth material on the

opposite side of the valle}^ The Polcrebo gravels are, in my
opinion, the product of much later erosion.

(4) The topographical evidence furnished by the ' 400-foot

'

plateau has been used, in conjunction with the petrographical

investigation of the deposits associated with it, as a means of

reconstructing the early Pliocene geography of Cornwall. The
occurrence and distribution of the two species, staurolite and
kjT^anite, have been shown to be of specific value in this connexion,,

the former as connoting the existence of the ancient Armorican
land-mass, the latter as indicating the direction of drainage from
the north-east, at the close of Miocene and the commencement of

Pliocene times.
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In conclusion, it is hoped that the methods employed and the

results obtained from this investigation will indicate a possible

solution in other cases where palseontological evidence is scanty or

wanting; used cautiously and oyer limited areas, such petrographic

methods shonld prove invaluable to the stratigrapher.

It remains for me to record my thanks to Prof. W. W. Watts,

By. H. H. Thomas, and Prof. P. G. H. Bos^vell for their kind help

durino- the course of this work. Mr. Gr. M. Part verA^ kindly

reproduced the kyanite-grains shown in figs. 2-4, and I am also

indebted to Mr. Gr. S. Sweeting for the assistance which he has

Tendered during the preparation of the manuscript.

DlSCTJSSIOK^.

Prof. P. Gr. H. Bosw^ELL welcomed the paper as a contribution

to our knowledge of the petrology of the Tertiary deposits of the

West of England. The Author's records of the characteristic

minerals were continued b}'' the speaker's own identifications. It

"was a noteworthy but unexplained fact that, while the Permian,

Trias, Lias, and Inferior Oolite of the West of England were

characterized by an abundance of garnet, that mineral was absent

from, or extremel}" rare in, the Cretaceous, Eocene, Oligocene,

and Pliocene of Devon and Cornwall, although it was a common
constituent of the Palaeozoic rocks of Devon, Cornwall, and
Britanny.

He encjuired wh}^ the Author desired to have the staurolite in

the St. Keverne sands derived from the old ' Armorican ' land on

the south-west, unaccompanied by its usual associate, kyanite

;

^vhile, in the case of the sands at St. Agnes and St. Erth, he

a-ssumed a Lower Greensand origin in the north-east for the same
two minerals. The absence of kyanite at St. Keverne seemed to be

inconclusive in the matter of the derivation of the material.

The paper was valuable for the additional light which it threw
"upon early Pliocene geography. The Author's conclusions, although

novel, were not necessarily inconsistent with our ideas of the

distribution of Pliocene land obtained from a study of the fauna

'of the St. Erth claj's and the Crags. That the migration of

southern species into the North-Sea basin over what is now the

English Channel and Kent was possible in early Pliocene times,

I)ut was prevented during the deposition of the Middle and Upper
Pliocene, presumably by the raising of a land or shallow^-water

harrier, is indicated by the molluscan faunas. Further, the totally

different character of the mineral assemblages of the Cornish and
East Anglian Pliocene (the latter having apparently been derived

from the south-east) supports the view. Moreover, the similarity

in certain mineralogical respects (notably in the rarity of garnets)

of the Lenham Beds and the Cornish Pliocene may prove to be

more than mere coincidence*
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Mr. Gr. M. Paet said that he had hoped that this paper might
suggest some reasonable source for the yevj similar assemblage of

minerals found in some of the (llacial drifts of Pembrokeshire,

which it could onlv be surmised were derived from some similar-

Tertiary deposit. As the Pembrokeshire drifts were derived from
a wester]}^ or north-westerlj direction, this would involve a northern

drainage, if Cornwall had provided any of the material for a deposit

from which the blood-red pleochroic andalusite had found its way-

into the gravels.

Dr. H. H. Thomas ao-reed with the Author that the kyanite

of these deposits was most probabl}^ derived from sediments of'

Cretaceous age. The absence of kyanite from the Western New
Ked rocks was strong evidence in support of the Author's view.

He thought that the grains of staurolite with frayed-out cleavages,

owed this distinctive character to their derivation from large

crystals : that was the conclusion to which he had come from a

study of the abundant and large grains found in the Western'

Trias. With regard to the great similarity between the mineral

assemblages of the Cornish Pliocene and the drift-sands of Pem-
brokeshire, he had many years ago suggested the latter' s partial

derivation from Tertiary deposits occupying, in Glacial times, a.

position in the bed of the Irish Sea.

Mr. Gr. Baeeow was greath^ interested in the Author's work, as-

it dealt with what are commonly known as Pliocene deposits, now
occurring at heights much above sea-level. The Geologists'

Association had taken a special interest in these high-level deposits,,

which occurred in patches extending from the south-east of Kent
at least as far as the neighbourhood of the Guildford gap in the-

Chalk. Apart from the Lenham Beds, fragments of undoubtedly-

marine shells have been found in the gravels of Headley Heath..

The mode of occurrence of these is important, as it suggests where
to look for further casts. The}^ occur only when the sand sur-

rounding the original shell-fragments has been firmly cemented
by iron-oxide, and nowhere else. The examination of the deposit

on the ground suggests that these gravels are beach-deposits, with'

broken shell-frao-ments once common in them. All these fraff-
. . .

^
ments have been dissolved ; but, where iron-oxide filtered in and
cemented the sand before solution took place, casts of some frag-

ments are preserved. It is in such cemented patches that we must
in future look for evidence of the as^e and nature of these beds ;

this knowledge not only shows where to look, but where it is use-

less to look, and this so far covers more than 90 per cent, of the

whole.

Mr. T. Ceook said that it was particularly pleasing to note the-

emphasis laid on sampling. Failure to record a mineral in such
deposits did not necessarily mean that the mineral was absent

;

but, with careful sampling, such as the Author appeared to have
carried out, much better results were likely to be obtained than^

w^hen records were made on specimens eollected haphazard. It,
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.seemed to the speaker that it would be very useful if the Author
would include in his paper an account of the method of sampling
adopted, so that other workers might be able to obtain results

that were fairly comparative.

With regard to the mineral composition of the sediments

described, it was perhaps worth while to enquire whether the rela-

tive amounts of such minerals as garnet, staurolite, and kyanite,

which were all metamorphic minerals in the ordinary sense, and
might have emanated from the same ultimate source, were in any
way connected with differences in chemical stability. Such
differences had a good chance of asserting themselves where the

proximate derivation was from other sediments, and where con-

sequently the minerals had suffered repeatedh^ from the action of

processes incidental to detrital sedimentation, possibly under a

wide range of climatic variation.

Dr. J. W. Evans thought it improbable that the relative level

-of land and sea changed to the same extent throughout the area

concerned. He did not believe that material could have been
transported from the north-east by coastal wave-action. On the

northern coast of Devon and Cornwall it was the north-westerly

winds that produced the most important transporting action, and
the movement was from south-west to north-east, not vice versa.

If the kyanite had travelled from the Lower Grreensand of the

neighbourhood of Devizes, it must have been by means of river-

action, when the Bristol Channel was a tract of alluvium and
Devon and Cornwall were at a relatively low level.

Mr. II. B. Newton declined on palseontological grounds to

accept a Pliocene age for the St. Erth deposits. His own studies

(see Journ. Conch, vol. xv, 1916) of the shells from those beds

were all in favour of their Upper Miocene horizon, and as exactly

the same facies was apparent among the Lenham mollusca, he was
of opinion that the St. Erth and Lenham Beds were of contempo-

raneous origin. He mentioned the occurrence of similar species

of shells in the Grourbesville deposits of Normandy which had
been described by M. Gustave Dollfus (Bull. Soc. Geol. Normandie,

1880, and C. R. Assoc. Eran9. Av. Sci., Cherbourg, 1906,

pp. 358-70), and referred to the Redonian stage of the Miocene,

which is considered the equivalent of the Upper Vindobonian

horizon of Europe. The speaker was also of opinion that the

palseontological evidence proved that the St. Erth as well as the

Lenham deposits represented fragmentary remnants of the Conti-

nental Miocene development, which extended from Holland, Den-
mark, Northern Germany, and Northern France.

The Author, in reply to Prof. Boswell, said that it appeared to

him unlikely that the staurolite could have come from the north-

east, in view of the absence of kyanite from St. Keverne ; if both

the minerals had been derived from the north-east, kyanite should

have penetrated at least as far as the staurolite, and it should

appear with the latter at St. Keverne, which is actually not the
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case. In reply to Mr. Part, the Author said that he had noticed

the resemblance of the andalusite from the Grlacial gravels of

Pembrokeshire to the Pliocene species, but there was little doubt
in his mind that the source of the Pembrokeshire deposits was from
the west, possibly from an area now covered by the Irish Sea.

In answer to Mr. Crook, the Author discussed the methods of

sampling in the field at equal intervals along the strike of the

deposits, and at each change of the lithological facies in vertical

sections. The Author agreed with Dr. Evans that probably

Cornwall stood at a higher level in early Tertiar}^ times than it does

at present ; he specially drew attention, however, to the distinction

necessary between the Tertiary deposits now occurring on either

side of Dartmoor. In reply to Mr, Newton's criticism of the use

of the word ' Pliocene ' in connexion with these deposits, the
Author said that this was essentially a palseontological aspect of

the subject, and one which he did not feel competent to discuss
;

he had alwaj-^s been content to accept as a basis the admirable
work of the late Mr. Clement Eeid on the Pliocene Deposits of
Britain.
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I. IXTRODUCTIOX.

This paper is to a certain extent a supplement to the communi--
cation on ' Certain Jurassic Strata of South Dorset ' published by
tlie G-eolosfical Society in 1910, in so far as it contains a study of

another exposure of the Junction-Bed (Domerian, Whitbian,

Yeovilian) ^ discoyered farther east along the coast; but it also-

^ I, 5, pp. 61, 64, 82. These numerals in the footnotes throughout refer to •

the Bibliography, § YII, pp. 435-36,
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gives a sketch of other Jurassic strata, the sequence o£ which
should be of some importance in connexion with the chronology of

the Oolite rocks.

About three-quarters of a mile east of Thorncombe Beacon ^

is Eypesmouth, a break in the cliffs where the little stream, the

Ejpe (pronounced ' Eep,' to rhyme with sheep) runs into the sea.

East of Eypesmouth is a lofty cliff of about a mile extending to

West Bay—the harbour of Bridport.

The cliff is interesting geologically for three considerable faults :

one, seen best about a quarter of a mile east of Eypesmouth is

a fault of about 500 feet, bringing down Forest-Marble Beds to

about the level of Yeovilian strata {Diomortieria hemera) ; another,

about the same distance west of West Bay, brings down beds of

Fullei's'' Earth almost vertically—it is a fault of about 120 feet

;

the third, immediately west of West Bay, shows Yeovilian strata

of Dumortieria hemera or later—they are later than those on the

west oi the cliff—lying level with lower beds of Fuller's Earth :

a drop as regards the latter of about 150 feet. So the middle

and main portion of the cliff is let down by these faults. (See

diagram 1, sketch-elevation of Watton Cliff, p. 383.)

The cliff faces about south-west by south and the faults run

approximately west and east. The effect of the westerly fault is

that destruction of the cliff has been hastened—there is a con-

siderable recess from Eypesmouth to where the fault is now most
visible, the cliff having been cleared back roughly along the line

of fault, except for some more or less tumbled strata at its foot.

The line of fault can be traced from what may be called ' the fault-

corner ' more or less towards Eypesmouth, where it disappears

beneath the sand and shingle of the shore. This fault is shown on

the 1-inch Greological Survey map. Sheet XYII, extending inland

some 8 miles to the foot of the Chalk Downs—the Dorset

Heights—near Long Bredy. It and the other faults run approxi-

mately parallel to, and are no doubt part of, the system of the

Weymouth Anticline. A ground-plan of the cliff and the faults

is appended (diagram 2, p. 384).

In the autumn of 1916 a large block lying on the platform of

the fault-corner attracted my attention.''^ A portion that had
been broken off exposed a weathered surface with Thecidellcdy

and in some marl connected with them were unfamiliar ammonites
in a fragmentary condition— Hildoeeratids presenting almost the

appearance of those which characterize the f/^sc^Yes-beds of the

Inferior Oolite. Further search showed specimens of Tetra-

rhynchla tliomcombiensis, nom. nov.,^ evidently derived.

Here was a case for investigation. The rock from which this

block had fallen was subsequently located high up in the cliff-face,

with also other tumbled blocks lying on a higher platform. Work

1 I, 5, p. 59.

- This block has disappeared, buried perhaps by a slide of clay.
•^ See later, Paleeontological Note, p. 435.

Q. J. G-. S. No. 312. 2 d
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on these blocks showed that they were in the position of the

Junction-Bed of Down Cliffs to Thorncombe Beacon, described

in niT former paper,^ but that this exposure of the bed differed

remarkably from what is found onh^ about three-quarters of a mile

away to the west. The Eype type consists mainly of strata with

Grammoceras striatuJum (G^. sfriatidum sensu \2i\.o -\- tliouar-

sense and other species)—a thin layer with these fossils was
seldom present at the top of the Down Cliffs Junction-Bed ; and
here, at Eype, it is mainly a fine white lithographic stone,

weathered faces of which show it to have been laid down as a

fine Avhite mud in paper-like layers : it is a very finely laminated

bed. As I had, in my former paper, described at Burton Brad-
stock another white lithographic -stone bed, also associated with a

fault and connected with Bridport Sands, the various interesting

questions which arose ^vill be readily understood.

Further work was done on this bed and the neighbouring strata

dm-ing short holidays in the autumns of 1917, 1919, and 1920. A
preliminary account of these investigations will, it is hoped, be

equally interesting to the Society.

This paper was commenced on my return in 1917, but it was
mainly written in the winters of 1918-19, 1919-20. During my
visit to Eypesmouth in 1920, inspection of the bed showed that

another investigator had taken details of it; a few days after-

wards there came to Eypesmouth a letter from Mr. J. F. Jackson,

enclosino" a section. He kindlv asrreed to mv su^orestion that the

account of his quite independent discovery and of his researches

in the Junction-Bed of the western area should form an Appendix
to this paper.2 Therefore, I have divided this communication
into two parts : the present paj)er, mainly concerned with these

accounts of the Junction-Bed; and a proposed later paper, to give

a fuller study of the main mass of Eype (Watton) Cliff—Fuller's

Earth to Cornbrash—or the upper portion of the Lower Oolites.

IT. Steatal and Fauxal Details.

(A) Watton Cliff : the main mass.^

The following is a section of the beds exposed in Watton Cliff

down to the ' margaritatus bed,' showing the sequence, with

1 L 5, pp. 61, 64, 82.

- Mr. Jackson's account in his Section YIII does not seem to bear out my
statement made above about Grammoceras ; but then he might not feel su^ffi-

cient confidence to identify Grammoceras by peripheries and cross-sections

showing- in a rock-mass. His Section TX would appear to deal with a block
which I have not seen.

"^ The local name for the hill of which the cliff is the face is ' Fourfoot Hill

'

and for the cliff itseK ' Clay Knapp.' E. C. H. Day has the name ' Fourfoot
Hill ' (III, p. 286). It may be sugg-ested that the name is really • Forefoot
Hill,' from the tumbled platform at the base of part of the cliff, though this is

to trespass dangerously near the usual error of folk-etymology. It seems
advisable to distinguish it as Watton Cliff, from the name of the farm
which lies behind it.
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the position of the Junction-Bed. A consideration of the post

Inferior-Oolite strata will be reserved for a later communication.

Section I

—

Watton Cliff, between Eypesmouth and West Bay
(Bbidpoet), Dorset.^

Beds 1-4 in Thickness.

the middle part Sequence of Strata. (approximate)
of the Cliff. in feet

1. Forest Marble : massive shelly blocks with clay-

partings 30

2. Upper Grey Marls 30

3. a. MiCROMORPH OsTREA Bed : a mass of smalF
oysters rarely 5 mm. long. Pedicle-valve of

Dictyothyris ; fragments of Acanthothiris (A.

hradfordiensis Walker ?).

b. The ^ BO UETi' or ^ Riiyxchonella Bed': about
16 inches thick, mainly brown, crumbly, but
white and compact for about 2 to 3 inches

J-

from the bottom. Full of specimens of Gonio-

rhynchia,'^ often crushed ; also occasional ex-

amples of Ornithella sp., crushed. Rarely
Terebratula langtonensis Walker.
Lower Grey Marl.
White Marl. J

c.

d.

4. Large Conchoidal Bed : clays which break into

large pieces. Measured up the cliff from 5

to 3 cZ

5. OSTREA-ACUillXATA ClAYS
G. Brachiopod-Beds '^

-. stone bands 6 to 12 inches

thick separated by clays 18 to 30 inches thick.

The contents of the stone-bands vary, and their

sequence is somewhat supposititious

a. Orxithella Bed.
6. Large s3Iithii Bed : Rhynchonelloidea aff.

S7nithii, rather large examples without other

brachiopods.

c. AcAyTHOTiiiRis 'B:ei> : A. poiverstockensis, Rhyn-
chonelloidea smithii, and a large ammonite
{ParMnsonites ?).'*

d. The globata Bed or Terebratula Bed : Stiph-

rothyris ^^'p,-^ Terebratula ci.tuinida Davidson
(T. globata auctt. non Sow.)+ r. cf. nunney'
ensis S. Buckman. Rhynchonelloidea cf . smithii.

e. Shelly Bed : small forms of Rhy^ichonelloidea

cf . smithii.

125

20

25

^ See diagram 1, p. 383.
^ For these and other brachiopod names see Bibliography, I, 6.

•^ Details of the Brachiopod-Beds were mostly obtained from blocks
scattered on the beach during 1916. In 1917 and 1919 these blocks were
nearly all buried; towards the end of my visit in 1920 a high tide removed
shingle, disclosing the upturned edges of some stone-bands along the line of

fault immediately east of Eypesmouth. These gave some help in the inter-

pretation of the succession ; but, owing to faulting and dislocation, they are
not too reliable. A detailed section will be given in a later communication.

"• Now in the Museum of the Geological Survey, Jermyn Street, London.

2d2
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Thiclcness

Sequence of Strata. (approximate)
in feet.

6*. OsTREA-KXORRi Clays : possibly Bed 6 e is a layer

in these 5

The foUomng- beds (7-9) are to be seen in the

eastern part of the cliff beyond the second
fault :

—

7. Umber Bed : umber-coloured clays with a nodular
band 20

8. Small Conchoidal Bed : clays with conchoidal

fracture, breaking into small lumps 40

9. Ochre Band : a yellowish marly band about
1 foot thick, seen near the top of the cliff,

eastern end, resting on

Laminated Clays : with light bands of somewhat
calcareoiis rock. Occasional lumps of pyrites . 50

Of the following beds, details for 10 and 11 are

furnished by Burton Bradstock. There are

Inferior Oolite rocks, the Black E-ocks, just out
to sea west of the third fault (see later, p. 430).

Then part of No. 12 is seen immediately east of

the third fault, and the basal part of No. 13 is

found with succeeding beds in the cliff west of

the first fault

:

10. Belemnite-Clays 15

. 1 . ^11. Limestone-mass of the Inferior Oolite 16
Aalenian J

Yeovilian 12. Bridport Sands 130

13. Down-Cliff Clay 70

14. Junction-Bed : fine creamy-white lithographic

stone in paper-like laminae {Grainmoceras of

Whitbian striatiihim-tJiouarsense types) and yellowish

conglomerate, somewhat sandy, with derived

Tetrarliynchia thorncomhiensis. For detailed

section, see later, p. 387 5

Domerian 15. Thorncombe Sands ^: yellow sands with doggers 35
16. Blueclay2 2

17. Margaritatus Bed: a prominent and easily re-

cognized datum-line 1

18. Down-Cliff Sands.^

Approximate total 624

The accompanying diagram (1) embodies a general sketch of

Watton cuff.

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

(I, 5, p. 66) copied from Day, and the thickness omitted. The / should be
just above g there, and the thickness (6| feet) should be put opposite ; see

*E. C. H. Day, III, p. 285.
^ From their occurrence at Down Cliffs ; see Day, as above.
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The general features of the strata of this cliff will be discussed

in a later paper. Now the Junction-Bed claims attention.

Diagrams.

—

Watton Cliff.near Bridport (Dorset), view of
Junction-Bed (Watton Bed) in face, looking northwards.

1.

2.

4.

Bluish sandy clay, with hard beds
at intervals. Basal Bridport
Sands or Down - Cliff Clay
equivalent.

Junction-Bed.
block.

Hard compact

Yellow sands of Middle Lias,

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

taining belemnites (slickensided),

ammonites (Dumortieria, and
some Whitbian species). Some
20 feet of fault-face visible.

Blue Clay. Under about a foot

of clay is Day's margaritatus-

bed— a bluish marly stone :

fallen blocks may be seen under
the cliff on the left.

Diagram 4.

Difference

in colour

between

Beds 1 & 3

very noticeable

in the cliff-

face.

Watton Cliff,

near Bridport : view of

fault, looking- westwards Bluish sandy

clay, with hard

layers at intervals

(Basal Bridport Sands

or Down CUf( Clay

equivalent)

Junction-Bed,

about S feet

Yellow Sands

of the

Middle Lias

Foundered Block

of Junction-Bed
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Diagrams 8, 4, & 5 are sketches to show the general position of

the Junction-Bed. Of the face view it may be remarked that on the

left, as the Junction-Bed runs out to the grassy slope of the cliff,

it diminishes in thickness and seems to peter out at the surface :

this is possibly due to solution by humic acid and the removal of

the clayey capping, and it accounts for the bed not making any
feature in the slope of the cliff. However, the bed was detected

in the ploughed field immediately north of the fault-corner, a

little way down the hill.

(B) The Junction-Bed of Watton Cliff, or, as it may more
conveniently be called, the Watton Bed, is now described in

detailed section, the result of my investigation. For the results of

Mr. J. F. Jackson's examination Appendix I, p. 445, should be

consulted.

Section II

—

Watton Cliff, near Bridport (Dorset). The Junction-
Bed, generalized section with details from various fallen blocks.

Thickness in feet inches.

Xayer 1. Irony scale. ^ Du'inoi'tieriae (I). &&. regularis S. Buck-
man, but more distant ribs, D. cf. falcojila Quen-
stedt sp.) and belemnites (of tripaiiitus style) 1

2. White lithographic stone, weathered at the edge to

look like paper-shales. Peripheries of ammonites
of the Grammoceras-striatulum type, but scarce.

A Dactyloid (No. 3002) cf. Ammonites crassus Du-
mortier, non Young & Bird, ' Bassin du Rhone '

vol. iv (1874) pi. xxvii, figs. 5-7, non cset. Similar

forms occur in the variabilis beds of the Cottes-

wolds 6

3. Yellow conglomerate, whiter towards the base. Bro-

ken fragments of Gram.'inoceras-striatiilnm type,

belemnites, Tetrarhynchia tliorncomhiensis. About
2 inches from the base Dumo7'tieria sp.^, and about
at the base Hildoceras of hifrons type 7

4. White lithographic stone like No. 2, with a conspicuous
line of Gramm,oceras of striatulum, type in section,

showing peripheries and partly weathered—mostly
in the topmost 2 inches. Section of a small Nait-

tilus in the rock—an unusual form with a large

umbilicus, a cordate whorl- section, the periphery
somewhat sharpened. Ham.m.atoceras of insigne

type : gastropods 4

5. Similar to No. 4, sharply irregular at the base. At
one place the bed is 9 inches thick, at another
14 inches. Many specimens of Gram,m.oceras

thouarsense-striatulum type, about 4 inches from
the top, in a somewhat muddy yellowish seam

^ In one case, irony scale presumably lacking, fine yellow sands rest on
layer 2. They contain small belemnites like B. quadricanaliculatus (Quen-
stedt), which are also cemented to the top of layer 2.

^ A micromorph with rounded whorls, undeveloped as to keel, ribs coarse

;

like the inner whorls of Dumortieria novata S. Buckman, but the ribs rather
more approximate.
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Thichness in feet inches.

resting on lithographic stone—some of them are
in the lithographic stone. These ammonites are
mostly lying horizontal, bnt not in all cases.

^

At the same horizon as these ammonites a re-

rersed gastropod. Cirrus sp. cf. ' Turho hertlwJeti ?

D'Orbig-ny ' ]\Ioore.- Xantilus with squared Avhorls. 9" to 1'
2"

Layer 6. Yello-n-ish-brown shelly, more or less conglomeratic
bed of variable thickness, running up into the bed
above. '^ The variation in thickness seems to be
due to a bodily transported block of the Tefra-

rJiynchia-tliorncomhiensis Bed deposited in this

layer ; specimens of this species broken and whole
;

belemnites. This bed rests upon yellowish shales

containing peculiar micromorph Hildoceratid am-
monites (see p. 408) 1' l"to 8"

7. Partly conglomerate, that is. broken up T. thorncom-
biensis Bed redeposited, and partly lithogTaphic

stone. Small Dactyloid ammonites ; at the top
Rlujnchonella cf. moorei Davidson—a flatfish form,

subcircular. with coarse ribs, rectimarginate. This
is the horizon yielding T. tlioriicomhiensis in a

fallen block on the lowest platform imder the cliff,

and r/(ecjc?eZZ« on the weathered top-face 8

8. Lithographic stone 3

9. More or less conglomeratic with a pink tinge, some
yellow sand-rock 5

10. Lithographic stone 6

Total 5 5

Eemarks on tlie above section.—Fallen blocks gave a

tHckness of about 5 feet 6 inches., and a block measured i)i situ in

the cliff-face gave a similar thickness. Attached to the upper
surface of some blocks there is a certain portion of sandy deposit

^vhicli really belongs to the sandy marls above (see diagram 3).

The irony scale which forms the top of the Junction-Bed is

very noticeable in the fault-face, where this is formed by a partly

fomidered block (see diagram 5, p. 386). In this scale were found
fragments of Diimortieria, and there are slickensided belemnites.

From this scale on a block in the cliff I obtained a broken and
Avorn fragment of SLarpoceras of muJgravium type, and another

example came from this top irony scale of a fallen block.

Blocks of the Junction-Bed on the beach o-ave the foUowino- in-

formation. Towards the base of blocks, especially where polished

by wave-action, the stone has a pink tinge very suggestive of the

pink stone (hifrons) of the Western Cliffs.^ Some matrix sug-

gestive of spinaiiim marlstone was seen, but no fossils. A large

Sarpoceras of muJgravium type was obtained from the base of a

block— the specimen was in fair condition, but was not lying

^ From ' about middle of "Watton Bed,' which would be this layer 5, two
examples of Stolmorhynchia hothenhamptonensis (Walker) with a yellowish-

white matrix.
-' VII, p. 210 & pL vi, figs. 7-8.
^ From a loose block examples of SfolmorhyncJiia hov.chardi Davidson, with

a yellow matrix (presumably this bed), were obtained. "^ I, 5, p. 64.
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horizontall}'. A striate Nautilus of fair size was obtained from
just below the [lower?] sfriatulum layer and a little ZeiUeria

(the so-called ' Widdheimia lycetti'') was obtained from this

striatulum layer.

A comparison of this detailed section of the Watton Bed with

that of the Junction-Bed in the cliffs west of Eypesmoutli
(Thorncombe Beacon, Doghus and Down Cliffs), as recorded in

my previous paper,i will show how unlike the former is to the

latter.

Thus the former is as much as 5| feet thick, whereas the latter

is about 2 feet, although it may amount to somewhat more
occasionallj". The former is mainly made up of a lithographic

stone with Grammoceras-striatulum types, derived examples of

Tetrarhyncliia thonicomhiensis, and derived lumps of this

Rhynclionella Bed. The latter shows sometimes about 2 inches

of the striatulum layer, while the T.-tliorncomhiensis Bed is,

according to my measurements, some 8 feet below the Junction

-

Bed at Thorncombe Beacon : according to m}^ interpretation of

Day's measurements at Down Cliffs," it is more than 18 feet

below, about which something will be said later.

Further, the Watton Bed shows no sign of Marlstone,'^ which is,

when present, a richl};^ fossiliferous horizon in the Western Cliffs
;

nor did I find any strata with the hifrons type of ammonite—

•

only examples redeposited along with striatulum forms.

In the Watton Bed there are certain peculiar Whitbian ammo-
nites—unfortunately in fragmentary condition, mainly only body-
chambers. Nothing of such forms has been noted for the Junc-
tion-Bed of the Western CJiffs ; but, of course, all the ammonite
fauna of that deposit has not been fully examined, for removal
of this matrix is very tedious. In the Watton Bed, however,

there were enough specimens to attract attention at once, and
3'"et I imagine that they are unusual for Whitbian deposits of the

South of England. About that it is inadvisable to speak too

positively as yet—first, because these ammonites require study;

and secondly, because the Whitbian ammonite fauna of the South
of England has been very imperfectly illustrated. These ammo-
nites have something of the appearance of certain small species

from the Jet-Bock of Yorkshire—at any rate, they suggest an
early date in Whitbian, about exaratiim, or even before tliat.^

The Thecidellce, which are just below them, call to mind the

micro-brachiopod horizon below the Fish- and Insect-Beds of the

South-West of England.
These matters will require further study later, see p. 400.

]
I, 5, p. 64. 2 ni, p. 285.

•^ I, 5, p. 65. Later observations of a fallen block suggested some Marl-
stone matrix used up, but no fossils were found. Naturally, blocks may-
vary considerably in their constituents.

* Curiously enough, Mr. J. F. Jackson has found similar ammonites at a
higher horizon in the Watton Bed ; they are in a much better state of pre-
servation, and have a white matrix.
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III. The Datixg or the JuxcTioy-BED or Wattox Clief.

(A) L [)per Lias Succession in other Areas.

In order to understand the evidence of tlie Junction-Bed of

Watton Cliff, it is necessary to investigate the stratal and faunal

sequences of other areas. And. as this Junction-Bed contains

fauna belonging to dates which i-ange from ^Ye-s^^inatum to

Dumortieria—in other Avords, contains fauna of Domerian, T^liit-

bian, and Yeovilian ages—it is necessary to make a somewhat
extended investigation (1) as to the secj^uence of the Upper Lias

(AMiitbian, Yeovilian) : (2) as to the Middle Lias of about
sjpinafum (Domerian) date in the Junction-Bed elsewhere : and

(3) as to the Domerian -^ve-spinafum beds whicli are found in

Thorncombe Beacon. Fii'st and most important, then, is the

Upper Lias C/Whitbian) succession, so far as the lower part of

it is concerned. This is given in the following summaries.

I. SirccESSiox IX XoEiiAXDT (according' to E. Eudes-Deslongcliamps).^

\hifroiiS- Marnes moveimes. Ammonites hifrons [^Hildoceras spp.~ et

falciferum. serpentinus [_=Harpoceras falcifemm et aff.j.

murleyi ? Argile a poissons.

Leptsena. Conches a Leptasna : L. moorei. L. liasiiia. TerehratuJa glohu-

glohuliiKi.^ Una. Rhynchonella pygmxa.

n. Si:ccEssio"S' IX THE Eaelt Pap.t of the Upper Lias of
iLiriNSTER (^according to Charles liloore, 1867).^

'boiicliardi- (6) ' Zone oi RliynciioneUa houcliardii.'

rmirleyi.j (5) ' The Saurian and Eish Zone.'

f{4)
' Zone oi Leptxna '_Psev.dokingena_ granulosa, Spinfera
ilminsterensis, and Zellania liassica.'

(3) 'Zone of -4Za/*i« imispinosa.'

-r , : ' Zone of Thecidium rusticum.'

-f^^ .
i (2) 'Zone of Leptsena houchardii, L. moorei''^ ' Terehratvla

(the first abundant, the second rare). I gJo})uUna.

(1) 'Zone of Le^jtaena bou.chardii, L. moorei' C RhynchoneUn
(and several other Leptsense). p. 170. J pygmsea.'

The
ptse

Beds

For the time when it was written this is a remarkably detailed

record, to our present advantage, and we may be grateful to

YEoore for it. But it is interestinsf to note that, althousrh he

gives so much detail with regard to these lower beds, he groups

the sixteen beds above his Saurian zone under the one term ' The
Upper Cephalopoda Beds,' making only one zone of the basal

2 inches, and leaving the rest unseparated. Yet now we have

those beds separated out into some eight or nine zones. There is

reason to suppose that the zone of BliynclioneUa houcTiardi was
rightly separated fi-om these by Moore, and, at any rate for record-

ing purposes, it should be kept distinct. Moore shows that it is

post-Saurian Bed—that is -^o^X- murleyi, if the Alderton Fish-Beds

^ V. pp. 60 et seqq.

- Vn, pp. 132. 170 et seqq.
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are on the same horizon as his Saurian Bed, which seems likel}^

but is not yet definitely proved. From Moore's evidence it may
be judged that the Rhynclionella-houcharcU Zone is ^ve-falci-

feritm ; but how much earher? Was it ])YQ-exaratum'^ Its

absence from Yorkshire and the failure of exaratum-Vike ammo-
nites from the South-West of England, where JRJu/nclioneIJa

houcliarcU is not unusual, seem to indicate that it is not actually

of exaratum date.

III. Succession in the Upper Lias of Stroud, Gloucestershire
(according to E. Witchell).^

\bifrons- [^Ammonites] hifrons, A. serpentinus {^Harpoceras falciferuin

falcifentm. et aff.], A. communis [Dactylioceras spp.]. Fish-remains
rare.

glohulina.'] Terehratula glohulina and Rhynchonella pygmaea in consider-

able numbers.

IV. Succession in the Upper Lias of Churchdown, Gloucestershire
(according to F. Smithe, cited by E. Witchell).^

'Crustacean' [Bed].

[mwieyi. ' Fish-Bed.'

'Alga-Bed.'

Leptsena. ' Leptsena Bed.'

glohulina.'] ' Terehratula glohvlina ' [Bed].

V. Succession in the Upper Lias at Alderton (Dumbleton), sum-
marized from various authorities'^ and from personal observations.

\^hifrons- 3. Shales with Hildoceras, Harpoceras, Dactylioceras,

falciferum. 44 feet.

innrleyi. 2. Saurian, Fish- and Insect-Bed: Light-ochre Fissile Bed;
Ammonites murleyi,'^ 1 foot.

glohulina.] 1. Paper-shales, ^Leptsena Shales,' Terehratula glohulina,

Rhynchonella pygmasa, 15 feet.

This is the northernmost point, I think, at which the small

Terehratula and Hhynclionella have been observed ; but their

range is wide, as it extends into Normandy. Therefore they are

good for dating. It is doubtful whether Lepfceiia has been found
at Alderton (Dumbleton). IMoore mentioned the Leptcena Clays

as 15 feet thick there ; but he may have recognized them only by
the presence of the Terehratula and JRliynclionella. H. B. Wood-
ward's citation of Leptcena from these clays may have no other

basis than Moore's remark. I have collected the Terehratula

and HJiynclionella, but have seen no other brachiopods tliere, and
Mr. Linsdall Kichardson mentions the two former, though he does

not cite LeptcBua.^ Witchell's evidence from Stroud is to the

same effect.

' XIII, p. 25. 2 XIII, p. 26.
•* VII, p. 149 ; IX, p. 56 ; X, 1, p. 36 ; XIV, p. 267.
' The following species of ' Ammonites murleyi ' have now been published.

Murleyiceras m^uieyi (I, 8, ccxvi), M. forte (ccxlv), M. aptum (cccxvi).
'> IX, 1, p. 57.
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The point is that, if the various species of LepfcBiia are absent

from the thick deposit of Alderton, which contains the minute
Terehratida and Hhi/nclioneUa. it may be because the Lepfcdua-

Beds are not really synchronous with the glohuUna beds, although
in places (Ilminster and Xormandy) the two may be mixed owing
to paucity of sedimentation. Smithe's record at Churchdown
supphes some evidence in this connexion, giving the globidina-

bed below Leptcsna. The data are insufficient, and further

research is required. But they show that, in the case of Church-
doAvn, records from the LeptcBna Bed and from t\\Q glohuliaa bed
should be kept separate, and that while the strata of Alderton

(Dumbleton) and Stroud are known to be of glohulina date, they
are not known to be of Leptciena date. The same may be the case

with other localities whence Leptcena Clays have been cited.

The next piece of evidence for the separation of the LeptcBiia

and qlohiiUiia beds would be to find the former without the latter.

Moore's records of his finds at Whatley come in here : he obtained

three species of Leptcdua, but makes no m^ention of Terehratula

fflohulina nor of RliynclioneUa pycfmcea)- He gives a similar

result for Sandford [Orcas, Somerset].

Therefore the faunal analysis works out as follows :

—

XoEMAyDY. SoilEESET. GlOTJCESTEESHIRE.
,

K
^ ^ .-^

Caen. Ilminster. Sandford Wbatle}'. Stroud. Church- Alderton.
Orcas. down.

Leptcena X X X X ... X ?

T. glohulina ... X X ... ... XXX
These records o-ive at least sufficient reason for a theory of two

deposits at two different dates. At any rate, it is necessary to

keep them distinct for recording purposes, and not to credit a

locality with the possession of the LeptcBna Beds ~ merely on the

evidence of the Terehratula and Ulii/nchonella.

Similar mistakes to this we have all made in the past—a relic of

the old teachino;, which consistently obstructed all increase in the

number of names—of zones, of genera, or of species. That was a

wrong doctrine ; because it will now give much more trouble

than the other course, and impairs the value of many old records.

It is to be hoped that what may be called the ' analytical method

'

Avill be pursued in the future, even if it does involve the use of

many names.

A consideration of these Upper Lias records suggests the fol-

lowing succession ; but it is incomplete. There are gaps (non-

1 ni, p. 157.
2 The Leptsena Beds have a wide range—the South-West of England, •

Xormandy. Wiirtemberg : also Sicily, according to the title of a paper by

G. G. Gemmellaro. ' Sugli Strati con Leptaena nel Lias Superiore di Sicilia
'

Boll. Com. Geol. Ital. vol. xvii (1886) pp. 156, 341.
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sequences), as is known from other areas, and where these really

occur is a matter of some surmise :—
falciferum,

bouchardi,

murleyi,

granulosa,

Alaria,

Thecidella rustica,

Leptseiia,

glohulina,

spi7iatutn.

(B) Additional Details concerning the Junction-Bed of

Thorncotnbe Beacon.

One of the most remarkable features of the Junction-Bed is

that it may always spring surprises in the matter of its faunal

contents. This apparently arises from the fact that fragments of

so many different beds have been preserved. These fragments are

in many cases quite small, and in other cases it would seem that

the fragments themselves were disintegrated, but that some of

their contents became incorporated in other strata.

During one visit I was fortunate enough to find a small block

in which were preserved various specimens of BhynclioneUa
serrata and like forms (yPrionorliyncliia spp.) in a sort of pale

Marlstone-liock matrix. This presumably is only a fragment of a

once widespread bed. One may search many of the ordinary

Marlstone blocks under Thorncombe without finding it. Walker
found many specimens of Hh. serrata at the temporary exposure

near Bothenhampton. Moore says that near Ilminster (Somerset)

the species is found only at Moolham ^ ; these Somerset and Dorset
localities are, I think, the only places where the fossil is known in

England, and consequently destruction of this bed must have been
considerable. On the Continent a species alhed to Itli. serrata—
Frionorliyncliia quinqueplicata (Zieten) is found in Wiirtemberg,
indicating, perhaps, that an original spread of the bed was to that

country. This species is also found in England with Rh. serrata.

From the same block I obtained a remarkable Terebratulid

—

somewhat of Terelratula punctata style, but anteriorly sulcate,

and therefore an inverted form. Further search for other blocks

to yield another example was quite unsuccessful. During my visit

in 1920 I could not find a single block showing the serrata bed.

Mr. Jackson, however, has another inverted example, though it

is a different species. I hope to deal with these in a future
palseontological portion of this paper.

Rhynchonellids, small, rather fiat, with few coarse plicse, were
found in this bed : such forms have passed by the names Bhynclio-
neUa egretta, RJi. fallax, but the identifications are open to doubt.
Also from this block I extracted examples of (or allied to)

1 VII, p. 164.
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MhynchoneUa houchardi {StolmorJii/ncJiiff spp.). As Sh. hou-

chardi was, according to Moore, of post Saurian-bed date, this

seems to show that the serrata bed and the houchardi bed were
being destroyed together, and that some of their fossils were being
mixed up. The serrata bed holds evidence of such a mix-up, for

in this same block were RhynchoneUa {Homoeorliynchia) acuta,

the large form, Quadratirliy ncli ia crassimedia,^ Q. aff. sjplKjeroi-

dalis,- and other species which properly belong to the lower bed

—

the brown m.arlstone. I have seen RhynchoneUa acuta in the

Vpper Lias part of the Junction-Bed.
For successful collecting, it is important to note the distinction

in matrix between the pale, rather soft serrata bed and the dark
hard Marlstone below, as it is of little use to look in the latter for

the special fossils of the former. The hard Marlstone is a fairly

constant bed at the base of blocks of Junction-Bed : the serrata

bed is rarely found, having been denuded from the Marlstone
before the Upper Lias was cemented to it. The planed-off top of

the Marlstone shows the denudation : it is also a guide as to

which is the upper part of odd Marlstone blocks.

However, this lower ]\[arlstone is not necessarily homogeneous,
and may be compounded of beds of various dates. In my former
paper I mentioned my lack of success in finding Day's Fleuro-
tomaria Bed.3 During my visit in 1920 I was successful. A
Marlstone block about 1 foot thick gave the following :

—

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

(b) Hard ironshot in the middle of the bed.

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

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

The following is a rough sketch of the faunal contents :

—

Upper 3 or 4 inches

—

Pleurotomaria spp. Specimens so crowded that, in

the course of the extraction of one, others were broken. Mainly acuminate
species, but one or two more depressed. See p. 400.

Just under the Pleurotomarise various species of Paltoplev.roceras and
Quadratirliynchia crassimedia occur.

In about the middle of the block a fragment of Ammonites cf. Jcurnanus

Oppel and various lameEibranchs were found.

In the lower part of the block, a dei^ressed Pleurotomaria was seen.

In another small block—a rather soft brown matrix, quite

unfamiliar—I found a single small example of another inverted

Terebratulid : it is like Terehratula hakeriad Davidson, which
comes from the acutuni bed (Transition-Bed) of Xorthamptonshire,

but very rarely, only two or three specimens being known. "^

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

of the Transition-Bed—the athleticum horizon, which has been almost

destroyed in Xorthamj^tonshire. The finding of a like form in the Junction-

Bed supports this idea, for Tiltoniceras has not been foimd in this bed,

although there are evidences of the athleticum fauna.
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Edward Wilson found, in the Junction-Bed of the Dorset coast

some 25 years ago, when in company with Mr. Tutcher, a similar

species: the specimen is now in the Bristol Museum. Accompany-
ing my example were some unfamiliar Harpoceratoid ammonites
which will require further investigation. This bed possibly 3delded

those Dactyliocerates, of about Transition-Bed date, which have
been obtained from the Dorset coast.

^

We may now return to Mliynclionella houcliareli : three or four

examples can sometimes be obtained from a small lump—from
rock which belongs to the base of the Upper Lias : that is to

say, it is to be sought for in the blocks immediately above the

Marlstone, which is congruous with Moore's post-Saurian-Bed

position. It also comes from the Watton Bed, from Ilminster,

South Petherton, and other places. It is a form of fairly wide
distribution : Thomas Davidson figures an example from Cromarty
(Scotland) ; Eudes-Deslongchamps mentions it from Normandy.
But all mention and figures of it are not to be trusted. I seem to

recollect the name being applied to some figured examples which
have nothing to do with Davidson's species. And I have my doubts

about the Cromarty shell.

The widespread occurrence of strata with Rhynchonella hoio-

chardi indicates a period of perhaps greater quiescence after their

deposition than had been the case with some previous deposits.

But the houchardi deposit did not escape wholly, for there are

some large areas without it—I think that the Cotteswolds might
be cited ; and in some cases where Hh. houchardi is found, it has

certainly been taken from its own bed and redeposited.

It is from such evidence as this—some of it particularly frag-

mentary—that a reconstruction of the course of events in the

matter of deposition had to be made.
The Dorset coast, then, seems to supply evidence, by fossils and

sometimes by fragments of strata, for the following sequence :

—

(6) Harpoceras-falciferum Bed.

(5) Rhynchonella-bouchardi Bed.

(4) Dactylioceras-athleticum Bed.

(3) Rhynchonella-serrata Bed.

(2) PleiiTotomaria Bed.

(1) Spinatum Bed.

(C) The Middle Lias (Domerian) of Thorncombe Beacon.

As the Junction-Bed of Watton Cliff contains Domerian strata

of earlier date than those found in the bed under the Western
Cliffs, it becomes necessary to give a short summary of these
deposits. The information is required for several reasons, as will

be seen later.

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

1 I, 5, p. 83.

Q. J. a. S. No. 312. 2 E
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yield quite a rich harvest, and are well worthy of investigation.

Only in certain cases have I been able to attack the beds in

the cliffs, a ybyj laborious and unsatisfactory task, and therefore

my information is not so complete as it might be. But, with the

help of Day's section, it may be possible to work out the main
sequence—sufficiently, at any rate, for present purposes.

Table I, below, gives in the two left-hand columns a summary
of Day's information, with my interpretation of his fossil names in

square brackets, and in the two right-hand columns are the details

which I have collected—the sequence and position in certain cases

being supposititious. •-

Table I—Dombbian (fri^-sfinatusi) Deposits, Thoencombe Beacon.

Day's Details.

Strata. Fauna.
S. S. Buckman's Details.

Brown sands
and sandstones.

(Blocks of

indurated sand.)

Margaritatus-
Stone.
{Margaritatus-
Bed.)

Grey and brown
sands witli

nodules.

Ammonites.
spina tus
[^Amaltheus
armiger ?]

Ammonites
bechei.

\_Anisoloboceras

nautiliforme.j

Ammonites
marga7'itatus.

\_Amaltheus cf.

amaltheus
and other

species."]

A.Jimhriatus.
\_Lytoceras

Jimhriatum
Wright {non
Sowerby), Mon.
Lias Amm, 1883,
pis. Ixxi, lxxii=
L. postfimhria-
tum Prinz-

Vadasz.J
' Masses of

Jlhynclionellce

of small size.'

* In some places

lumps composed
chiefly of the
stems and arms
of Pentacrimis
johnsonii
Austin.'

Strata.

Thorncombe Sands
with Tetrarhynchia-
thorncombiensis Bed.
(The ' RhyncJionella-

northamptonensis
'

Bed.) Compact
brown marly rock
with numerous
Rhynchonellids,
which weather out
cleanly.

Margaritatiis Bed

:

Yellowish-brown,
blue-centred, marly
stone.

Faun a.

Tetrarhyn cli ia

tho7^ncombiensis=
' jRhyncJionella

northamptonensis '

(auctt.) Walker in

Davidson. A thin

sharp-edged Zeil-

leria.

Amaltheus spp., and
Lytoceratid, as

cited in col. 2.

Down-Cliff Sands with
massive sandstone-
bed. Pale yellow
with blue centre.

Mainl}' unfossili-

ferous, but fossils

crowded in certain

small portions which
resist wave-action :

these supply the
fossiliferous pebbles.

The j^ellow pebbles
can be assigned to this

bed with fair cer-

tainty; but the blue
may be mistaken for

Starfish-Bed or for

Shell-Bed, or vice versa.

Numerous small
Ithynchonellce of

cuboidal form, with
sharp-cut ribs. Some
small Amaltheids in

the yellow stone.

Many small Amal-
theids in blue peb-
bles. Pebbles with
numerous fragments
of crinoids in a blue
sandstone perhaps
belong here.
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Day's Details.

Strata. Fauna.
The Starfish-Bed. Ophioderma.

The Shell-Bed
immediately
underlies tlie

Starfish- Bed.

Mudstone, with
nodular concre-

tions and shells.

Maris, with a

layer of small
nodules.

The Three Tiers.

Rich in Conchi-
fera.

Ammonites
margaritatus.
[^Amaltlieus spp.1

A. thouarsensis.

[Seguenziceras
cf. algovianuml]^

Ammonites of

several species.

A. margaritatus.
A. loscomhii.

A. fimhriatus.

S. S. Buckman's Details.

Strata. Faun a.

Blue somewliat marly Ophioclerma.

sandstone.

The black nodule-bed.
(Bluish marly stone,

with black nodules.)

Light-blue clay.

Dark blue conchoidal
clay, with two lines

of small nodules near

the top.

The Three Tiers form
' The Ledges,' which
show on the foreshore

under the eastern end
of Thovncombe Bea-
con at low tide. (Hard
blue sandstone.)

Amaltheids.

Fragmentary Amal-
theids in the nodules.

Body-chambers of

Amaltheus aff. cleve-

landicus, Ammonites
cf. hoscensis and like

forms in the clay in

line with the nodules

{Tragophylloceras
afF. loscombei J. Sow-
erby sp. [derived?]).

Most of the hard beds mentioned in Table I are separated by
thick masses of nnfossiliferous or poorly fossiliferous sands or clays

(see Day). From the Junction-Bed to his ' blocks of indurated

sand,' which I take to be the T.-thonicomhieusis Bed, Day makes
18 feet at Down Cliffs and from the Junction-Bed to the Marlstone-

Bed92|feet; whereas my measurements at Thorncombe Beacon
give 8 and 68 feet respectively. More will be said about this

difference presently, for it is a rather interesting point.

In certain pebbles of blue sandy matrix I found small Amaltheids,

which are very similar, if not identical, with Amaltheits IcGvis

(Quenstedt), and their matrix certainly recalls that of the Scalpa

Sandstone. In my first paper on Jurassic Chronology I proposed

a zone of Amaltheus Icevis^ placing it directly beneath that of

Paltopleuroceras spinatum. Kecent researches have tended to

confirm the value of the zone, but have raised considerable doubt
as to its position. According to the Thorncombe evidence the first

zone below that of P. spinatum is that of the so-called Phynchonella
northamptonensis {Tetrarliynclxia tlioriicomhiensis) and the next

is that of the margaritatus bed with large examples of Amal-
theus, The specimens supposed to be A. laevis may come from the

I, 7, p. 262.

2e2
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massive sandstone-beds of the Down-Cliff Sands at the latest, but
may come from the Starfish-Bed or the Shell-Bed. No sign of the

rest of the fauna which was found in the Scalpa Sandstone in the

same matrix as that of AmaltJwus IcBvis was seen at Thorncombe.
If A. IcBvis comes from the Starfish-Bed and Seguenziceras

from the immediatel}'^ subjacent Shell-Bed, while there seems to

be some 200 feet between A. Icdvis and ^eguenziceras at Raasay
in the Scalpa Sandstone,^ a very interesting position would be

reached, but one quite analogous to what is found in other cases.

Some 200 feet would have to be added where now is little or no
deposit. The already thick strata of the Domerian on the Dorset

coast would still lack representatives of a time-interval equal to

some 200 feet of deposit. The length of time required for the

deposition of the Domerian is thus likely to increase to a large

figure : it is already considerable.

These points cannot be pursued now, but they show where
further work is required. It is obvious that the complication of

the Domerian succession will be much greater than has been

expected, and that the dating of the Scalpa Sandstone may have

to be considerably modified. But that will not be at all a simple

matter : it will immediately raise many other questions, among
them perhaps that of local denudation of the Scalpa Sandstone

—

and that presents difficulties.

The Domerian succession disclosed by Thorncombe may be stated

as follows :

—

(7) Paltopleriroceras spinatu')n.

(6) ' Tetrarhynchia tliorncomhiensis.'

(5) Lytoceratid (the margaritatus bed).

(4) Cuboidal Rhynchonellids.

(3) Starfish-Bed (^? Amaltheus Isevis).

(2) Seg^ienziceras.

(1) Amaltheus clevelaoidicus.

This sequence is, in all probability, incomplete for the Domerian
strata of Thorncombe Beacon—because, for one thing, it has not

yet been possible to extract from their matrix all the specimens

collected,—and it is certainly incomplete so far as the full

Domerian sequence is concerned. Faunal elements of the

Hebrides and Yorkshire are missing, and will have to be accounted

for ; but, more important still, faunal elements of the Ilminster

district and of Normandy—that is, faunal elements immediately^

north and south of Dorset—are lacking.

Some interesting examjDles of this are the following :

—

Aiila-

cotlip^is resvpinata and A. moorei occur at Ilminster and in

Normandy. The absence from the Dorset-coast sections of Tere-

hratula \Aulacotliyris\ resupinata (including T. \_A.~\ moorei
presumably) is particularly noted by Day." Walker mentions
this, and says nothing to the contrary. ^ M}^ experience is the

1 I, 7, p. 261. - III, p. 293. ^ XII, p. 442.
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same. Yet Walker found eight specimens of the first and one

of the second at Bothenhampton. Now, it is fairly certain that

these forms occupy a rather low position in the spinatum zone

—may even indicate a deposit which is actually of -^YQ-spinatitm

date. If so, the explanation of the geographical record is easy

—this earlier bed, or some of its contents, is preserved at Bothen-
hampton ; and the bed is certainly present at other places, but
it and its contents have been lost from the coast-sections.

On the other hand, Walker notices particularly that not a

fragment of JRhipichonella acuta rewarded his work at Bothen-
hampton. Considering that it is a not uncommon fossil at the

coast-sections in certain cases, and that it is a usual fossil of Marl-

stone localities, this is rather remarkable—moi'e especially as what
seem to be its customary associates were found by Walker. Here
further analyses may be particularly interesting, with this addi-

tional reason—that there are two forms oiRh. acuta—a small form,

to which the name was originally applied, and a large form. There
is reason to think that the small form is not actually the young
(the brephomorph) of the large form, but that it is earlier in date

—

is an earliei" stage (an anamorph) of the large form. If so, small

forms and large could be used as chronological indices, the small

form possibly marking a fairly early Marlstone (spinatum) date
;

while the large form certainly marks a j)articularly late date,

although it must be earlier than Hk. serrata, for it occurs where
the serrata deposit has been lost. Is it to be assumed that there

was no record of either of these two dates at Bothenhampton P

It is, I think, correct to say that the small foi-m ranges from the

Dorset coast to the Hebrides ; but, before such a statement could

be made positively, a critical study Avould be necessary : for there

must be a true brephomorph of the large form, and this must
be so similar to the presumed adult small form that they would
only be distinguishable by what would be regarded as very trivial

features. This shows why it is so necessary in palseontology

to be precise in noting and naming quite small details, if the

full value from the different forms is to be obtained, so as rightly to

apprehend what they indicate regarding the history of deposition

and denudation. If small biological details be passed over without

notice, much of considerable chronological value may be lost.

It follows, then, that if the idea be correct that the two
differently-sized forms of JRhynclionella acuta indicate different

dates, the finding of the large form may be taken as fair

evidence for the later date ; but the finding of the small form
is not necessarily good evidence for the earlier date—not unless

we work out precisely whether the small form is a brephomorph
or an anamor])h, a labour only to be accomplished when the

respective distinguishing characters have been properly ascer-

tained. Proof that the anamorph and the large form lived at

different dates should be found by faunal analysis, as well as by
direct observation. The former should reveal areas where the

anamorph existed by itself without any trace of the large form ;
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while the latter would find small forms occup34ng strata at a lower

horizon than the large forms. This sliows how much scope there

is for further work.

Mr. J, W. Tutcher has kindly supplied the following identifica-

tions of gastropods and scaphopods which I have been able to give

him, as the result of chance collecting during various years at and
near Thorncombe Beacon. Some of the labels require a little

interpretation, because in earlier years I was necessarily less

conversant with the details of the sequence or the matrices of odd
blocks :

—

' Junction-Bed, hifrons layer.'.

Discohelix dunlieri Moore.
' Junction-Bed.'

Trochus nodulatvs Moore.
' Rhynchonella-serrata Bed.'

Trochus lineatus Moore.
' PieK.rofoinarm Bed.' [Seep. 394.]

Pleurotomaria mirahilis Deslongchamps.
Pleurotomaria oi. suhnodosa Goldfuss= possibly the form recorded
by Day as P. precatoria Deslongchamps.

' Marlstone '

[ = spinatum ?]

.

Amherleya cf. gavdryana A. d'Orbigny.
' Spinahim.'

Trochus cf . flexicostatiis Moore.
' Lower part of Marlstone ' [see p. 394].

Pleurotomaria mirabilis Deslongchamps.
* Margaritatus zone ' [=possibly the T.-thorncomhiensis Bed].

Cryptsenia cf. solarioides {S . Sowerby).
^ Margaritatus ' [possibly inargaritatus bed].

Cerithinm liassicum Moore.
Ataphrus cinctus Moore.

'Massive Sandstone-Bed.'

Turbo aciciilus (Stoliczka).

Dentalium eloiigatwn Moore.
' With Amaltlieus cf . Isevis, pebble on beach, near Eypesmouth.'

Dentalium elongatum Moore.
'Pebble on beach, Eypesmouth, below margaritatiis [bed], possibly

Starfish-Bed.'

Actseonina ilminsterensis Moore.

(D) Analyses of the Jimction-Beds, and Theories

as to the Watton Bed.

From the faunal sequences arrived at in the foregoing studies,

and from, the results which have been already obtained and
published elsewhere,^ it is possible to present a detailed list of

successive hemerse, noting at the same time which of these

hemerse are represented by the fauna of the Junction-Bed at

various places. But, as a preliminary, it is advisable to present an

ej^itome of Walker's section at Bothenhampton.
About 2 miles somewhat east by north of Watton Cliff was the

site of an exposure of the Junction-Bed at Shipton Long Lane,

1 I, 7, p. 276.
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Bothenhampton, described by J. F. Walker in 1892.1

following may be constructed from his description :

—

The

Section III-

[striatuhim.^

[bifrons.'}

falcifertim.

houchardi.

Harpoceratoid
(serrata).

[spinatum'] .

—Shipton Long Lane, Bothenhampton (J. F. Walker).

Thickness in feet.

1. ' White stone. Ammonites germani \_germaini']

(D'Orbig-ny) ' 1

2. ' Brown stone. Ainmonites fGram,inocerasJ thou-

arsensis (D'Orbigny), Bhynchonella jiirensis

Ma,T. bothenhamptonensis' 1

3. ' Brown congiomerate, often with pink stone at

the base. Ainm^onites (Hildoceras) bifrons,

Avorn specimens of Harpoceras falciferum.,

Bhynchonella bouchardi ' 2

4. ' Marlstone. Rh. serrata ' in the upper 3 inches.
' Rh. tetrahedra ' and many other brachiopoda

in the lower part 1

The possible faunal sequence ascertained by the foregoing studies

may now be given and results compared.^

Table II

—

Faunal Contents of the Junction-Bed.

Localities.

Hemerae.
Western Cliffs,

Thorncombe, etc. Bothenliampton. Watton.

"" moorei
Catulloeeras....

Dumortieria
Hammatoceras

.

Yeovilian. ^ dispansum
struckmanni

I pedicum

I
eseri

\^striatuluin

{^variabilis

lilli

braunianum
fibulatum
bifrons
subcarinafa
pseudovat^im . . .

.

falciferum
bouchardi

Whitbian. <{

DOMEBIAN.

exaratum
murleyi
tenuicosta tu7n

Leptcena
globidina
acutum
athleticum
Harpoceratoid

(^ {serrata bed) ......

Pleurotomaria
spinatum
T. thorncombiensis

X

P

X

P3

X
X

X

X

X
X

X
x*

X
X
?5

P6

1 XII, p. 441.
^ See also the hemeral table given in Appendix II.

^ Am,monites germ.aini. '* Mr. Jackson's discovery.
^ Small Hildoceratid ammonites. ^ Thecidellae.
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Table II records the faunal contents of tlie Junction-Bed at

three places—I have drawn upon Mr. Jackson's evidence for one

date {suhcarinatum) in regard to Watton Cliff,—and it shows

that, while there is substantial agreement between sections of the

Western Cliffs and of Bothenhampton, 3^et that Watton Cliff

differs considerably from both. This divergence is more noticeable

than a mere list of fossil contents would indicate ; for the points

that are most strikingly in contrast l^etween Watton Cliff and the

other sections are, so far as Watton Cliff is concerned,

(1) The continuity through most of the Watton Bed of white-stone

deposits.

(2) The considerable thickness of strata in which forms of Grammoceras-
striatulum type are found.

(3) The presence of the Thecidellse and u.nfamiliar Hildoceratids.

(4) The absence of the Marlstone-Rock bed

—

serrata and associated beds.

(5) The presence of tliQ Tetrarliynchia-tfiorncombiensis Bed and many
derived examples of that fossil.

These points are illustrated in Table II and diagrams 6 & 7.

The section at Bothenhampton is near a line of fault, parallel

to and north of the Watton Cliff (Eype) Fault, heading in the

direction of Thorncombe Beacon, The Junction-Bed of Bothen-
hampton reproduces the Thorncombe type, and shows Marlstone

at the base. The Junction-Bed of Watton Cliff is closer to the

axis of the Weymouth Anticline, and shows not only denudation

and destruction of the Marlstone, but denudation carried down
many feet lower—to below the TetrarhyncJiia-tJiorncomhiensis

Bed (diagram 6, p. 402).

Now, Day's measurements (see above, p. 397) were made at Down
Cliffs, 1 and by the increase in thickness it can be estimated that

his exposure was some 4250 feet—approximately 6 furlongs

—

to the west of mine ; it would, owing to the trend of the coast,

take him some distance farther away from the axis of the

Weymouth Anticline, and this would account for the greater

thickness which he obtains between the Junction-Bed and the

margaritatus bed. The following sections (diagram 8, p. 404)
are placed in order from west to east, which direction, though not

at true right angles to the anticlinal axis, is sufficient to illustrate

the effect of it.

Thus in the Down-Cliffs section, as there are some 92 feet

between the Junction-Bed and the margaritatus bed, in the

middle section about 68 feet, and at Watton Cliff about 40 feet,

the Tetrarhynchia-thorncomhiensis Bed must Imve disappeared

in the post-Marlstone denudation immediately east of Thorn-
combe Beacon, and the denudation has, at Watton Cliff, been
carried down into the ^Ye-TetrarJigncJiia-tJiorncomhiensis-^ed

Sands (diagrams 8 & 9, pp. 404, 405).

The Marlstone Rock is only preserved at Thorncombe Beacon

—

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



Diagram 7.— Fcmnal comparison,

(Vertical scale : 1 inc}i^=-2 feet.)

A.Western Cliffs

Y////////////////A

B.Watton Cliff

^^ Strata with

str'mtulutn forms,

often missing in

the Western Cliffs

Diagram 8.

—

Comparative sections at Tliorncomhe Beacon and
Watton Cliff, on tlie scale of SO feet to the inch.

Junction-Bed

Thorncombi-
ensis Bed

Hard layer

Junction-Bed

Sands with
occasional
doggers /--^

—

j—^—^
JHZHL

Blue Clay

Margaritatus-j
Bed Y

(a)Line showing the extent to

which denudation of the pre-Watton
Bed was carried in regard to

the strata at Thorncombe Beacon,

7
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not at Down Cliffs nor at Watton Cliff ; this implies slight syn-

clination of the Thorneombe area at the time of post-Marlstone

denudation, just sufficient to preserve the thin bed. But there

was a pre-Marlstone denudation—the presence of big blue

sandstone-pebbles in the marlstone of the Junction-Bed of

Thorneombe Beacon is evidence for that. The matrix of these

pebbles suggests that the}'" come from the Starlish-Bed ; they
certainly did not come from the margaritatus bed. Taking the

data of denudation ascertained in the above sections—that is, about
30 feet to a mile,—then the Starfish-Bed was elevated to the line

of erosion some Og miles from Thorneombe Beacon. The main axis

of the Weymouth Anticline runs out to sea some 7 miles south of

Thorneombe Beacon. Another mile and a half would involve a

further 45 feet, wdiich would be insufficient to bring the Three
Tiers—the next hard bed—to the surface alons^ the axis.

The fact that the margaritafus bed is not found in pebbly

condition, while the TetrarJiipicliia-tliorncomhiensis Bed is found
as pebbles in Watton Cliff (and probably it is the Starfish-Bed

that furnished the pebbles for the Junction-Bed of Thorneombe
Beacon), may suggest that movements of 'post-mcnyarifafus-hed

time allowed that bed to be covered up and protected by tliorn-

comhiensis or 'pve-tJior)ico)nhie]?sis-hed deposits.

It will thus be seen that the Watton Bed is a deposit of excep-

tional interest geologically : it would also be rich palseontologically,

if one had the means of breaking up the massive blocks. That it

is different from the Thorneombe Beacon Junction-Bed, only about
7 furlongs away to the west, is due to the fact that it really belongs

to a different piece of territory—to what was some half-mile

nearer the anticlinal axis. This little transverse difference is more
important than a considerable lateral distance, as is shown by the

similarity of the Down Cliffs (Thorneombe) and Bothenhampton
Junction-Beds, which are from 2^ to 3 miles apart, but along the

same line of fold.

The movements of the Weymouth Anticline and the distribution

of strata which they produced in the English Channel suggest

an interesting line of enquir}'—as to the present-day distribution

of strata out to sea. Some 20 v^ears ago I collected certain data

on the subject ; but there has not yet been any opportunity of

working out details, and the enquiry must be deferred for the

present. However, such an enquiry should have a certain prac-

tical bearing. The distribution of areas of hard rocks—that is,

areas of sandstone or limestone—is important to fishermen, as

affording good ground for the setting of their lobster-pots. A
geological investigation should indicate likely places to sound for

such areas, and might lead to the discovery of some which are not

yet known to the fishermen : they had, at the time I speak of, just

made a chance discovery of a new ground.

To return to the Junction-Bed—it is evident from the various

sections that the Weymouth Anticline was in a state of constant

m.ovement with consequent denudation making non-sequences.
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Yet the non -sequences ure not always synchronous in the different

sections.

The main feature of the Watton Bed is the amount of deposit

containing forms of Grammoceras-striatulum type, which, how-

ever, there is reason to suppose, are redeposited specimens. Yet
the mam mass of the Watton Bed is a hardened paper-shale—thin

laminfB of ver}^ fine mud,—indicating a slowly-accumulating tranquil

deposit. These statements appear to conflict : so does the state-

ment about tranquillity with the observation that some ammonites
are found more or less on edge, and that fairly large blocks of

Tetrarliyncli ia-tJiorncomhiensis Bed have been redeposited in the

Watton Bed.

The reason for supposing that the forms of striatulum type are

redeposited are the following :--At Bothenhampton J. F.Walker
found striatulum forms in a brown bed, and a species of later date

(^Ammonites c/ermaini) in white stone. The striatulum forms of

the Watton Bed show evidence of a yellowish-brown matrix,

although the3^are found in a very white lithographic stone. Asso-

ciated with the striatulum forms are species of Hammatoceras—one

form of the H. insicpie tj^pe found in the rock itself and another

(a rare and peculiar form somewhat removed from insigne, but

certainly a Hammatoceras) was found on the lower platform loose :

the matrix of the Watton Bed, however, is unmistakable. Now,
Hammatoceras is of considerably later date than the striatulom

forms, as may be seen from the synopsis on p. 401 (Table II).

It is presumably of about the same date as the Ammonites
germaini quoted by Walker, but is of -pre-Dumortieria age.

Therefore, tlie evidence appears to show that the forms of stria-

tulum type which are found in Bed 4 are redeposited in strata

of Hammatoceras date.

In the layer above, No. 3, is found evidence of a still later

horizon, Dumorfieria. The specimen belongs to a species with

coarse, rather distant ribs, and is closel}' allied to Dumortieria
nooata S. Buckman (p. 387). But in this layer there is very

plain evidence of redeposition apart from the striatulum forms :

there is Hildoceras of hifrons type, which is a species some five

hemerse earlier than striatulum forms and some eleven hemer^
earlier than Dumortieria ; and there are specimens of Tetra-

rliynchia tlionicombieiisis, which is some twenty hemerse earlier

than striatulum and some twenty-six earlier than Dumortieria.
It is evident, then, that the fossils which the Watton Bed yields

are not to be trusted as evidence of the date of its deposition.

And there is further evidence on this head in the finding of Harpo-
ceras ^ft. falciferum {mulgravium) in the top of the bed (p. 388).
Therefore, it is only possible to date the bed by the latest fossils

which it contains.

What is, however, of considerable interest is the faunal

m version

Harpoceras at the top of the bed.

Hildoceras aff. hifrons in layer 3.

Grammoceras of striatulum type m layers 4 & 5.
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This is an exact reversal of their true sequence. The possi-

bility of such inversion had been already surmised from consider-

ation of other cases.

^

The important j)oint is, however, that the evidence of anmionites

is not to be trusted too implicitly in certain cases : it shows that

special care has to be taken in reading records. That there was
such an inversion might be explained on the supposition that, as

the latest bed (that of striatulum date) was destroyed, its removal
exposed an earlier bed {hifrons) which, in turn being removed, gave
opportunity for the denudation of fcdciferum. But this is only

a part of the history : it is faii'ly evident that strata of these dates

and of others Avere all exposed to denudation at the same time.

^\\\x% fcdciferum contributed to the fauna of the lower part of one

fallen block; hifrons (so far as the evidence of pink matrix goes)

was laid under contribution for layer 9 ; thoriiconibiensis provided

materials for layer 3, and for various earlier layers. While the

middle and upper part of the bed was being laid down, however, a

stratum which yielded striatulum forms was being considerably

raided to provide materials, though it was not the only bed from
which they Avere obtained.

The latest date for the deposition of the AVatton Bed is deter-

mined by the date of the superimposed areno-argillaceous stratum

(Xo. 13) -
: the Watton Bed was laid down before that date.

This sandy stratum is, fi-om its position, presumably a less argilla-

ceous representative of the Down-CliiP: Clay which caps the

Junction-Bed in the cliffs west of Eypesmouth ; or it may be the

equivalent of the basal part of the Bndport Sands, which in

Burton Cliff assume a bluish colour in their lower part. But,

again, these basal Bridport Sands may be really a less argillaceoas

condition of Down-Cliff Clay.

The Down-Cliff Clay has yielded i)?//>'?o;'Z'/(^/7V^-^ the irony scale at

the base of the AVarton- Cliff sandy stratum has also yielded Dumor-
tieria, the basal Bridport Sands at Burton have given no evidence.

The Watton Bed is, therefore, earlier than the Dumortieria

hemera. in the main. But an early form of Durnortieria occurs

in the AVatton Bed, layer 3 ; the irony scale which caps that bed

and the complete lithic change between the AVatton Bed and
the sandy stratum point to a non-sequence of greater or less dura-

tion. It is to be concluded that the Durnortieria hemera contains

really more episodes than oui* present time-scale allows for: first, an

episode of early Du/nortieria, during which calcareous conditions

of lithographic -stone deposition obtained—a tranquil deposition of

fine sediment resembling paper-shales ; secondly, an episode of

j)ossible denudation while a lithic change was accomplished ; thirdly,

the episode of argillaceous or areno-argillaceous conditions of the

Down- Cliff Clay and its equivalents, passing higher up into

^ I, 9. p. 74, footnote 1.

^ Section I. p. 382.
3 I, 2. p. 519; I. 5. p. 64.
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the completely arenaceous conditions of the middle part of the

Bridport Sands. In this third episode Dumortieria ranges up some

60 feet in the Down-Clif£ Clay,i and it may range as far again

into the Bridport Sands before Catulloceras appears, while there

is about 170 feet before evidence of moorei is obtained.

^

The other supposition is that the upper part of the Watton
Bed was deposited contemporaneously with the Down -Cliff Clay.

This is possible, but it follows that a curiously limited horizontal

extension of the lithographic-stone deposit in a westerly direction

would have to be allowed, and, moreover, would have to be accounted

for ; because north-eastwards, so far as the Bothenhampton evi-

dence goes, there is reason to suppose considerable horizontal range

of lithographic-stone conditions.

On this theory the non-sequence between the Watton Bed and
the sandy stratum might correspond to the time of deposition of

the upper part of the Down -Cliff Cla3^

So far, then, as our present time-scale allows, the three upper

layers of the Watton Bed were deposited in the earliest part of

the Dumortieria hemera. The layer below, which contains

Hammatoceras, could be dated as Hammatoceras hemera, which
precedes Dumortieria. The layer below (No. 5), which contains

striatulum forms, can be dated as certainly later than striatidum

hemera ; but whether it can be dated as contemporaneous is a

question for consideration later.

In this layer I obtained a reversed gastropod {Cirrus^, thinking

it to be a new record ; but Moore has already figured and described^

a similar form as Turho hertholeti from the ' Upper Lias at

Compton [near Sherborne, Dorset] . . . from the highest bed of that

place in association with Ammonites toalcottii.'' There is reason

to suppose at Compton and the neighbourhood a close association

of Grammoceras-striatulum forms with A. ivalcottii [cf. hifrons],

owing to paucity of sediment, erosion, or both; therefore the evi-

dence is not necessarily against this gastropod being a contemporary
of striatulum forms."*

The peculiar Hildoceratid ammonites of layer 6 have some
resemblance to species which occur in the Jet-Rock of the York-
shire Upper Lias {exaratum hemera), as, for instance. Ammonites
rugatulus and A. multifoliatus Simpson ; there is also likeness

to A. similis Simpson, but this is perhaps from the falciferiim

horizon. The species of JElegantidiceras, JE. elegantulum and
^. ovatulum (Simpson), 'Yorkshire Type-Ammonites ' ii, pis. xciii

& cvi, may also be cited as similar, but they are thicker : they are

from Jet-Bock, exaratum hemera.

^ I, 5, p. 64. 2 i^ 5^ p_ 64_
^ VII, p. 210 & pi. vi, figs. 7-8.
* There is little doubt that, at Compton, Moore worked a higher (later)

deposit of Upper Lias than at Ilminster, Analysis of his finds should show
this. The forms common to Ilminster and Compton would presumably be
from the lower bed ; those peculiar to Compton might be expected to indicate

the higher bed.
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It is rather tempting to assign to the rock that date, because it

would bring the Thecidellce of the top of layer 7 into line with
Moore's zone of Tliecidium ntsticiim (p. 390). But there seem to

be ditticulties in this course :—(1) there is lithographic stone in

laj^ers 8 & 10 below; (2) there is pink rock suggestive of hifrons

date in layer 9 ; and (3) the possibility that the Harpoceras af£.

mulgravium found in a fallen block (p. 888) came from about the

horizon of layer 8 or even below it.

The ammonites of layer 6 may have been derived, especially as

Mr. Jackson has found similar peculiar Hildoceratid ammonites
in far better condition nearly in the top of the bed (corresponding

to layer 3, or possibly 4). His specimens are in quite unworn
condition, showing no signs of derivation, yet it seems quite

impossible to imagine that they were contemporaries of Sammafo-
ceras—that is contrar}^ to all our experience : there is admittedly

a difficulty here. As to Tliecidellce, the}' can onh^ have been

derived if the whole slab to which they are attached had been
derived. This is possible ; but it is also possible that the Theci-

dellcB are a different species and of a different date from Thecidella

rustica : thej are too much weathered to make an}- determination

of s^^ecies satisfactory'. And, even if such were made, our know-
ledge of the range of Tliecidellce is admittedh' very incomplete :

possibly several Whitbian horizons ^deld Tliecidellce, but there has

been, since Moore's time, too little sj'stemafcic search for them.

The washing process, by which alone they can be obtained in

satisfactory condition, is particularly tedious ; and there are cases,

as their occurrence in this calcareous Watton Bed shows, where
it could be applied onh^ with much difficulty.

If it be supposed that the peculiar Hildoceratids are in situ in

the lower part, or not much removed from their original position,

that the}^ were at least dejDOsited originally in a lithographic-stone

matrix, then we are confronted with a difficult position, and the

following theories may be put forward to account for the facts.

A recapitulation of the facts may be helpful : the}' are :

—

(1) A laminated lithographic- stone bed about .5i- feet thick shows in

the face of Watton Cliif; separating Yeovilian from Domerian
sandy deposits.

(2j It is in the same position as the Junction-Bed of Do^^ii-Thorncombe
Cliffs ; but it is quite different in lithic character, and disagrees

greatly in its fauna.

(3) The "white-stone matrix runs through the bed, but there are other

matrices mixed up with it.

(4) Striatulvm forms occur in a yellowish matrix, but are redeposited

in lithographic stone ; they are associated with Hammatoceras and
Dumortieria.

(5) There is faunal inversion.

(6) Certain small species of Hildoceratids of -pre-falciferum aspect are

found at two levels, towards the base and towards the top ; those

at the top are in the best condition and in a white- stone matrix.

(7) A white- stone matrix is not found in the Junction-Bed of the western

cliffs ; but it occurs at Bothenhampton and is -post-striahdum
in date.
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These are the facts which have to be accounted for, and the

following theories may be put forward :

—

(1) The lithographic or white-stone matrix began to be de-

posited in ^YG-'^'alciferum time, and its deposition continued until

the time of early Diimortieria^ although there were vai-ious breaks

in the record due to penecontemporaneous erosions.

(2) The whole of the Watton Bed was laid down at about one

date, Hammatoceras (that is, the base of the Watton Bed corre-

sponds in date with the upper part of Walker's Bothenhampton
section—it is ^o&t-striatulum wholly) : therefore, it is altogether

later in date than an}'- part of the Junction-Bed of the Western
Cliffs, and than all but the last layer of the Bothenhampton
section. So far as agreement in lithic character is concerned,

this would appear to be correct. So far as faunal contents are

concerned, nothing that has been found lower than layer 4 is in

favour of it.

(3) The Watton Bed consists of two similar deposits of rather

widel}^ different dates ; there was a deposit of, sa}'', ^^vQ-falciferum

date which had the characters of white lithographic stone, and
made up the lowest part of the bed, then there was a break,

possibly with denudation, yAxA^ faJciferum and ^o^i-falciferiim

deposits were being laid down in surrounding areas, as for instance

in that of Thorncombe ; then followed a time of deposition at

Watton Cliff, for which materials were obtained ixovix falciferum
and later deposits, from the ^vQ-falciferum white-bed deposit,

and even from the thorncomhiensis rock. Afterwards came
another period of definite lithographic-stone deposition beginning

in Hammatoceras hemera (laid down not only at Watton Cliff,

but at Bothenhampton), and continuing to the earliest part of

the Dumortieria hemera. In other words, two deposits of similar

character, but of widely different dates, have coalesced.

Let us consider these theories : the first theory carries various

difficulties. That a homogeneous deposit existed for many nemerse,

and at the same time shows various non-sequences, is not a diffi-

culty ; for such a deposit, lasting through more than thirty

hemerse with various non-sequences, is illustrated in my last paper.'^

But the difficulty is to suppose that during all the long time of

about eighteen hemerse which the fauna of the Watton Bed
would require for its deposition (that is, from ^Ye-faJciferum

to early Dumortieria^, the white-stone conditions had so remark-
ably restricted a geographical range—not extending to the cliffs

west of Ej^pesmouth, about 7 furlongs westwards, where different

conditions of deposit obtained, nor to Bothenhampton, about
2 miles away to the north-east, until the time of Hammatoceras
hemera, when white-stone conditions did come in at that locality.

jSText there is evidence that white-stone conditions were not

really continuous. Some small Dactyloids are in a brownish

1 I, 9, p. 100.

Q. J. G. S. No. 312. 2 r
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matrix, and the Grammoceras-sfriatuluin forms are in a yellowish

deposit.

The second theory requires that Sammatoceras or some contem-

porary should be found low in the Watton-Cliff Junction-Bed. This

theory does not account for the white matrix of the presumed pre-

faJciferum Hildoceratids. found by Mr. Jackson towards the top

of the bed. And it involves the following corollaries : (^a) that

any strata deposited in the Watton-CIiff locahty dui'ing the

makins; of the Junction-Bed of the Western Cliffs and elsewhere

were broken up and redeposited during Sammatoceras time;

(&) that all such strata were removed, and then that the Samma-
toceras sea had access to exposed strata of tliorncomhiensis, pre-

exaratum, falciferum, hifrons, striatuhim, and other hemera;, in

order to gather materials for the making of the bed— to a certain

extent layers 2, 3, & -4 give evidence that som^ po]-tions of such

sti-ata were available for supplies
;

( c) that all the faunal contents

of the Watton Bed which are of older date than Sammatoceras
have been derived.

The third theory sounds rather elaborate, but it seems helpful

in many ways : {a) it will account for the ^^vq-falciferum Hildo-

ceratids havincr a white-stone matrix, so that thev have the same
matrix after derivation as that in which they are enclosed; (Z*) it

synchronizes this j)resu.med -pTe-e.raratin/i deposit of fine-grained

lithographic stone with the paper-shales of Xorth Gloucestershire

—

as, for instance, Alderton-Dumbleton : and such synchronization

of two fine-grained, tliinly-laminated dejDOsits is rather an interest-

ing point
; (c) it accounts for the absence, except as derivatives,

of deposits of ^ostfalciferum to ^re-Sammatoceras hemerse, and
also for their irregularity

; ((/) it brings into accord the commence-
ment of the second white-stone deposit at AVatton Cliif with the

same deposit at Bothenhampton—there it is ])0$t-striatif7u/n,

presumably Hammatoceras ; at AVatton Cliff it is ])Ost-striati/Iinn

certainly Sammatoceras, so far as layer 4 is concerned.

If, however, this theory be correct, then there will he the

foUo^ving corollaries awaiting acceptance :

—

{a) The presumed -prefalciferum Hildoceratids should be found
in the basal part of the blocks : unfortunately, this basal part is

the most difficult portion to attack ; i'h) this -pre-falcfferurn

white-stone deposit has been removed by denudation from the

Junction-Bed of the Western Cliffs and of other places : there

certainly is a non-sequence in the required position—both stratal

and faunal failure ; this is not asking too much, because denuda-

tion of the -prefalciferum deposits occurs over a considerable

area—south of Xorth G-loucestershire they are only preserved in

patches, and in stratal sequence those are often incomplete : ( c) that

the main constituents of the Junction-Bed of the Western
Cliffs were not deposited in the Watton Bed in a regular order,

but are only represented by chance faunal and stratal elements in
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disorder
; ((/) that the second white-stone deposit has practically

come into contact with the first one, giving the Watton Bed a

false appearance of stratal continuity, whereas it masks a con-

siderable non-sequence—say, some dozen or more hemeriB
;
(e) that

the second white-stone deposit which is of two dates at Watton
Cliff

—

Hammatoceras and earliest Dumortieria—has been partly

removed, so far as the Dumortieria portion is concerned, from
Bothenhampton, and has been wholly removed from the Thorn-

combe area : there, indeed, removal has gone further—it has taken

off the deposit of striatulum date from Thorncombe Beacon, and
yet left it as witness for original deposition at the neighbouring

Doghus and Down Cliffs, in places.

The phenomenon of what may be called stratal repetition

—

the occuri-ence of like deposits after greater or less intervals of inter-

ruption by deposition of strata unlike them—is quite well known.
It occurs in two 'forms which may be called local and non-
local—the first is stratal repetition in the same district, the

second is stratal repetition, but not in the same district ; there is

stratal repetition in time, although what may be called the

de positional focus has shifted. In the first case the like

deposits are superinqDosed, in the second case the}^ are not.

Those Ju)-assic sands of the South-West of England which
makes a first appearance in Middle Lias (Domerian), and continue

with various changes of locality until early Inferior Oolite

(Aalenian), illustrate remarkably well stratal repetition, both local

and non-local, as Table III (p. 415) will show.

Before illustrating this point I ma}^ sa}^ just a word about the

so-called 'Midford Sands' or 'Oolite-Lias Sands' (Cotteswold, Mid-
ford, Yeovil, etc. Sands). From what one may read concerning

lithological [lithic] evidence about change of deposit producing

change of ammonite fauna, and when one sees assumptions made
that the same formation stretching across country may be taken

as evidence for the same date, I fear that the lessons to be

gathered from the ' Midford Sands,' the secret of which I un-

ravelled some years ago,^ have not yet been learnt. Here is a

formation of sand stretching across country for some 90 miles,

from near Gloucester to the Dorset coast, resting upon clay below

and capped by limestone rocks above. But the sand formation

is not uniform in date—as it passes from north to south it

gradually becomes later in time. Diagram 10 (p. 414) will illus-

trate this—the numbers refer to the hemerse in Table III ; but,

of course, the diagram does not illustrate all the complexities due

to differential thickening of deposits, to penecontemporaneous
erosions, and so on. But it shows how unreliable a guide the

lithic character may be. In this case clay, sand, and limestones are

all being deposited synchronously during several hemerse without,

so far as is known, any effect on the ammonite faunas. But it can

1 ' On the Cotteswold, Midford, & Yeovil Sands, &c.' Q. J. G. S. vol. xlv

(1889) p. 440.

2f2
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Diagram 10.

—

Non-local stratal repetition.

(N.) Gloucester. Dorset (S.)

Scissum. Limestone. Limestone.

29—27 Limestone

26—24 Limestone.

23—21 Limestone

20-18

17-15

14-12 Clay.

hardly be supposed that these snnultaneous depositions of different

strata form an isolated case—in fact, there is every reason to think

that the phenomenon is rather frequent. It maj^ however, be

masked by paucity of exposures and b}^ hemeral sequences not having
been so fully Avorked out. In the case of paucit}'' of exposures,

faunal analyses of the contents of a formation should be made.
If they reveal notable discrepancies at certain localities, the

explanation may be sought in the phenomenon of sj^nchronous

deposition of different strata—the similar lithic character as

evidence of date should be regarded with suspicion.

It is not surprising that, in the Midford Sand case, observers

disputed fruitlessly for many years as to the position of the Sands.

But the palaeontology of these observers was much at fault—

a

name like Ammonites variabilis was applied to species of such

diverse genera as Haugia, FJilyseogrammoceras^ JPleydellia^

Hammatoceras, Sonninia, and Fissilohiceras.

I hope to be able to illustrate the phenomena of these Sands
and synchronous deposits moi'e fully in some subsequent paper of

this series—much of it is written. Meanwhile, I return to the

subject of stratal repetition, as illustrated b}'' the geographical

shifting of the focus of deposition (see Table III, p. 415).
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Dates.

Table III

—

Dates and Localities of Sands.

Localities.
—

^

Heme r a3.

29. venustida

28. digna

27. [Gottesiooldia] ..

26. moorei

26. Catulloceras

24. DumortieHa

23. Hammatoceras ..

22. dispansum

21. struckmanni

20. pediciim

19. eseri

18. striatulum

17. variabilis

16. ran

15. hraunianuin

14:. Jibulatum ,

13. hifroyis

12. suhcarinata

1 1 . pseudovaturn

10. falciferum

9. exaratum

8. tenuicostatum

7. acutum

6. atJiletictim

5. Havpocevatoid ...

4. spinatum

8. thorncomhiensis ...

2. margaritattis bed.

1. ^\e,-margaritatus

bed

X

X
X
X

X

X

f- o
o

X

X

X

o isO

X
X

X

! Bi'idport
' Sands.

Yeovil

r Sands.

Bruton
Sands.

Midford
Sands,

seusu stricto.

Sodbury
Sands.

I
Cot teswold

^ Sands.

si

CO

xn

Thorn-
combe
Sands.

Down-Cliff
Sands.

So far as the Dorset coast is concerned, there are three sets of

sands which are remarkably alike—so much so, in fact, that it is

matter of common knowledge how difficult it is to be sure of the

date (even in a general way) of a chance opening, especially as the

strata are rather barren in a fossiliferous sense. The three sets of

sands are those of ^ve-margaritatus bed (Down-Cliff Sands),

separated by a thin calcareous and by a thin argillaceous bed from
a y)osi-mffrc/aritattts sand-deposit {thorncomhiensis, the Thorn-
combe Sands), which is in some cases separated from the third
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sandy deposit (Bridport Sands) onh' by the thin Junction-Bed.

This is local stratal repetition. Kon-local stratal repeti-

tion is illustrated by the other areas, which show the depositional

focus o£ sands travelling northwards into Gloucestershire and then

returning southwards to the Dorset coast again.

In Table III the interval between the Thorncombe Sands and
the Bridport Sands seems to be very great, and so it is in the time-

scale as well, if the full thickness of deposits made contempomne-
ously elsewhere were brought in—250 feet or so in lilJi-variahilis

hemer£e of the Cotteswold Sands alone ; but in actual section on

the Dorset coast the break is a very small matter, sometimes or\\y

about 2 or 3 feet—so little, indeed, that it may reasonabl}" be

inferred that the movements of the Weymouth Anticline have
resulted in places in such small upheaval as was necessar}^ to bring

about the removal of the Junction-Bed and the superposition of

Bridport Sands on Thorncombe Sands in one bed, with a wholly
false appearance of sequence.

In argillaceous deposits stratal repetition is shown in Fuller's

Earth, Upper Lias, Lower Lias—to name onh^ a few. And in

calcareous rocks the phenomenon occurs—certain strata of especially

similar appearance may be named :-

—

Minchinhampton Stone (Great Oolite).

NotoTOve Oolite.

Upper Freestone. I t £ • r\ ^•^.

T Ti J. Y Interior Oolite.
Lower Jbreestone.

Lower Limestone. J

These are strata of white freestone with oolitic grains : they are

separated by deposits having other characters.

But to ask for a stratal repetition of a fine-grained white litho-

graphic stone of two dates, one Y^Q-fcdciferiim and the other

Sammatoceras, to be deposited in the same area so as to form one

bed masking a non-secpence of considerable duration, is to make
a somewhat extravagant demand, because of the great degree of

similarity involved. There are two phenomena to consider—the

first is repetition, and the second is coalescence. It wnW greatly

strengthen the case to bring forward evidence of the first phe-

nomenon in regard to lithographic stone, and of the second in

regard to another stone ; because, although the phenomena occur

separately, there is obviously only one further step towards finding

them occurring together.

Remarkable confirmation in regard to stratal repetition of a like

deposit comes from a neighbouring place, Burton Bradstock ^
; there

is found a white bed (which it will be necessary to discuss presently)

of much later date, so similar to the white bed of Watton Cliff

that, if portions without their fossils were mixed, separation could

doubtfully be made. Now, the greater will include the less. Here
is definite evidence that white-stone—lithographic -stone—conditions

1 I, 5, p. 69.
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recurred in the same area after the lapse of some fifteen to twenty
hemerae, so there is ground for surmising that the same phenomenon
occurred at Watton ClifE after the lapse of some ten to fifteen

hemerae. But the two beds of presumed different dates at Watton
Cliff have coalesced. Yet coalescence of unlike deposits separated

by more than twenty hemerie in time is well known ;
rarer, of

necessity, is the coalescence of two like deposits of different dates,

because the chances against it are greater : but it is known, and
was commented upon in mj'^ last paper.i Possibl}^ other cases of

such coalescence ha\'e been overlooked, because they were not

understood. If only such coalescence of the Burton and Watton
white beds had taken place, it v,'ould have provided a problem and
a crojD of ingenious surmises before it was understood. And there

is just the possibility that such coalescence did occur— somewhere
out to sea, in the neighbourhood of the axis of the Weymouth
Anticline.

The third theorj'' seems to have the greatest Aveight of proba-

bility in its favour ; but, at present, that is all that can be said

for it. If correct, it makes the Watton Bed contemporaneous, so

far as its earliest part is concerned, with the ^Ye-falciferum paper-

shales of the North Gloucestershire Whitbian, and, so far as its

later part is concerned, contemporaneous with the top layer of the

Bothenhampton section, with the Yeovilian Sands of Cole, near

Bruton (Somerset), and with the middle part of the Gloucestershire

Cephalopod-Bed. It will be noticed that at present there is no

ammonite evidence for any of the hemerae between Hammatoceras
and sfriafifhnu—in descending order: dispansum, sfruchmanni,
pedicum, eseri. Tliej have not been found at Bothenhampton nor

in the Western Cliffs—at the former place towards the top of the

Junction -Bed there is, consequently, a gap of four hemerae; at

Doghus and Down Cliffs, between the Junction-Bed and the over-

lying Down-Cliff Clay, there is a gap of five hemerae ; at Thorn-
combe Beacon there is a gap of six hemerae. At Shoot's Lane,

Symondsbury (Dorset), evidence for esfiri has been found

—

Ilaugia fascigera'^ (now JEsericei-as).^

Stress has been laid on stratal repetition and coalescence, because

this may possibly explain some of the Continental deposits which
are puzzling, on account of inclusion in the same matrix of species

of very widely different dates.

In the Ked Ammonite-Limestone of Lombardy are species of

various dates, from Domerian through Whitbian to Yeovilian, with
certain notable omissions. The dates of the species are fairly

obvious, and the deposit possibl}^ represents a continuit}- of

like conditions with erosions. But were the gaps—the portions

]
I, 9, p. 86. 2 i^ 5^ p^ 57.

^ I, 8. pi. clxxxii. Since this was written, examination of Mr. Jackson's
finds g-ives evidence for fauna of eseri and pedicum (or strucTcmanni hemera,
perhaps) in the Western Cliifs. Such finds are always possible, and do not
invalidate my statements ; they stand good for many exposures of the Junc-
tion-Bed of the Western Cliffs.
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unrepresented by fauna— filled by strata of like or of unlike

character ? There is no evidence.

The stratum of Posidonomya alpina of Sette Comuni (Ital}')

contains a fauna described and figured by Parona ^ which apj)ears

to show considerable mixture of Bajocian (and early Vesulian)

with Callovian species. Parona notes that such an admixture has

been recognized b}^ E. Bose & H. Finkelstein for the same stratum

in Southern Tj^-ol and b}'' E. Jiissen for the Klaus Beds of the

Northern Alps.^ In Parona's case the admixture seems to be greater

than he supposes, even allowing for the well-known and deceptive

homoeomorphy of certain Bajocian-Yesulian and Callovian species,

and therefore the following remarks on some of his faunal elements

may be of service. It is interesting to note how many of them
have a distinctly Bajocian-Vesulian aspect. Before claiming them
as Callovian species it would be very necessar}^ to show that they,

or very similar forms, occur in deposits which are unquestionably

Callovian. If that could be done, then they would still remain of

much interest, as illustrating heterochronous homoeomorphy. But
at present the majority of the forms about which the following

notes are made appear to be strangers to Callovian, though not to

Bajocian-Vesulian deposits.

Table IV

—

Remarks ox Parona's Figured Species of
Bajocian-Vesulian Aspect.

Reference. Species.

Pl. I, fig. 11. ' Oppelia subtilicostata.'

12. ' CEcotraustes minor!

13. ' Cadomoceras nepos.'

14,15. ' Sphceroceras pilula.'

16. ' SjpJicsroceras auritiim.'

17. ' Spliceroceras ? disputahile.

18. '' Stephanoceras rotula.'

19. ' Stephanoceras ffibbum.'

21. 'Stephanoceras venetum.'

22. ' Far'kinso7iia honarellii.

Pl. II, fig'. 1. ' Cosmoceras poUux.'

Remarks.
Similar to Oppelids of niortense

date.

Possiblj'' a catamorph of Cado-
moceras. Of. C. costatum, I, 8,

pl. clxxxix : niortense

.

Good evidence for niortense date.

Possibly catamorph of Lahyrin-
thoceras, I, 8, pis. cxxxiv, cxxxv

;

c. sauzei.

Like species of hlagdeni-niortense
dates.

Like species of niortense date.

Like the coronate stage of Peri-

sphinctids of niortense-trneUei

date.

Very like Trilohiticeras, I, 8,

pl. cxl ; Discites.

Remarkably similar to Fohjplec-
tites sp of the truellei bed of

Burton Bradstock.
Not a Farkinsonia, as the furca-

tion is on the edge of the peri-

phery ; it should be about
medio-latei'al. A phaulomorph
Perisphinctid ; truellei?

Like certain forms of Strenoceras
of niortense date. But there is

a great resemblance between the
Bajocian-Vesulian genera Stre-

noceras, Sacnlatoceras, Garan-
^ia«a, and the Callovian Cosmo-
ceras in certain cases.

VIII. 2 VIII, p. 5.
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Reference. Species.

Pl. II, fig. 2. ' Cosmoceras n. f.*

3. ' Perisphinctes suhtilis
'

Neumayr.

9. ' Feltoceras chauvini-

anum ' A. d'Orbigny.
21-23. ' Waldheimia boehmi.'

24. ' Waldheimia concava.'

19. ' Waldheimia heneckei.'

Remarks.
Miicli like JBaculatoceras of nior-

tense date.

Not P. subtilis. Very like 1\
psetidomartinsii Sieuiiradzki

—

Frorsisphinctes, I, 8, pl. cc

;

garantiana.
More like Caumontisphinctes, I, 8,

pis. clxix & cxcii ; niortense.
' Has the most remarkable likeness

to Waldheimia hrodiei S. Buck-
man (in Davidson, Mon. Brit,

Jur. Bracli. A pp. to Suppl.,

Palajont. Soc. 1884, p. 266 &
pl. xix, figs. 14-15, wliicli is a

species from the Iron_y Bed
(hlagdeni zone) of Louse Hill.' ^

An anamorph of Waldheimia
haasi S. Buckman in Davidson
as above, p. 265 & pl. xix,

fig. 12 ; hlaqdeni zone of Louse
Hill.

A catamorph of Zeilleria ferrn-
ginea S. Huckmau, I, 4, p. 260
& pl. xiii, fig. 4; from the Irony
Bed {hlagdeni zone) of Louse
Hill.

The stratum in question appears from Parona's description ^ to

be homogeneous. It is making a rather large, though not

impossible, demand on credulit}'- to believe that this homogeneous
deposit was persistent without alteration, through all the great

number of hemerae which are contained in Upper Inferior Oolite,

Fuller's Earth, Stonesfield Slate, Grreat Oolite, Forest Marble,

Cornbrash, Kellaways Rock to basal Oxford Clay. Continental

authors, it is true, have failed to realize the great time-interval

that exists between post-Bajocian and Callovian—being inclined to

look upon them as merely a part of one deposit, because on the

Continent so many of the stratal constituents are lacking.

Quenstedt, for instance, placed such strata just in one division,

Braun Jura e, as if they all made up quite a minor episode. But
I shall have more to say on that point in a sequel to this paper.

What concerns us now is the difficulty of thinking that the

homogeneous deposit lasted persistently through all this time.

There is perhaps no evidence against it in the shape of different

deposits in the neighbourhood ; but the great non-sequence

suggests that a change of conditions occurred, that different

deposits were laid down and were entirely swept away again

—

then that there was stratal repetition and coalescence.

The interesting point about the Bui-ton White Bed and the

Watton Bed is the definite evidence given for about 230 feet of

strata, different from them and differing among themselves-

—

sands and vaiious limestones—separating two like deposits. Bvit

it is not difficult to picture another condition—a difference of

geological and geographical history—sea where now is land, the

1 I. 5, p. 105. 2 VIII, p. 3.
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Dorset—Somerset evidence of these intervening strata swept away
;

land where now is sea, with coalescence instead of separation

of the two White Beds. Then we might be examining a rock of

white matrix obtained some miles off the Dorset coast which would
23uzzle us, because it showed in a homogeneous deposit AYhitbian

and Yesulian ammonites. Griven sufficient destruction of evidence,

and we might be long in arriving at the solution—erosion, stratal

repetition, and then coalescence. Yet such, I think, is the

explanation of sundry Continental deposits, and also of the Watton
Bed itself : stratal repetition for the Yeovilian deposit and coales-

cence with a like AYhitbian deposit—some of the intervening

strata, of different lithic composition, being deposited in the

Junction-Bed of the Western Cliffs and elsewhere.

The subject of stratal repetition and coalescence must receive

further attention at another time.

lY. The White Bed or Buetox Beadstock.

The likeness of the Watton Bed to that which I described as

found at Burton Bradstock naturally atti-acted attention.^ That
bed is in Bridport Sands and also connected with faulting.

Accordingly, in the autunan of 1919, I j)aid another visit to

Burton. The first blow of the hammer fortunately hit a block

disclosing examples of the same latesulcate ' Garantiana' as that

which I mentioned before.- It is not properly a ' Garantiana '

;

but it is a well-known form of the niortense bed of Louse Hill,-^

the Astarfe or Rotten Bed^ which lies above the Irony Bed. A
fine-ribbed Perisphinctid was also obtained.

Subsequent labour, however, proved unproductive of more
evidence for date. But a Garanfiana-like form and a Peri-

sphinctid in this bed are sufficient to show that, like as these two
lithographic strata are in composition, yet they are of widely

different dates—the Watton Bed is pre-Bridport Sands, the Burton

Bed is on the border-line of Bajocian-Yesuhan. not only post-

Bridport Sands, but subsequent to the early and middle Inferior

Oolite. What is interestincr. however, is that the same fine muddv
sedimentary conditions must have obtained at these two different

dates : but, in the Burton case, it is only by the accident of faulting

that a fragment of the later deposit has been preserved ; in the

Watton-Cliff case the accident of faulting has doubtless preserved

the southern extension of the Bed, although that must be buried

at a steep angle some 300 feet below Watton Cliff. What has

been preserved is the unfaulted part which lies practically hori-

zontal in the cliff-face, in position between ^Middle Lias and basal

Bridport Sands.

1 I, 5, p. 69. 2 I 5^ pp_ 7o_7i.
^ I, 5, p. 71. [Tlie Louse-Hill species has, since this was written, been

fibred and named Hlaiciceras platyrryinvm (I, 8. pi. ccxl).^

^ L 3, p. 488, Section \1. Bed 3.
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Mr. Linsdall Eichardson has said that the Burton White Bed is

in situ in Bridport Sands formed by percolation subsequently ^

;

but while such an explanation might account for a deposit, it is

quite inedaquate to account for the presence of fossils . in that

deposit. It seems hardly sufficient to account for such a deposit

as this : percolation should produce calcite-veins (the so-called

'beef'), not a finely-laminated lithographic stone. The difficulty

about the fossils in the deposit Mr. Kichardson avoids hj a sugges-

tion which ignores my statements, and is totally at variance with

the facts ; he saj^s :

' It was probably from this horizon [the top of the Red Beds] that the piece

of " lithographic " stone came that yielded to Mr. Buckman fossils indicative

of late niortensis or garantiangs hemera. Prof. S. H. Reynolds has very

kindly examined microscopically one of the two pieces of "lithographic"

stone that Mr. Buckman gave to the Director [Mr. Richardson], These two
particular pieces probably come from the top of the Red-Bed horizon.' ^

My statements were
' The White Bed .... only occurs .... in the bank at the beach opposite the

villas .... It is particularly exposed on the sort of pathway leading from the

road to the beach, and ' just to the right hand as one reaches the beach. . . .

The blocks on the beach were broken. The yield was several specimens [of

fossils] .... and a piece of a Garantiana sp. nov, . . . known as a species from
the niortensis beds of Louse Hill, near Sherborne.' "^

The fossils and the rock-specimens were both obtained from the

same place, from those blocks which are on the beach below the

villas, blocks detached from the Bridport Sands, into which they

have been faulted. The latest finds (1919)—similar ammonites, a

Perisphinctid, and a JSfcnitihis—were all extracted from the bank
in the pathway below the villas.

Why Mr. Richardson made the assumption that the fossils and
specimens came from the Bed Bed it is difficult to imagine,

especially as the cliff-section with the Bed Bed is from a quarter to

half a mile away ; and I had remarked that ^

' there is [in the cliff-section] practically no sign of any deposit of a thick

white bed of the character of the one that has just been described.'

But the assumption was necessary to fit the percolation theory, in

pursuance of which Mr. Bichardson remarks that ' the lithographic

stone might be found associated wdth fossils of any hemera.' ^ The
difficult}^ here is that the fossils would show internally the different

matrices formed during the hemene to wdiich they right]}" belonged.

But these fossils from the white bed show inside and outside a

white-bed matrix—they are evidently synchronous wath the White
Bed. Another objection is that the fossils of the White Bed are

not found in any other of the Burton deposits. And there is a still

further objection which may be taken to the percolation theor}-^

—

that percolation w^ould not produce a fine-grained, laminated
lithographic stone.

1 IX, 2, p. 56. 2 IX, 2, pp. 56-57, '^
I, 5, pp. 69-71.

4 I, 5, p. 71. 5 IX, 2, p. 57.
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It is now known that a similar lithographic stone was deposited

horizontally and normally at an earlier date at Watton Cliff, of

which the unfaulted part is preseiwed and the faulted part rendered

inaccessible : it is reasonable to conclude that the Burton White
Bed was deposited in a normal manner, but that the unfaulted

part has been destroj^ed and only the faulted part preserv^ed. A
somewhat complicated series of events which involves faulting and
penecontemporaneous erosion must be postulated, but nothing that

is not already known in other cases.

Thus, in regard to the White Bed, there are the following

facts :

—

(i) That the White Bed is of later date than the Red Bed, and earlier than
the AstaHe Bed.

(ii) That the White Bed is not now fonnd resting upon the Red Bed.

(iii) That the White Bed is not found separating the Red Bed from the

Astarte Bed.

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

any rate.

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

top of the Red Bed : that is, below its original position.

(vi) That it is mixed up with Bridport Sands.

(vii) That hard rocks of dates subsequent to that of the White Bed—that

is, strata of the hemerte Garantiana to zigzag—are not found associated with

broken-up masses of the Red Bed.

Next, the following inferences may be drawn :

—

(i) That the White Bed was deposited discontinuously on a surface of the

Bridport Sands to the east, but with fair continuity on the surface of the Red
Bed to the Avest.

(ii) That the White Bed is a deposit of slow accumula':ion, laid down under

conditions similar to those of the lithographic stone of the Watton Bed.

(iii) That the White Bed deposited on the Bridport Sands must have been

protected from the denuding agency.

(iy) That the preservation of the White Bed is apparently due to a small

syncline in the Bridport Sands.

(v) That the White Bed was removed from the top of the Red Bed before

the commencement of the deposition of the Astarte Bed.

(vi) That the hard rocks of the strata of hemerse Garantiana to zigzag

must have been either not deposited on the top of the White Bed of the

Bridport-Sands tract, or, if deposited, they must have been completely re-

moved again, otherwise they would be found associated with fallen blocks

of the White Bed.

(vii) That non-deposition of these strata on the top of the White Bed
would mean the elevation of the sand tract above the water, and would there-

fore expose it to denudation, which would bring about the total loss of the

White Bed.

(viii) That deposition of these strata on the White Bed is a necessary

supposition ; but that this requires a postulate as to their subsequent removal.

(ix) That it is necessary to suppose that a soft rock easily yielding to

denudation—a rock like the clays of the Fuller's Earth—was the immediate

covering of the White Bed at the time when faulting occurred, as such a rock

could easily disappear from the face of the White Bed A\-ithout leaving any
traces. ,

i
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To account for these facts and inferences, the following history

of events may be suggested. Diagram 11 (I-Y), pp. 424-25,

which illustrates the different events is merely a slvetch, only

approximately to scale. Vertical scales are, of course, greatly

exaggerated in relation to horizontal:

—

(i) Towards the end of the deposition of the Red Bed there was elevation

of the tract of Bridport Sands on the east.

(ii) There was denudation of this tract, and then the White Bed was
deposited on a surface consisting of Red Bed in the west, passing across strata

down to Bridport Sands in the east (I in diagram 11).

(iii) Subsequent to the deposition of the White Bed, and before the deposi-

tion of the Astarte Bed, there was a renewed elevation of the Bridport Sands.

Then there was denudation of the White Bed and its complete removal oft"

the Red Bed, but its preservation in the Bridport-Sand area in a small fold

east of the anticlinal axis (II in diagram 11).

(iv) Following this was the deposition of the Astarte to zigzag strata non-

sequentially upon the various denuded surfaces (II).

(v) Renewed elevation of the Bridport-Sand tract came next, with a denu-

dation which removed from that tract all the zigzag to Astarte-'Bed strata

and possibly some more of the White Bed ; because the supposition that the

later denudation should cease at the same place as the earlier makes too much
demand upon coincidence (III in diagram 11).

(vi) On such a denuded area Fuller's Earth was deposited (III).

(vii)^ At some date subsequent to the deposition of the Fuller's Earth

—

perhaps at the same date as the faulting in Watton Clift'—the strata of the

Bridport-Sand tract bearing the White Bed were let down considerably, and
at as steep an angle as are the Junction-Bed and Fuller's Earth of the faults

in Watton Cliff.

(viii) That the soft Fuller's Earth would be rapidly removed, and would
then leave the White Bed exposed. IV (diagram 11) gives a view of this

condition of affairs, in profile at right angles to the supposed fault-face, the

elevation of the rocks inland being of course greatly exaggerated in relation

to the horizontal scale, and V gives a picture of the same looking on to the

fault-face, omitting the rocks which lie directly inland, but showing those of

the cliff which lie to the westward. In this case it should be noted that

really, from the fault westwards along the cliff to where the Fuller's Earth is

l^reserved, is a distance of about half a mile.

(ix) While the White Bed was being eroded from the surface of the Red
Bed, there is the possibility that portions of it may have been broken off and
cemented on to the top of the Red Bed with ground-up paste of the Red Bed

;

and there is always the possibility that pockets of the White Bed may yet be
found in hollows of the Red Bed. A recent discovery of a possible White-
Bed block in the Astarte Bed will be noticed presently.

This theory of the course of events is, at any rate, superior to the

percolation theory, in that it does not commence with an incorrect

assumption as to the facts. The only real call that it makes on

probability is in postulating two elevations and erosions, the second

elevation being so adjusted that all the hard rocks of Garanfiana
to zigzag hemerae are removed froiTi the surface of the White
Bed, but that some portion of the White Bed is left intact. Yet
this is only asking for a phenomenon on a small scale, such as is

exhibited on a large scale over a considerable area of the Cottes-

wolds. There the strata which intervene between those of hrad-

fordensls aiid Garanfiana hemene were deposited after a period of
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elevation and erosion, _yet prior to another period of elevation and
erosion. The second erosion obliterated all these intervening strata

from certain places, yet was so adjusted that they were jDreserved

in other places. But the latest bed of all is only preserved over a

rather limited area— Cleeve Hill,—and strata which ought to follow

on this bed, preceding those of Garanfiana hemera, have been
completely destroyed.

It is not necessary to assume that a fault was present until the

date which let down the White Bed to its present position—long

after FuUer's-Earth date presumably.^ All that need be assumed
is a gentle fold bringing Bridport Sands first to the level of the

Red Bed, and then to the level of the Zigzag Bed : the actual anti-

clinal axis being about on the present line of fault, which would
give a syncline just beyond it sufficient to let in the White Bed.
We do not know how thick the White Bed was originally. Say

that there is now some 2 or 3 feet of it preserved. It may have
been deposited to a thickness of 20 feet, of which only this small

portion is preserved, and that by an accident. It is true that

the other Inferior-Oolite rocks of Burton Bradstock are quite

thin ; but this is no measure of their original thickness—it is

the result of the constant denudation that they underwent, being

removed almost as fast as they were deposited. Some of them
thicken considerably only a short distance inland—awa}^ from the

axis of the Weymouth Anticline.

For instance, at Vetney (Vinney) Cross, which lies about 3 miles

north-east by north of Burton Bradstock (or about 8 miles from
the axis of the Weymouth Anticline), the Garantiana Bed is

18 inches thick as against 4 inches at Burton or an increase of

44 times, while the truellei bed is about 6 feet as against less

than 2 feet at Burton; this, however, is not the full thickness,

for really the deposit of 6 feet corresponds to about the lower

6 inches of the Burton truellei bed, or an increase of 12 times

as much. Then at Nettlecomb, near Powerstock Station (about

5 miles north-north-east of Burton Bradstock), a rather poorly-

fossiliferous quarry shows some 20 feet of schloenhachi deposit,

as against less than 5 feet at Burton; and yet there is no sign

of the subjacent or superjacent beds, either in the quarry or in

the stones of the fields around.

We speak of the sequence hlagdeni, niortense, Garantiana
;

but we have no certainty that this is the complete sequence.

It may be that, between the hemerse niortense and Garantiana^

strata were deposited of which no trace has yet been discovered.

^

^ The Forest Marble of Watton Cliff contains pebbles of a White-Bed
matrix. It is an interesting speculation whether these have been derived

from destruction of the Burton or from that of the Watton White Bed. They
appear to be rather too soft for either ; but this is a case where chemical

analysis might yield some evidence,
-' The most likely place in this country for such a discovery is near Sherborne

(Dorset), in the neighbourhood of the quarries of Frogden and Lower Clat-

combe. Seeing how little distance at Burton Bradstock is required to bring

in a bed not found in the other neighbouring sections, there is no telling what
an excavation at 100 or 200 yards in certain directions near Sherborne might

not reveal. This subject may be more fully worked out in a later paper.
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It is fairly certain that, when the fauna of the strata now dated
as niortense are submitted to analysis, several episodes will be

found covered by the one name—deposits of one episode have
been preserved at one place, and those of others in other places.

And yet the sequence may not be complete.

These remarks are made to show that, on theoretical grounds,

there is reason to claim plenty of time between the dates of the

deposition of the lied Bed and the Astarte Bed for the various

events of elevation, denudation, deposition, to have occurred even

in repetition. And there is actual evidence in support : in the

Hebrides, according to the researches of Dr. Gr. W. Lee, some
70 feet of strata separate deposits which are respectively the

equivalents of the Ked Bed and the Astarte Bed. Unfortu-
natel}", they are unfossiliferous, and so their dating as niortense

rests only on the fact that they are between hlagdeni and
Garantiana hemerse. Then in the Sherborne district there are

poorly fossiliferous strata—the Building-Stones—which are post-

niortense : they are reckoned as belonging to the Garantiana
hemera, and so is the Astarte Bed of Burton Bradstock ; but that

they are strictly contemporaneous is possibly doubtful—the various

Garantiana-Yike forms in the two deposits show certain differences,

and therefore, at any rate, the species are not altogether identical.

Possibly the Astarte Bed is, in part at least, of somewhat earlier

date than the Building- Stone of Sherborne ; but it is unadvisable

to speak positivel}^ on this point, until the Garantiana -like forms
can be worked out in detail—a long task with such a mass of

material as the strata yield.

The point to be emphasized is the necessity of knowing whether
our chronological datum-lines are strictly contemporaneous ; because,

as it is onl}^ possible to estimate time by the amount of work per-

formed during stated periods, it is necessary to be certain that the

periods are identical. For instance, was the thickness of 70 feet

in the Hebrides laid down only prior to the Building-Stone of

Sherborne, or was it laid down prior to the Astarte Bed of Burton,

or, as is possible, was it laid down even prior to the White Bed of

Burton ? These possible differences make considerable difference

to the time-estimate ; for, in the last case, the 70 feet represent

work done in a time-interval between the Bed Bed and the White
Bed, which w^as a period of upheaval and erosion at Burton ; then

between the Bed Bed and the Astarte Bed, which reposes upon it,

one could place a time-interval represented by work done in

depositing 70 feet in the Hebrides, and, in addition, an unknown
original thickness of White Bed. It is rather interesting to note

that the White Bed, which is the sole representative at Burton of

the time-interval between the Bed Bed and the Astarte Bed,
should not be found separating them, and has only been preserved

by an accident.

Bearing on the remarks about the possible original thickness of

the White-Bed deposit, there is this to be said further: in the

Sherborne district the -pve- Garantiana zones of the Inferior

Q. J. a. S. 'No. 312. 2 G
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Oolite are tliin deposits, averaging about a foot or so. but the

Garantiana deposit is a thick one—running u^) to 40 or 50 feet,

perhaps more. The paucity of fossils accounts for such horizons

as there may be not being followed out in the different quarries of

Building-Stone, for these quarries may be really on various levels

—

if so, the thickness would be much greater. Therefore, a sm'mise

of a possible 20-foot deposit for the original White Bed is not

necessarily a gross overestimate.

It is interesting to note that these lithographic -stone beds of the

Yeovilian of AVatton Cliff and of the late Bajocian of Burton
Bradstock have a srreat likeness to the Continental strata termed
White Jura, diphya-k?Cik or Alpenkalk, which form so conspi-

cuous a feature of the ITpper Jurassic over wide areas. It has,

before now, been claimed for this country that its special geological

interest lies in the fact that, small though its area be, yet it con-

tains strata so fully representative as regards all the different dates

and all the different structures. Yet it is correct, I think, to say

that before the date of my discovery of the lithographic stone of

Burton, it showed nothing to compare with strata laid down under
those conditions which produced the Alpenkalk. Xow. however,

the Watton Cliff discovery adds another representative of such

conditions—a deposit made at a still earlier date : so it is now
unnecessary to travel outside England to obtain samples of strata

like those of the Alpenkalk. And there will be this additional

interest attached to them, that these beds of Watton Cliff and
Burton indicate Alpenkalk conditions of deposition prevailing

in Western Europe long prior to the date when they held good in

Cent]-al Em-ope.^ How long these conditions endm*ed in the

English cases, and what respective thicknesses of strata were laid

down, can only be matters of surmise ; for penecontempoi-aneous

erosion has removed so much, and caiue near to removing all. How
wide an area was occupied by such deposits is also matter for

surmise—they may have spread far over the area now occupied

by the English Channel. Some parts of the deposits may now
lie buried beneath its waters, other parts of them have certainly

been destroyed by those waters. Only a very few cubic yards of

deposit in the Burton case are now left available for investigation.

In the case of the earlier deposit, there may be a good deal more.
There is certainly not much in Watton Hill itself : for the bed is

cut off on the south by the Watton Fault, and on the west, north,

and east by the landward slope. There is, perhaps, no more than
an area of some 250 to 300 square yards preserved. But this ^Tiite

Bed has been detected in Shipton Long Lane. Bothenhampton—say,

about three-quarters of a mile inland from the east-and-west line

of Evpe—and there is a possibility that it can be found fai-ther

inland, as around Allington Hill.

^ Mr. J. "W. Tutcher rightly dra-vrs my attention to the Sun-Bed in the
"White Lias of the Eadstock-Bristol district as being an earlier deposit of

similar character. Therefore in the South-West of England there was a
threefold repetition of this kind of rock.
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Now, Bothenhampton is some 7 miles from the main anticlinal

.axis of the Weymouth Anticline. If it be a legitimate sm-mise that

the conditions producing Alpenkalk extended as far south of the

.axis of the anticline as the}'' do north of it, then a north-to-south

.stretch of the White Bed was some 14 miles. To put the east-to-

west stretch at the same distance would be reasonable : this would
give nearly 200 square miles of area as the original extent of

White-Bed deposit. To put the east-to-west stretch at some three

times the distance would not be reall}^ so very unreasonable : this

would imply some 600 square miles of area—by no means an incon-

siderable extent.

The exploration north of Bridport of what is marked as the

contact-line between Lias Marlstone (G 2) and Lias Sand (Gr4)

would certainly be desirable, as giving a chance of finding further

evidence of the Yeovilian White Bed. But there is little chance

of exploration in such an area giving more evidence for the Burton
White Bed, as there are plenty of quarries opened at the necessary

horizon and they have received much attention. However large

ma}^ have been the surface over which the Burton White Bed was
deposited, it seems unforfcunatel}^ to be only too true that it has

been wholly removed from all that area. If such removal did

not wholly take place, as at Burton Bradstock, prior to the

deposition of the Garantiana Bed, it was accomplished later, when
it shared the fate which in some localities was meted out to

the Garantiana or subsequent deposits. But there is reason to

suppose that the main accomplishment of its destruction was a

;pre-(x«^•«;^^'^V^i/i« episode, for, unlike the strata of nioriense date

which are preserved only at a few isolated localities, the strata of

Garantiana date have a remarkably wide sj^read.

An observation made at the Black Bocks, west of West Bay, tends

to confirm the theory that the White Bed was an original stratified

deposit, broken up and redeposited later, where it was not preserved

by being let down in the fault. At the Black Rocks, about the

middle, close to the beach of pebbles, was found a big block (dia-

gram 12, p. 430)—4 feet long, 18 inches broad and 26 inches thick

—consisting of the Astarte-^Q(\. (^Garantiana) matrix, recog-

nizable by its lithic characters and the great number of various

fossils shown in section. About in its middle it carries a large

mass (1 foot thick), extending rather beyond the length and
breadth of the block, because of its superior hardness. This mass
is a very compact, close-grained, grey rock, apparently quite un-

fossiliferous. It differs from all other local Inferior-Oolite rocks

•except the White Bed ; that it resembles in texture, hardness, and
paucity (if not absence) of fossils. In colour it differs some-

what, but not more, perhaps, than the difference of locality

—

it is nearly 2| miles from the Burton White Bed—might explain.

It certainly seems as if this included mass might be a local

portion of the White or Nautilus Bed redeposited in the Astarte

Bed. If such be the case, then, as the Black Ilocks lie at the

foot of Watton Cliff, we should have evidence of the second

White Bed deposited in the same locality as the first.

2 G 2
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Mr. Eicharclson says with regard to the Burton "White Bed :

' the very white aspect o£ the stone was due to weathering of the

surface.' ^ This is not my experience—the true lithographic

stone is beautifully white, inside as well as outside.

The Black Bocks which lie out to sea immediateh'' west of the

first fault from West Ba}^, should repay investigation. Hitherto

they seem to have been neglected ; but this may be due to the

fact that thej^ are inaccessible, except during certain low tides.

It was only dviring my last visit to Ej'pe (1920) that I found

them sufficiently uncovered for a short examination, which en-

abled me to collect certain specimens, indicative of the Astarte-

Bed {^Garaniicnui) of Burton Bradstock, from some masses well

Diagram 12.— One of ilie Blaclc liocJiS (Dorset).

A = Ironshot fossiliferoiis (Garantiana) rock.

B = Very hard, fine-grained grey rock (White Bed equivalent).

C = Ironshot, like the hard portion of the Vetney Cross Astaiie Bed
(Garcnitiana).

off shore, but iust landward of the bis: rock. At mv next visit at

low tide these rocks were not accessible ; but, nearer the beach
and among the shingle of the beach, were found certain blocks

which could be recognized as scission bed. Bed Bed, scliJcenhacln

and zigzag beds, besides the mass of Astarte Bed just mentioned.
At certain states of the shingle these beds are buried ; but, given^

favourable conditions of tide and shingle, the Black Rocks should_

yield a good harvest. However, heav}'' tools are a necessit}^

To return for a moment to the niortense bed : there is reason

to suppose that this bed was originally of Avide geographical

extent—possibly from the Hebrides to Italy and the Carpathians,

certainly from Sherborne (Dorset) through France to Wlirtemberg..

But, although it was originallj^ deposited over so vast an area, the

bed is now preserved only at a few widely-distant localities and is.

lacking from intermediate areas—much of it was wholly destroyed.

1 IX, 2, p. 56.
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prior to the deposition of strata of the Garaiitiana hemera, much
of what may have escaped that destruction perished in later

erosions along with the whole of the Inferior Oolite. I have made
a rough calculation that possibl}^ not 1 part in 30,000 of the bed
as originally deposited has been preserved. I do not pledge mj^self

to the figures ; they may be thought to be an under-estimate, but
there is also reason to think that they may be an over-estimate.

But to give an idea of what such destruction means : there are

about 30,000 post-offices in the British Isles enumerated in the

Postal Guide. If we were to destroy all these names but that

of Sherborne (Dorset), we should thereby obtain a picture of the

destruction of the niortense bed. Then consider how small a part

a quarr}?- or two forms of the preserved portion, and that, when
such quarries are in work, many years may pass without anyone
visiting them. On such a basis, it is easy to understand that the

collected material may form no more than one part in a million

of the entombed originals.

Which deposit of the Jurassic hemerse has suffered the most in

regard to destruction may be a matter for future research, but the

Qiiortense bed will, I expect, be one of those which make the

greatest claim to such distinction. It is not proposed to enter

into details on this subject here—the accumulation of evidence is

no light task ; but it is hoped to initiate in a sequel to this paper

a geographical enquiry as to the original extent of the niortense

bed and as to its present preservation, which may fit in suitably

wdth some other geographical studies suggested by stratal and
faunal ^^henomena of the rocks to be dealt with in that sequel.

V. Ceetain Cheo^ological Studies.

(A) Milborne Wick and the Green-grained Marl.

In the Table ^ of his paper on the Doulting-Milborne-Port
district, Mr. Linsdall Richardson places opposite hiagdeni hemera,

and under Milborne Wick, the following ' Marl with green grains,

S. S. Buckman.' The placing of it within inverted commas makes
it appear like a statement taken from my paper,^ or given on my
authority. But this is incorrect : reference to my section of

Milborne Wick will show that I divided the beds in more detail

than did Mr. Richardson. I recorded

Himiphriesiani. 2. Soft white chalky limestone, 4 inches.

[hiagdeni^.

3. Grey limestone with iron grains, 6 inches.

sauzei. 4. White limestone, 6 inches.

5. [Soft limestone] speckled with green grains. Astarte

spissa.

Here I have said nothing about any green grains in the limestone

of hiagdeni hemera : at the top that is white, without coloured

1 IX, 3, facing p. 518. 2 j^ 3^ p_ 502.
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grains, lower it Las grains which are noticeably pink ; at a still

.

lower level, which I dated as sauzei^ are the green grains.

The point is of considerable importance for dating specimens.-

In the 'seventies (at the time, I understand, when the road-cutting-

was made at Milborne Wick), \evy extensive collections of fossils-

were obtained from this place : many are in my collection, and it is-

rare to see a public or private collection without noting fossils-

which have the characteristic Milborne-Wick matrices. If my
observations are correct, the lithic differences afford a means of

ascertaining the sequence of these fossils. I have examined many
ammonites in m}^ collection, and they certainly tend to confirm

this opinion. The very common fossil of the hlagdeni zone is

Po&cilomorplius cycJoides—common, because the name really covers

a multitude of different forms; but Mr. Eichardson does not

mention this species.

Not onl}^ is he incorrect in citing m}'' authority for this dating o£

the marl with green grains ; but I think that he may be incorrect

in his dating of the beds which he saw. My ' Bed 2 ' is given by
me as 4 inches thick, and Beds 3 & 4, as 1 foot, total = 16 inches.

Mr. Bichardson's Beds 2 to 4 total 13 inches. So on that basis he-

may have hit a place Avhere Bed 2 Avas only 1 inch thick. But
there is a lack of 14 inches in the rest of his section—under Bed 6.

I think it possible that \Yhere he took his section he saw, at the

top. Bed 5—where I noted the green grains—with just some small

portions of the bigher beds and their fossils in more or less derived

condition mixed up with the disturbed green-grained marl. This

point might be settled by an examination of the matrix inside
the fossils, not that outside.

There are two further points for consideration :

—

That in this section local removal of the beds below the non-

sequence—Beds 2-Ai—is possible, with the corollary that, at

favourable places. Bed 2 may be thicker than is recorded in my
section ; and that there may be local variation in the thickness of

any of the beds. Therefore, if Mr. Richardson found green-grained

rock at the top of the section, whereas I found it at 10 inches below,,

the explanation maybe local thickening at the top of Bed 5 and/or

local denudation.

One point I would add about this section, from examination of

ammonites from old collections—specimens of IVitcJieJJia show a

matrix with green grains and Asfarte sjnssa ; wherefore it is

possible that the top of Bed 5 should be reckoned as 7FzYc/^(°///«

and not as sauzei, as it is in my paper.^ Actuall}^ I cannot recollect

^ any example of ^Ammonites sauzei'' (Ofoites) from Milborne
Wick. The species ' Spliceroceras perexpansum'' (Lahyrintlio-

ceras) - cited for Bed 4 may really indicate a somewhat different

date. But whether just before or just after cannot be said 3"et : this,

is a matter possibly to be considered in future faunal analyses.

1 I, 3, p. 503.
^'

I, 8, pt. 19, jdIs. cxxxiv & cxxxy.
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(B) Haselbury and Hammatoceraticls.

In his paper on the Crewkerne district ^ Mr. Linsdall Richardson
reproduces W, H. Hudleston's profile ^ of the now disused quarry

near the church of Haselbur}^ When he was preparing his paper

he asked m}^ opinion as to the possible date of Bed 3 : at that time

I could only suggest Iradfordensis hemera, adding, however, that

I did not recollect any hradfordensis specimens from Haselbury.
Since then the possible solution of the date has occurred to me.
The keeled ammonites which Hudleston mentions from this Bed 3

are perhaps represented by the species of Hammatoceras and
Mrycifes, which have been obtained from Haselbury and the

immediate neighbourhood

—

H. cf. j)Ianinsigne Vacek and Erycites

afl:. gonionotum (Benecke) : similar forms have been figured by
Vacek 3 & De G-regorio^ from the strata at Cape San Vigilio, Lago
di Garda (Ital}'-).

In the Bradt'ord-Abbas district occur many species of these two
genera^ : they have come from strata mainly dated as murcliisoncB

hemera, though partly or occasionally as hradfordensis. But, when
faunal analysis comes to be applied, it is seen that the synchroni-

zation of such species with murclusoncB (that is, the Ludwigoids),

on the one hand, or with hradfordensis (that is, Brasilia spp.),

on the other, becomes rather doubtful. At the Italian locality

are few or no species that can be properly reckoned as either

Ludwigoids ^ or Brasilia, but Hammatoceratids are abundant.

In the Hebrides the Ludwigoids are especially abundant, but the

Hammatoceratids are unknown. In Dorset-Somerset Ludwigoids
associated with the characteristic brachiopod, the so-called

Waldheimia anglica, are of fairly wide distribution and not

uncommon, but Hammatoceratids are localized and particularly

rare. At Haselbury both Ludwigoids and Hammatocerata are

rare, for the quarry was not a productive one so far as ammonites
are concerned ; but Hudleston notices for Bed 4 Ammonites
murchisonce and JVaJdheimia anglica, and for Bed 3 he records

keeled ammonites : evidently they were unfamiliar to him—had
they been of murcliisoncB or concavus (that is, hradfordensis) type,

1 IX, 4, p. 165. 2 Yi^ p^ 41^
3 XL 4 lY. 5 I i^ p, 661.
^ So far as the tiudwigoids are concerned, this statement may seem

particularly rash, for De Gregorio says (IV, p. 11) ' Ij'Harpoceras Murcliisonae

est tres-commun a S. Vigilio, et c'est une des especes les plus caracteristiques

de cette fanne.' This illustrates the necessity for precision in palaeontological

identification. The specimens which he figures (IV, pi. iii) as Harpoceras
murchisonx with various qualifying terms show no species agreeing strictly

with Ammonites murchisonse itself, possibly no Ludwigoids at all, certainly

not the murchisonse fauna of the Hebrides nor of Dorset-Somerset, nor of other

areas ; while the list of species of widely different dates which he gives as

possible varieties or mutations of A. '^nurcliisonae shpw how greatly outward
similarity may mislead. His Harpoceras m,v,rcliisonee includes a variety of

types, some indicative of Ancolioceras date and perhaps of earlier hemerae, some
more or less suggestive of hradfordensis date, some perchance indicative of

strata of even later dates.
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it may be presumed that he would have appended some less general

term.

On the assumption that at Haselbury the Hammatocerata
occupy a higher bed, and are of later date than the Ludwigoids,

which would lead to a theory of a Hammatocerate-Erycite horizon

as distinct, that is, of later date than that of Ludwigoids, tlie facts

of distribution could be explained. In Italy strata of murcliisoncB

hemera are absent or only represented in part, but those of a

Hainmatocerate-Erycite hemera are present. In the Hebrides, the

former was very conspicuous, but there is as yet no evidence for

the latter. In Dorset-Somerset the strata of the murcliisonce

hemera are developed over a wide area ; but those of the Hammato-
cerate date are wholly destroyed in some places, and partly removed
in others. At Haselbury a bed assumed to be that of Hammato-
cerate date is preserved in sufficient thickness to attract attention

as a deposit superior to that yielding ' Ammo7iites murcliisonce'

More analysis on these ines may suitably come later, and will

be of greater value if and when some of the species of Hammato-
cerates can be figured. But, meanwhile, it may be advisable to

consider the possibility of a Hammatocerate-Erycite date, as inter-

mediate between those of murcliisoncE and hradfordensis, and to

date Bed 3 of Haselbury in Hudleston's (and Mr. Richardson's)

communications as Hammatocerate-Erycite? rather than as ''hrad-

fordensis?
'

The Cotteswold evidence seems in favour of this view. There
between the Pea G-rit {miircliisonce hemera) and Oolite Marl
{hradfordensis) is a thick mass of poorly fossiliferous, perhaps

non-ammonitiferous freestone Avith a more or less eroded surface

:

this deposit, in part at any rate, and the subsequent erosion

(prior to hradfordensis) would mark the time required for laying

down a Hammatocerate-Erycite stratum in other areas.

A short record of the chronological succession and geographical

•occurrences of some of the principal Hammatoceratid forms shows
-the faunal repetition and the limited extent—in some areas

—

over which the particular strata have been preserved : it is the

earliest of these horizons that has come so much into discussion

in connexion with the Watton Bed (see p. 387).

Table V

—

Hammatoceratids : Cheonological Succession and
Geographical Occuhrence.

Interv^eniiiG- hemerse omitted.

Hemerae. Fauna and Localities.

JEudmetoceras. JEudmetoceras spp.^, Euaptetoceras.^

[disciteslconcava]. Bradford Abbas district; Beaminster district

(Dorset) ; Lago di Garda (Italy).

' Hammatocerate '-Er^xite. ' Hammafoceras,' JEri/cites,.AbhasHes,^ Amhersites?

{hradfordensisjmurchisoncB]. Dorset and Somerset ; Normandy; Lago di Garda :

Lombardy (Italy) ; Monte Grappa (Italj') ;

Bakony (Hungary).

1 I, 8, pis. clxxix, clxxx, ccxcix. 2 i^ g, pi. ccxxxvi. 3 i^ g, pi. ccxxxvii.
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Hemeree. Fauna and JLocalities.

scissum. Sredi/la spp.

\_Ancolioceraslopaliniforme]. Burton Bradstock (Dorset) ; Cotteswolds (Gloucester-

sliirft) in the Sandy Ferruginous Limestone;
Normandy ; Rhone Basin ?

Hammatoceras {insigne). Watton Cliff, Eype (Dorset), Junction-Bed; Cole

\_Dumortierialdispansum']. (Somerset), Bruton Sands ; Cotteswolds, Cepha-

lopod_Bed ; widespread on the Continent.

VI. A Pal.eontological Note—Tetrarhynchia
7H0RNC0MBJENSIS, 110111. nOV.

J. F. Walker identified specimens of this characteristic fossil

from the Thorncombe hed as his JRliynclioneUa nortliamptonensis,

and it is presumably the same form from the same deposit at

North Allington, near Bridport, that he called ^ Mhynchonella
tetraliedra^ var. nortliainptonensis.'' ^ But the Thorncombe form
certainly is not the same species as that from Northampton shire, ^

for that has clean-cut, sharp ribs ; whereas the Thorncombe fossil

has blunt, somewhat rounded-off ribs, and has a general smoothed-
ofE appearance. As the two forms are certainly not contemjDoraries,

as the Thorncombe fossil marks a particularly distinctive horizon

on the Dorset coast, and as it has been frequently necessary to cite

the name, it seems preferable to give it a distinct appellation rather

than to perpetuate one which will require changing. I have
selected a type to be figured in the proposed palaeontological

sequel to this paper, where it is also hoped to figure and describe

various ammonites and brachiopods, which have special bearing on

the chronology of Lias-Oolite rocks as well as giving evidence for

widespread dejDOsition of certain deposits.
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Appendix I

—

Sections of the Ju^x'tiox-Bed axd CoxxiGUors.
Deposits. Bj James Feedeeick Jacksox.

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

(]) Introduction.

Mj^ acquaintance with the Junction-Bed dates from 1912 ; and^

in the course of a number of visits to the sections between that

date and 1920, several interesting facts bearing on the stratigraphy

and palseontology of the bed have come under observation. Some
of these facts appear to be new, and others, while not strictly new,

have proved to possess a greater significance than had previously-

been recognized.

(2) .Characters of the Junction-Bed (Western Cliffs).

In 1910 Mr. Buclanan ^ recognized six separate layers in the

Junction-Bed, and referred them to the hemerse striatiihim, lilli(?),

hifrons, fcdciferum, and spinatum. Day's ' Pleurotomaria Bed'
was not certainly identified. I have now noted, in addition to

the above subdivisions : (i) a lenticular development of clay (0)
between the faJciferum and spinatum layers at Down Cliffs;.

^ ' Certain Jurassic (Lias-Oolite) Strata of Sonth Dorset, & their Corre-

lation ' Q. J. G. S. vol. Ixvi (1910) pp. 57 et seqq.
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(ii) a thin ferruginous layer (N) with Harpoceraioides spp. below
the limestones of t\\e falciferum layer at Thorncombe Beacon

;

and (iii) a marly laj^er (NJ at the top of the serrata bed, also at

Thorncombe Beacon.

The blue sandy ' Upper Lias ' claj'-s everywhere rest non-

sequentially upon the limestones of the Junction-Bed with a

remarkably sharp line of division ; and, owing to the impersistence

of the several layers of the Junction-Bed, the clays may rest upon
any layer from tlie striatiihim to the falciferum zone. Usually,

the basal 6 to 12 inches of the clays become more sand}^ and
ferruginous tlian the main mass above, and this lower portion

contains a good many coarse-ribbed Dumortierias in the condition

of friable casts—mostly too rotten to be preserved. A long

slender Belemnites sp. occurs, but is uncommon.
The lithic character of the striatnlum laj^er varies much. In

parts it is a hard, rubbly, greyish-yellow limestone ; in other

sections it is a soft earthy marl, with harder lumps and man}'-

limonitic nodules and rolled fossils in a perished condition. At
the base is a very thin, impersistent seam of dense laminated
limestone showing an obscure mammillated structure, suggestive of
* Gotham Marble.' Whenever the top of the striatulum layer cans

be examined in situ, it supplies plain evidence of long-continued

quiet erosion, prior to the deposition of the ' Upper Liassic ' clays,,

being planed off: perfectly level and displaying ammonites in sec-

tion—the lower or embedded side well preserved, the upper-

removed b}^ the erosion. From a fallen block below Down Clift' I

collected a large alticarinate Havgia, 5322 ^ ^Esericeras aff. eseri

(Oppel), more umbilicate], almost as accurately cut through as if

sliced on a lapidary's wdieel : tlie erosion has removed the shell

down to within a few millimetres of the thin high keel almost
equally around the greater portion of the circumference of the

shell. The striatulum l^eiyev reposes upon the smoothed top of

the hifrons layer with a well-marked plane of division, but

in perfect conformity. There is no obvious indication of the
extensive non-sequence known to exist—a good illustration of the
kind of deceptive conformity that has led to so manj^ under-

estimates of the importance and real time-value of attenuated

deposits.

The hifrons layer is a hard tough limestone, usually mottled

pinkish-3''ellow and red. Sometimes the stone is Avholly fine-

grained and massive
;
generally it abounds in pebbles of a similar

rock, together with derived Hildoceras hifrons J^ The derived

ammonites are often reduced to mere limonitic pebbles showing
traces of the sutures, etc. Unworn examples of H. hifrons occur

among the redeposited specimens. The upper 2 or 3 inches of the

hifrons layer is a greyish-yellow rubbly limestone, abounding in

small specimens of TI. aff. hifrons and DactyJioceras cf . commune ;

^ These numerals refer to my register of specimens.
- Trivial names of species are used sen>iU Into.
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two or three species of small, thick-ribbed, involute Dactyloids

are not uncommon. The hifrons layer is separated into two
or three minor seams by impersistent planes of erosion, and occa-

sionally the ammonites subjacent to these planes are in a similar

condition to those at the top of the striatidum layer. Some of

the ammonites are embedded in a vertical or highly inclined

position, and in one or two instances which came under my obser-

vation the ammonite was seen to be truncated by a plane of

erosion : a portion having been removed while the remainder con-

tinued firmly fixed in the rock, which must have been completely

consolidated previous to the erosion. The division between the

hifrons Rndfalciferiun layers is often rather obscure, and falsely

suggestive of a passage.

The fedcifem I'll layer is a very hard tough limestone of a

yellowish-pink colour, often mottled with red blotches ; occasionally

it is rather greenish. Sometimes the rock is fine-grained and
compact ; more often it is his?hlv cono-lomeratic, containing

broken and rolled Harpocerata and pebbles of a similar limestone.

As in the hifrons layer, there are minor layers separated by planes

of erosion. Apart from Hcrrpoceras fdciferum. fossils are un-

common, and all are very difficult to extract on account of the

intense hardness of the stone.

Tlhe falciferuui layer frequently rests directly upon a planed-off

surface of ' marlstone," but in places it appears to be transitional

from a thin, earthy, ferruginous seam with JPleurotomaricB and
other gastropods—presumably the * Pleurotomaria Bed' of Day.^

That writer's description is so vague that it is difficult to

determine whether he considered the '^ Pleurotomaria Bed" to be a

separate layer at the base of the "'Upper Lias' limestones, or merely
the highest portion of the ' marlstone." Mr. Buckman has observed

an impersistent seam with nests of JPIeurotomaricB at the tojD

of the lower or spinafuni layer of 'marlstone.' Avhich he considers

to be the true ' Pleurofomaria Bed." I have not noticed any
very definite ' JPIeurotomaria. Bed." although JPIeurofomarice are

faiidy common in the serraia bed and rare in the main mass of

the lower or spinatum layer. It is, perhaps, doubtful whether
there is any particular horizon es^^ecially entitled to the term
* Pleurofoniaria Bed.'

At Down Cliff a lenticular deposit of clay intervenes between

t\\(d fcdciferum layer and the 'marlstone': but, since no fossils

were obtained, it is impossible to say anything as to the exact

date of this clay-band. The occm-rence of a lenticle of clay

within the Junction-Bed is notewoiiihy.

The spincdum layer or 'marlstone,' when fully developed, is

divisible into two seams. The upper, Mr. Buckman"s serrata bed,

is usuallv a fine-grained oolitic limestone with a rich assemblao-e

of well-preserved fossils : occasionally it is conglomeratic. The

' ' On the Middle & Upper Lias of the Dorsetshire Coast ' Q. J. G. S.

Tol. xix (1863) p. 288.
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lower portion of the ' marlstone ' is a harder and much coarser

rock, and is often highly conglomeratic. Most of the pebhles are

made up of a similar coarse ' marlstone '

; but pieces of a compact

blue limestone and micaceous sandstone occur. Many large flat

pebbles are thickly encrusted with a small Serpula and riddled by
LitJiopJiar/us horiugs, the shells sometimes remaining in the crypts.

There does not appear to be any definite line of division between

the two layers of ' marlstone.' The base of the ' marlstone ' is

alwaj'^s highly irregular, on account of the presence of large

branching and tubei'ous concretions of calcareous micaceous sand-

stone. The ' marlstone ' rests upon an impersistent stratum of

blue sandy clay, or directly upon the underlying Yellow Sands.

(3) Details of Sections (Western Cliflfs).

I think that it will be convenient to describe the sections from;

Down Cliff to Thorncombe Beacon before dealing with the ex-

posure at Watton Clift, east of Eypesmouth, which exhibits so

remarkably abnormal a facies as to call for special consideration.

The following scheme of lettering of the several la3^ers of the

Junction-Bed and the contiguous deposits will be utilized through-
out the sections to be described below :

—

Scheme of Lettering.

lilli C?J K.
hifrons L.

falciferum M..

'pve-falcifemm N.
clay within Junction-Bed O.
serrata P.

Pleurotomaria (?) Q.,

spinatuin R.
clay below Junction-Bed S.

yellow sands T.

D^imortieria

Hammatoceras
dispansum
struchnanni
pedicum

A.
< B.

C.

D.
E.

F.

G.

eseri ... ... H.
striatulu'in I.

variabilis J.

thorncomhiensis U.

Section I

—

The Junction-Bed and Contiguous Deposits, measuked
hi situ NEAR THE WESTERN EnD OE DoWN CxIFF.

Hemerae.
Dumortierice.

Lilli ?—
JBifrons.

'Falciferum.

Syinattim.

Strata and Fauna.
A + B. Blue sandy 'Upper Lias' clay. Coarse-ribbed

Dumortierice.
Impersistent irony scale.

K-fL. Pale conglomeratic limestone, with a very
smooth top.

midoceras bifrons, Dactylioceras cf, com-
mune, Wiynchoyiella.

[5217, a fissicostate Rhynclionellid, gen. et

sp. nov. ; 5211 a, Stohnorhynchia cf. bothen-
hamptonensis (Walker) ; 5211 b, St. cf. bou-
chardl (Davidson), but with too strong a

fold.]

Faintly-marked parting,

M. Yellowish limestone with red blotches.

Harpoceras falciferum, Dactylioceras sp.

R. Oolitic conglomeratic 'marlstone,' with a very
smooth top. JBelemnites spp., Fseudopecten
cequivalvis.

T. Soft, yellowish, clayej^ sands.

Feet inches

CI

2

9

7-8

6-9-
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On the coast the westernmost exposure o£ the Junction-Bed is

-near the western end of Down CUff, where the faJciferum layer

rests dii'ectlv upon the 'marlstone/ A few yards east of this

first exposure a clay-band comes in between these layers, and
continues almost to the eastern extremity of Down Cliff, where
it passes into a band of earthy marly stone. Section I shows

the sequence near the western end of Down Cliff.

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

falciferum-spinatuni clay-band reaches its maximum thickness.

Section II

—

The Jusctiox-Bed axd CoyiiGuous Deposits, measceed
in situ NEAR THE Easteex Exd of Dowx Clief.

Hemerse.

iJumoi'tierice.

Striatulum.

I
Traces ot"

pedicum and
eseri faunas '.

Strata and Fauna. Feet incJiep.

A. Blue, sandy, ' Upper Lias ' clay. Coarse-ribbed ,

DumortiericB iu friable condition ; Belemnites
j

sp.

Transitional from
B. Yellowish sand\' clay with ferruginous streaks. 1

IG +H . Grey earthy limestone, with many rotten
limouitic nodules and rolled fossils. Grammo-
ceras spp. common. Top planed oif ver3'

smooth. 2

[5317, Grammoceras aff. rtj^c^a.r S. B.; 4989, G.
aff. comptiim Hang; 5320 «, G. penestriatu-
lum S. B. ; 5319, G. aft", penestriatuhim S. B.;
5315, 5318, G. aft\ penestriatulum S. B., hut
coarseh'-ribbed; 5320, G. aff. striatidum; 5317 a,

|

G. aft", thouarsense, rather strongly ribbed;

5316, Fseiidogramnioceras cf. yaclm S. B., but
more finely ribbed {pedicum fauna) ; 5322, Fseri-
ceras aft", eseri (Oppel), but more umbilicate.^
Strong parting.

K. AVhitish rubbly limestone. Small Hildoceras
hifrons, Shi/ncJionella sp. 4

[5-Jll (2 examples), Stolmorliyncliia houchardi
hotlienhamptonensis j

Obscure pai'ting.

L. Pinkish-yellow conglomeratic limestone. Hildo-
ceras hifrons. 7
Obscure parting.

M. Similar limestone, but showing bright red
blotches. SarpocerasfaJciferum. 6

0. Very stift', gi'eyish-yellow, mottled clay. Xo
fossils observed. 10

R. Oolitic conglomeratic 'marlstone,' with a mark-
edly planed-ofi" top. JBelemnites spp. common,
Pseudopecteti tsquicalvis, WiynclioneUa tetra-

edra.
\ 7

Resting with very irregular base upon
T. Yellowish clayey sands.

The ' marlstone ' of the Down-Cliff sections is almost certainly

only the lower layer of that deposit. Xo evidence of the upper or

serrata bed was found at Down Cliff, and the planed-off top of the
' marlstone ' points to a considerable non-sequence.

The ' marlstone ' at Down Cliff rests directly upon the Yellow

Sands, without the intervention of the clay-bed seen in Doghus
CHff and Thorncombe Beacon. At the eastern end of Down Cliff

LilU (?)

Bifrons.

Falciferum.

Pre-

falciferum.
Spinatum.
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^ thin layer of sandj^ cW is beginning to come in beneath the
' marlstone,' and it thickens rapidly towards Doghus Cliff.

Section III illustrates the thinning-out and change in lithic

character of the lenticle of clay 0.

Section III

—

The Junction-Bed, measured in a Block on the Talus
AT THE Eastern End op Down Clief.

Hemerse. Strata and Fauna. Feet inches.

Sifrons. ' L. Massive mottled limestone. Hildoceras hifrons.

i
Obscure parting.

FaJciferum.
\
M. Whitish ;ind pink, conglomeratic, mottled lime-

stone; ferruginous near the base.

Apparently transitional from
Pre- 0. Greyish-white, nodular, earthy store, with marly
falciferum?\ streaks and patches.

Apparently transitional from
Spinatum. R. Oolitic conglomeratic 'marlsrone.' JBeJeinnifes

spp., Paltoplenroceras i^Y). [_ol(?S, Pal topieuro-

ceras cf. piseudocostatiim Hyatt, but more spi-

nose.J Seen to

The 'marlstone' here is almost certainl}^ the lower or pre-S6^rr«j^«

layer, and the ''J^Jeuroiomaria Bed' Q is midoubtedly absent: hence

the appearance of a transition from K to M must be considered

illusor3\ In formations where ' contemporaneous ' erosion has been

active (especially if the materials be at all soft) so much inter-

mixture of matrices has taken place along the line of contact of

Section IV-

—

The Junction-Bed, measured in a Block on the
Talus below Doohus Cliff.

Hemerse,
Pifrons.

Falciferum.

Pleurotomaria ?

'Spinatum.

Strata and Fauna. Feet inches.

L. Pinkish-3'ellow mottled limestone. Hildoceras
bifrons, rolled fragments of Harpoceras sp.,

Phynchonella cf. moorei.
Obscure parting.

M. Similar, but harder, limestone. Ver}'^ large

JELarpocerasfalciferum, Dactylioceras spp.,
' Aulacothi/ris ' sp.

[An inverted Terebratulid (5218) a little like

T. aspasia Meneghini & Zittel, but rounder,

not nearly so sulcate, and possessing a smaller
beak.]

Obscure parting.

Q. Impersistent earthy ferruginous seam. Vleuro-
tomarice, Amherleya, Ci/lindrites, Trochus

;

Plicatula cf. spinosa.

Besting upon a rather irregular surface of

R. Rough conglomeratic ' marlstone.' Palto-
pletu'oce7'as spinatum, Discohelix sinister,

Pteria ^ incequivalvis,'' Pseudopecten cequi-

valvis, Modiola, Ostrea, etc. ; llhynclioneUa

acuta, Hh. furcillata. Ph. tetraedra, Tere-
bratida punctata, Zeilleria cornuta, Z.
quadrijida, Spiriferina oxygona.

[6137, Paltopleuroceras cf. pseudospinatum
Hyatt, but has many more ribs ; 5689 (2 ex).

Homoeorhynchia acuta, medium size ; 5361,
F'urcirhi/nchia ftu^cata S. B. ; 1830, Tetra-
rhynchia cf. tetraedra/\

1-2
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newer with older deposits, which may be perfectly * conformable,*

that a false appearance of transition results : and such pseudo-

sequences may give rise to very erroneous views as to the real

importance of formations such as the Junction-Bed or the

Inferior Oolite.

I was unable to measure a satisfactory section in situ at Doghus
Cliff; but some blocks on the talus showed features of considerable

interest. Section IV (p. 441), which is taken from one of these

blocks, is important, in that it shows what Mr. Buckman c-onsiders

to be the ' Fleurotomaria Bed.' The ' marlstone ' here does not

appear to include any representative of the serrata bed. The
'• Pleiirotomaria Bed' (?) is impersistent—it is absent from the

great majority of the blocks on the talus.

As an illustration of the remarkably A'ariable characters of the

Junction-Bed, the following section (Y) of another block on the

talus of Doo'hus Cliff is of some interest.

Sectio>- Y -The Ju>'ciioy-BED, measueeb ix a Bloce ox
THE Talus below Doghus Cliff.

Hemerae.
LilU (?).

Strata and Pauna. Feet incites.

K.

JBifrons.

Serrata

-

s-pinatum.

White vubbly limestone, with ochreous nodules.

Worn midoceras aif. hifrons, Dactylioceras spp.

;

HhynclinneUa sp.

[1763, 4994, 5279, 5308, micromorph Dactyloid.s

presenting the aspect of Ammonites dai/i Reynes;
5278, micromorph Dactvloid of Cceloceras aspect

;

1777, 4991, 5212 (2 examples), 5309, Sfohno-
rhynehia botJienJiam_ptonensis Walker.^

Very obscure parting.

L. Pinkish-yellow mottled limestone. Hildoceras
hifrons.

Resting upon the markedly planed-off top of

P+R. Light-brown oolitic 'marlstone,' becoming rough
and conglomeratic towards the base. Man}- small
gastropods {Amherleya, Cerithium, Fleuroto-
maria, Trochns, etc.) near the top. SJiynchonella
acuta, JRh. spp., ZeiUeria cornuta. Spiriferina
sp., Serpidce, etc.

[5155 (2 ex.), 5687, Sornceorhynchia acuta (large);

5163 (2 ex.), Sitdirhynchia sp. = Hhynclionella
/aZZa.r. (Deslongchamps) Walker, but presumably
new; 5360, Quadratirhynchia cf. crassimedia
S. B. ; 5686, StolmorliyncMa houcJiardi ; 5159,
Spiriferina oxygona Davidson non Deslong-
champs, cf. Sp. signensis Buvignier.]

10

Here t\\QfaJciferiim layer and the ' IBJeuroiomaria Bed '

(?) are
absent, while the serrata bed is present. The lower layer of the
' marlstone ' appears to pass up into the serrata bed without any
break

;
probably this false appearance of transition is due to a

mingling of matrices along the line of junction.

Scattered about on the talus of Doghus Cliff are several large
slabs of (presumably) ' Upper Lias ' limestone, showing a worn
and pitted surface covered with the adherent valves of a small
species of Ostrea and, more rarely, a large cristate Serpida. JSTo
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^satisfactory evidence sufficient to date the non-sequence thus

indicated Avas observed, and the question must be left open to

future research.

The clay which was noted as coming in beneath the ' marlstone
'

.at the eastern end of Down ClifL thickens rapidly under Doghus
Cliff, where a thickness of over 10 feet can be seen. The maxi-
mum is at Thorncombe Beacon, where the thickness of clay is not

less than 16, nor more than 20 feet.

The ' marlstone ' attains its maximum thickness in the central

portion of the Thorncombe-Beacon cliff's; but, unfortunatel}'', owing
to the steepness of these cliffs, it can scarcely be reached in situ.

However, a ver}^ large recent slip has brought down to the shore

an abundance of blocks : these yield a rich fauna, and show most
-of the subdivisions of the Junction-Bed, with the exception of the

striafulum la3''er, which, as Mr. Buckman has pointed out,i is

probably absent from Thorncombe Beacon. Section YI shows
two layers N, N^ not previously noticed.

Section VI

—

The JuNciioisr-BED, measueed in a. very laege Block on
THE Talus below the Central Portion oe Thorncombe Beacon.

Hemerse.
Falciferuiii.

Pre-

falciferum.

Pre-

falciferum,

Strata and Fauna. Feet inches.

M. Massive limestone, mottled greenish and pink.

Harpocevasfalciferum, Belemnites sp.

Transitional from
N. Earth}'' ferruginous seam. Sco'pocerasa])])., FJi^llo-

ceras sp., Fteria ' iacequivalvis,' Trapezium sp.,

small gastropoda. 2-3
[6220a, Ha rpocerato ides Icissliagi (?) Haug; 5219,

5220, FL. cf. kisslingi Haug, hut ver}'' finely

rihhed; 5169, a micromorph Fhylloceras, like

Ammonites calypso D'Orhignj^, ' Terr. Jurass.'

1845, pi. ex, hut with straighter constrictions and
a smaller umhilicus.J

Obscure parting.

Ni. Hard, grejdsh-white, nodular, earthy limestone

with FLarpoceras spp. at the top of the hed.

The lower portion of the hed is a soft j-ellowish-

white rock with scattered oolitic grains, which
appears to pass imperceptibly into the earthy
limestone at the top. Rhijnchonella acuta (?)

,

Rh. sp. in the lower portion. A laj^er of large

Felemnites spp. near the base. 3-5
From the top of the bed : [5222, FLarpoceratoides ?

aW. fellenhergi Haug; 6221, Harpoceratoides? ^^.^

Very obscure parting.

Serrata. P. Finely oolitic, light-brown 'marlstone.' Falto-
pleuroceras spiiiatum, large Ilarpoceras sp.,

large Felemnites spp., Cevithium sp., Fleuro-
tomarics spp., Trochus sp., etc. ; Pseudopecten
cequivalvis ;

• RliyncJioiiella acuta, Mli. furcil-
lata, Fh. serrata, Rh. ' tetraedra,' Rh. spp.,

Terebrattila pimctata, Zeilleria spp., Spiri-

ferina sp.

[5167, a brephoraorph of Faltopleuroceras cf.

spinatum (D'Orbigny), showing the coronate stage

strongly spined, before the advent of a carina;

5231, Harpoceratoid = BCarpoceras 7'adians

Wright, Mon. Lias Amm. (Pal. Soc. 1882) Ixxxi,

4-6.

1 Q. J. G. S. vol. Ixvi (1910) p. 82.

Q. J. a. S. No. 312. 2h
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HemeriB. Strata and Fauna. Feet inches,^

1827, 5191 (4 ex.), Somccovliynclna acuta (large)
;

5156, Fiircirhi/ncliiafurcata S. B. ; 5192, JE'riono-

rhynchia serrata ; ol9o, P. qtiinqueplica fa : 5157
(2ex.), Quadratirhynchia cf.crassimedia S. Buck-
mau : 5196, StoJmorhyncliia cf. hothenhampton-
ensis; bVdl, S.houcliardi ; 5192 a, Si'dirhynchia

(?) ^•p.=jRhynchonella fallax (Deslongcliamps)
Walker, but presumably new ; 5194, JRiulirhyn-

cJiia ? cf. Terehratida triplicata fronto Quen-
stedt : 5160, Lohothyris punctata ; 1845, Zeilleria

cornuta ; 1844, Z. afF. cornuta; 5343, Z. cf.

quad/'ifida: 5161, Z. sp._

Apparently transitional from
Spinatum. E. Rough conglomeratic 'marlstone,' with large irre-

gular coricretious of calcareous sandstone at the

base. WiynclioneUa ' tetraedra,' JRh. spp., Tere- 1

hratida punctata, Zeilleria sp., Spiriferina

^ sp., etc. 4-6^

[3726, Tetrarhyncliia media tetraedra ; 4956,
Quadratirhynchia aff. crassimedia ; 5359,

Q. crassimedia sphceroidalis ; 4523, Q. atl". sphce-

roidalis; bVd9, Lohothyrispunctata ; 4951,i.S7«ft-

punctata ; 1843, 5190, Aulacothi/ris florella;
1838, 52ul, Zeilleria mariee : 5202, Z. suh-

numismalis; 5200, an inverted Terebratulid (gen.

nov.) ; 5331, Spiriferina oxygona (Davidson);

1841, 5158, Sp. sp. like oxygona Davidson, but
witli a costate fold; 1840, Sp. sp. (smooth)—cf.

Spirifer rostratus Davidson,Mon.Brit. Ool. Lias.

Brach. Ill, 1851, ii, 3.]

The presence o£ Hccrpoceratoides and the ahsence of Palto-^

pJeuroceras indicate that at least the upper portion of layer X^
belongs to the 'Upper Lias.' The date of the lower portion of X^
is very doubtful ; no fossils of zonal importance were observed, and
there are only very obscure indications of any break at the base.

The presence in the serrata bed of a large Harpoceratoid bearing

a superficial resemblance to Harpoceras f'alciferiim is of some
interest, in that it enables us to understand how early observers

cam.e to record ^Ammonites serjyeiifinus,' etc., from the
' marlstone ' portion of the Junction-Bed. Xo real credence can

be given to the alleged occurrence of tyjjical ' ITpper Lias ' species

in the ' marlstone."

PleurotomaricB occur in the serrata bed, but no indication of

any definite ' JPIev.rotomaria Bed' was observed.

The brachiopoda are the most abundant fossils of the two.
' marlstone ' layers. ShynchoneJla serrata is fairly common in

the serrata bed, to which it would appear to be confined. Large
specimens of RliynclwneUa acuta, often in a fine state of preser-

vation, are common in the serrata bed; ^li. acuta is very much
rarer in the basal ' marlstone " layer, so much so that an abundance

of that form in a block is strono-lv suo-o-estive of the serrata bed.

JR.li. acuta is markedly rare at Down Chff, where the serrata bed is.

considered to be absent.

Section YII was meastu'ed in situ near the eastern end of'

Thorncombe Beacon, only a short distance east of the position from
which the block measured in Section YI must have fallen. It
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shows the most attenuated facies of the Junction-Bed yet observed

on the coast.

Section VII

—

The Junction-Bed and Contiguous Deposits, measured
in situ close to the Eastern End of Thorncombe Beacon.

Hemeras.
Dumortieria.

Bifrons.

Serrata.

Strata and Fauna. Feet inches.

A + B. Blue sandy 'Upper Lias' clay. Coarsely-

ribbed Dumortieria sp. in friable condition.

Thin irony scale (impersistent).

L. Eartli}^ congloneratic limestone, with a mark-
edly-srnootii top. Hildoceras hifrons.

Strong parting.

P. Light-brown, linel}^ oolitic 'marlstone,' yielding

Rhi/nchonella acuta. Top planed off verj^

smooth,
liesting upon

S. Blue sandy clay.

6-6

6-7

Sections I to YII will have served to illustrate some of the

extraordinary complexities of the Junction-Bed ; a larger num.ber

of sections would show still further variations.

A few yards east of Section YII the outcrop of the Junction-

Bed leaves the cliff-face, and turns inland ; when the Junction-Bed
reappears at Watton Cliff, east of Eypesmouth, the whole facies

is remarkably changed.

(4) The Watton-Cliff Section.

From the last appearance of the Junction-Bed at the eastern

end of Thorncombe Beacon to its reappearance at the western

end of Watton Cliff, east of Eypesmouth, there is a gap of some
three-quarters of a mile.

At Watton Cliff the Junction-Bed is exposed in a particularly

inaccessible position. It forms a kind of projecting cornice,

high up in the precipitous face of the cliff, on the upcast side of

the great fault that throws ' Fuller's Earth ' and ' Forest Marble

'

against the ' Middle ' and ' Upper Lias.' According to the Geolo-

gical Survey,^ the downthrow is ' at least 425 feet.'

The only published reference to the existence of the Junction-

Bed at Watton Cliff that I have been able to find is the following

short and inconclusive note by the Greological Survey (loc. cit.) :

' East of Eype the cliff again exhibits a portion of the Middle Lias. At the
base there are blue clays with Amtnonites margaritatus, and these are suc-

ceeded by the Starfish Bed, the Laminated Beds, and Yellow Sands. These
are capped by grey shaly beds, that include a hard band that may be the

Junction-Bed of Middle and Upper Lias, with perhaps some portions of

the overlying Upper Lias. The higher strata were, however, difficult of

access.'

It seems somewhat remarkable that this unique section should

have escaped general notice for so many years. It is quite easy to

observe from the talus that the Junction-Bed is much thicker here

than in the Western Cliffs.

^ ' The Jurassic Rocks of Britain : the Lias of England & Wales ' Mem.
Geol. Surv. vol. iii (1893) p. 200.

2h2
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Sa III mato-
ceras?]

Section VIII

—

The jLyciioy-llED, iizasuked ox a Block: ox the Talus
AT THE WesTEEX £>'D OF WaTTO' ClIFF, EaST OF ETPESrMOUTn.

Hemerae. Strata and Fauna. Fe^f inches.

JDumortieria. A. Traces of blue sand}' ' Upper Lias ' clav.

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

Coarsely-ribbed Diimortierice in friable condition
;

obscure gastropod-remains, fragments of Iso-

crinns sp. 3-5
Transitional fi'om

C. "VThitish eurtliy limestone in two irregular la^-ers.

A seam of small slender Selemnites sp. 2-5
Xou -sequence.

D. Intensely hard, finely laminated, lithographic lime-

stone ; the lamiriae are of various shades of pale

brown and bluish grey. The lower poition splits

readily into thm platy slabs, covered with tine

dendrites ; the upper portion is more massive,

and breaks with a sub-conchoid al fracture. Many
finely - preserved ammonites ; no other fossils

observed.
I

7-8

[5323, Alocoli/foceras cf. genua ini (D'Orbigny), i

a smooth cast, ornament almost obliterated; 5684,

'

FrecJiieJIa atf. suhcarinata (Young & Bird), a

brephomorph, beautifully pi-eserved. with white
matrix in the body-chamber : this shows the
transition from Cymhites to the Faroniceras

|

stage, but has not got to the FrecJiiella stage of,

bisulcate periphery ; 5324,5325a & b, 5680, 5682,
costate forms, more than one species, like Ammo-
nites rugaUihis Simpson, also like A. midti-

foJiatus Simpson, but more costate ; 5325, 5679,

56796, costulate to capillate forms, like A. similis

Simpson, but thinner ; 5325 c, a micromorph of,

presumably, G^rammoceras-striatidnm type.j

Impersistent earthy parting: non-sequence.
Intensely hard, greyish - yellow, non -laminated,
sandy limestone. Xo recognizable fossils, except

fragments of a small i?7/y«c7iO//f??« sp. 5-6
Apparently transitional fi-om

Massive cream-coloured limestone. FeJemnites sp. 4-5
Apparently transitional fi"om

j

Cream-coloured shelly limestone, crowded with
|

Gi'ammoceras sp. [5326, G. aif. fJiouarsense],
\

especially at the base. Many minute gastropoda: I

AiiiberJet/a, Ataphrus, Cerithium, Cryptcenia,\
TroeTius, etc. ; FhyncTionella sp.. Isocrimcs sp., •

echinoid radiole. ' 3-4
Apparently transitional fi"om

I

D4. Pale cream-coloured laminated limestone. 3

I
Distinct parting.

I U5. Compact, cream-coloured, laminated limestone,

somewhat false-bedded on a minute scale.

j

TvagVLieiit oi IS'au.til us s'p., Ataphrus sp. 2-10
Besting unconforjnably upon

\Thorncomhi- U. Hard yellowish-brown ferruginous rock of ' marl-
ensis^ I stone ' type, almost identical in lithic characters

with the T.-thorncombiensis Bed of the Western
Cliffs. Fhpnchonella sp. Tetrarhynchia fhorn-
comhiensis common; Felemnites ^-p.: fi-agment

oflAYgeSai'poce'ras on the top of the bed, but
probably not belonging to it. 0-10

Very irregular base.

Falciferum ? M r Massive, pinkish and yellow mottled limestone. 8-9
Very obscure parting.

[

^Ei ? Similar, but harder limestone. Seen to I
9-10

r»3.
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There is only one place ^vhei'e it is at all possible to veacli the

Junction-Bed in situ Avith any degree of safety—-a kind of shallow

gully or slide, descending from the top of the cliff along the line of

fault to the top of the extensive overgrown talus between the inner

cliff and the foreshore. I measured a section in the Junction-Bed
immediately above a gi'oup of three verj^ big fallen blocks on the

talus. The total thickness was 4 feet 7 inches ; but the only part

that could be reached was a joint-face, covered with stalactitic

matter which prevented me f]"om recording any detailed measure-

ments. Another section, measured in situ a few yards farther

east, will be described later on. The accompanying section (YIII)
was taken from one of a group of three immense fallen blocks.

Other blocks show a very similar development of the Junction-

Bed, but with minor variations.

The whitish earth}^ limestone (C) forms a kind of capping to

the lithographic stone (D) ; but a close examination shows that

there is no transition. The base of C fills shallow hollows in D,
and cuts across the planes of lamination. The thickness of C
is very variable. No fossils of zonal importance were seen.

Little more can be said concerning layer D. Mr, Buckman
writes {in Jiff., Febraary 1921) :

' the date of D is yerj uncertain.'

Layers D to D, are closely associated, and form a group with very

similar lithic characters, but there are small non-sequences. The
abundance of minute gastropoda in D,, is noteworthy.

Below layer D- the sequence is very doubtful, and difficult to

determine. The rock resembling ' marlstone ' (U) is a wedge-
shaped mass, about 3 feet long, presumably a portion of a large

slab or lenticular cake of stone derived from some lower horizon.

Mr. Buckman has determined the Uliynchonella to be Tetra-

rliyncliia tliorncomhiensis, which is abundant in a bed some little

distance down in the Yellov*^ Sands of the Western Cliffs.

Presumabl}", therefore, this redeposited mass was derived from the

T.-tliorncombiensis Bed. Other blocks show similar lumps of

stone, and derived specimens of T. iliorncomhiensis and Selem-
nites sp. are common.
The age of layers M (?) and M^ (?) is doubtful. In lithic

characters the}^ remind one of the more massive portions of the

falciferiim layer of the Western Cliffs, and are very similar to

layer M^ (?) of Section IX fwhich jdelded some big specimens of

Sarpoceras falciferum). In some blocks pieces of the T.-tliorn-

comhiensis Bed and redeposited Rlu/nclwnellcE are enclosed in the

limestone layers M (?) and M^ (?).

At Watton Cliff the clay below the Junction-Bed is absent,

and the presence of derived masses of the T.-tliorncomhiensis Bed
indicates that erosion has removed some thickness of the upper
portion of the Yellow Sands.

Section IX (p. 448) was measured in situ immediately west

of the point where the Lias is finally cut off by the faulted

Bathonian rocks, and only some 30 feet east of the position from
which the block measured in Section YIII must have fallen.
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Section IX

—

The Junction-Bed and Contiguous Deposits, measured
in sitii AT THE Western P]kd of Watton Cliff.

Hemerse. Strata sni Fauna, Feet inches.

Dumortieria. A+B. Blue sandy ' Upper Lias' clay.

Marked iion-seq uence.
Falciferum ? M (?). Very hard mottled limestone, witli large Sarpo-

ceras falciferiim common at the top. [5230,
Harpoceras cf. mulgravium.'\

. Top much iron-stained and planed off smooth. 8-9
Transitional from

Mi(?). Harder, conglomeratic, mottled limestone. Small
Sarpoceras ? sp. near the top. [Micromorpli,
not Sarpoceras.'] 10-11

Irregular parting.

'[Thoi'ncombi- U (?). Soft, earth}', j'ellowisli ' marlstone.' Belemnites
ensi&.] sp., Syncyclonema sp., JRliynclionella sp. [5232,

Tetrarhynchia thorncombiensis], 6
A p p a r e n 1

1
3^ transitional from

Ui (?). Rough lumpy ' marlstone,' soft and highl}'

ferruginous.

Apparentl}^ transitional from
U2(?). Soft earth}' 'marlstone' crowded with crinoid

fragments. 2-3
Apparently transitional from
Lumpy ironshot marlstone, somewhat oolitic.

U3 (?). Obscure fragment of Sarpoceras in friable

condition. Seen to

(About 1 foot obscured by slipped material.)

T. Soft yellow sands.

The most interesting feature of this section is the absence of

the lithographic and other limestones of layers D to J).. That all

these beds should have disappeared in so short a distance is a good
example of the remarkably sudden variations to be met with in the

Junction-Bed.

Layers M (?) and M^ (P) are almost certainly the continua-

tion of layers M and M^ (?) in Section VIII. Presumably layer

M (?), at least, is of falciferum date—unless the specimens of

Sarpoceras falciferum are redeposited.

Layers U (?) to U3 (?) are only separable with uncertainty, as

ihe deposit is very irregular, lumpy, and confusedly mingled. The
fossils characf eristic of the ' marlstone ' of the Western Cliffs

•appear to be absent, and much of the rock is more like the Tetra-

rhyncJiia-tJiorncombiensis Bed and other hard bands in the Yellow
Sands than the true ' marlstone.' Mr. Buckman considers that the

whole of layers U(?) to ^^(P) is pre-spinaticiu material redeposited.

[During further work in 1921 I discovered a block of the

J^UBction-Bed (about 8 feet long) lying partly embedded in talus

fiome few feet west of the group of three blocks measured in

^Section VIII. At the eastern end, the 'Upper Lias ' clay A-f-B
Tests upon the earthy limestone C (4 to 5 inches) and the litho-

rgraphic stone D (7 to 8 inches) ; at the western end it rests upon
the grey limestone D^, C and D having been removed by denudation

iprior to the deposition of the ' Upper Lias ' clay.]
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Appendix II

—

The Upper Lias Succession. By Leonard
Frank Spath, D.Sc, F.G-.S., John Pringle, F.G-.S.,

Andrew Templeman, and S. S. Buckman, F.Gr.S.

(A) Introduction. (S. S. B.)

Some time after my paper had been sent in to the Society, some
important excavations were made in the Upper Lias of Somerset,

which throw much Hght on the points discussed in ]jp. 390-395.

Dr. Spath sent me a summary of the results that he had obtained

from a study of a collection made by Prof. D. M. S. Watson : this

communication is placed first, because it enters into considerable

detail as regards the genera and species of ammonites. Later,

Mr. Pringle and Mr. Templeman forwarded a summary of the

results of their collecting—particularly important because the beds

were collected from almost inch by inch, with extremely happy
results. They did not attempt much particularization of ammonites,
because their finds were placed in m}^ hands for detailed work.

But, although such detailed work cannot be undertaken for some
time, it has been possible to make a general survey of the faunal

succession. From this information and the study of some
Northamptonshire specimens submitted by Mr. Pringle at the

same time, it has been possible to construct succession and corre-

lation tables, which, although necessarily imperfect in certain

respects, will (it is hoped) become useful bases for further work,

(B) Upper Lias Succession near Ilminster^ Somerset.

(L. F. S.)

This succession is based on material collected and submitted
by Prof. D. M. S. Watson, to whom grateful acknowledgments are

tendered. Beds 13 to 15 were collected from at Barrington, beds

4 to 12 at Stocklinch. The highest bed (' Top-Rock ' 13) at the

latter locality did not 3aeld any ammonites ; but Prof. Watson has

reasons for considering beds 13-15 to follow on bed 12, as in the

succession tabulated below.

Strata. Horizons.
ia) Barj'ington.

15. ' Basement Bed of Yeovil Sands ' JDumortieria 7 to

{Phlyseogrammoceras dispansum, JDumor- [dispanswn.
tieria ? sp., Alocolytoceras 7 sp. juv.)

14. ' Black Clay,' 6 inches (fauna derived) strucTcmanni 7 to

{Sammatoceras cf. insigne ; Grammoceras [striatulum.
spp. ; Pseudogrammoceras ? cf. grunowi
(Dumovtier,! uon Hauer) ; Haugia sp.;

v-script midoceras.)
13. ' Top-Rock ' {Phymatoceras? cL ivertlii) variabilis 7

^ ' Etudes Paleontologiques sur les Depots Jurassiques du Bassin du
Ehone : Lias Superieur ' vol. iv (1874) pi. xiv, figs. 6 & 7,
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Strata, Horizons.
(1)) StocTiUnch.

12. Top 3 feet. (Zones not separated iii collecting.) ... b ifron s, etc.

{midoceras bifrons, S. walcottii etc. ; a stout

Dactyloid (Porpoceras ?) and v^ermifovm

Dactijlioceras.)

u f 11. Above Fish-Bed 7 feet 6 inclies Sildoceratoides.

7^
I

{Ammonites levisoni, auctt. }i07i Simpson ; a

'i -^
I

stout Dactyloid, more finely costate than
' Coeloceras ' ^ crasaoides, below.)

10. Above Fisli-Bed 7 feet falciferumB.
(Many j'oung Sarjyoceras ; Sildoceratoides sp.

^^ (of Jlercaticeras aspect) ; Dacti/Iioceras
^-"^ •{ cf. vermis ;

' Coeloceras ' cf . fonticuhim.)
"""

?s 9. 'Brown Bed ' (above Fish-Bed 6 feet 6 inches) ... falciferum A.
(Main development of Sarpoceras falcifericm

sensu stricto ;
' Coeloceras ' cf. crassoides.)

8. Above Fish-Bed oi to 6 feet Sildaites.
{midaites levisoni Simpson and Sildaites cf.

clirysantlieinu'in Yokoyama sp.").

7. Above Fish- Bed 41 to 5 feet aoiguinnm.
{Dactylioceras anguimim (Reinecke) and other,

more vermiform, Dactylioceras.)

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

5. Above Fish-Bed 18 inches ?

{Uarpoceratoides, large form, more fineh'

costate than those below.)

4. Above Fish-Bed 1 foot Uarpoceratoides^
{Uarpoceratoides aJternatus, S. Icisslingi,

etc. ; TJactylioceras helianthoides Yoko-
j'ama, ' Coeloceras ' sp. juv. ; JPJii/lIoceras

sp. ; Eleganfnliceras sp.)

3. Fish-Bed (Clay 18 inches), no yield ?

2. iejwte«(7 Bed (1 foot), no jield ?

1. Marlstone.

(C) Two New Sections in tlie Middle and Upper Lias at

Barrington^ near Ilminster, Somerset. (J. P. & A.T.
Notes in 1:rackets by S. S. B.)

During tlio year 1920 a C|imn'Y was opened in a field on the west

side of tlie cross-roads between Barrington and Stocklinch, and
650 yards sontli-west of Barrington Church. In the excavation,

which was carried down to the base of the Marlstones, aboat
14 feet of Upper Lias clay and limestones are exjDOsed. An
abstract of these beds, numbered in ascending order from 1 to 26,.

is set forth in the appended section (p. 451). Fuller details await

a critical examination of the annnonites.

In the same year a smaller quany was opened on the west side

of Shelway Lane, Barrington ; it shows a similar sequence of

Middle and Uj^per deposits on the eastern side of the pit. Beds
1-26 of the Upper Lias can again be seen ; but in the roadside

above the quarry and in the bank above the adit on the east side

of the road additional strata are exposed, carrying the section up

^ Cceloceras sensti stricto, restricted to the pettos group, in L. F. Spath,
' Notes on A-nmonites ' Geol. Mag. 1919, p. 2S.

2 'Jurassic Ammonites from Echizen & Nagato ' Jonrn. Coll. Sci. Tokyo,
vol. xix, No. 20 (1904) pi. ii, fig. 1.
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to the brown sands, whicli are believed to be of disi)ansiim date.

These higher beds are numbered in continuation with the larger

quany. It should be noted here that the Shelway-Lane quarry

also shows a j-emarkable local wash-out, probablj^of recent geological

date. On the Avest side of the pit all of the beds above the

Marlstone have been broken up to the depth of 14 feet, and re-

arranged.

Section I

—

Lias, Barrington (Epitome).

(A) Shelwat Lajve, Baeeington.

Wo. Strata. Thickness. Horizon,
Upper Lias. Feet inches.

32. Sand 6 dispanswn.
31- 7 .

nq ? Clays and limestones, unfossiliferous... 2 6

2^,' ^ Bo. fossiliferous 3 8

(B) BAREINGTOISr QuAERT.

2^"! Clays and limestones B-iZr^ocfras 3 8 { ^''sTaThl'^^'

"^^'

23. Reddisli-bvown clay, pinkish-grey
limestone 7 [10, Spath.J

22. Whitish clayey limestone 1

21. Olive-grey clay, with Crania=Crania-
Clays of Moore 5

20. Pink-tinged, gvey, clayej' limestone.

Mildoceras 5 [pre-Si/'rons.]

[Not midoceras ; a new form.]
19. Clay and limestones. Large Harpo- [9, Spath.]

ceratids, Cce/oceras 8 falciferum
18. Do 3 [8, Spath.]
17. J)o., Dacti/Uoceras 3 [7, Spath.]

lt~] Do 1 1 [6, Spath.]

11. V)o, JSarpoceras 5

• -^g"! Do 10 ^J [5, Spath.]

7. Do., JRJii/ncJtoiiella ho2icJiardl, Ilarjyo- C [Moore's zone of

ceratoides 7 ^ JRli. houchardi.']

6. J)o. , Sarpnceratoides 3 ") '"4 Q fl 1

5. Laminated clay, liarj9ocgrfl^o/f/es ... 5 3 '

''P '-I

4. Fish-Bed 3 exaratum.
3. ie^^iBna Claj's of Moore 2
2, Top bed of Moore's Middle Lias

:

bed F of his Ilminster section.

Dactylioceras 9,])\^ ' 4 tenuicostafum^
1. Sandy marl; large belemnites, finely

ribbed Dactyliocerates 7
[Impression ofPaUopleurocet'as

cf. hat'jskerense.l

Middle Lias.

2. Marlstone Rock - Bed, 7 feet thick. acvtum.
A layer of sandy marl 6 to inches [^re(/iilare.'\

from the top [contains degenerate
Paltopleurocerates, cf. Paltopleuro- spinatnm.
ceras re^?f?«re Simpson sp.] 7

1. Sands.
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(D ) Upper and part of the Middle Lias Succession^, and
Correlation. (^S. S. 13.)

In his examination of Prof. Watson's collection Dr. Spath was
•able to make certain notable additions to the recognizable horizons

of the Upper Lias : he was able to place as chronological indices

two new genera which I had recently named and iilusti-ated in

' Type-Ammonites "

—

SiJdaites (pi. ccxvii) and Ilildoceratoides

{pi. ccxviii). Fm'ther, he distinguished a horizon by the name
<inguinum, and -p\a.ce([ Sar2)oce/'afoides as marking a distinct date:

•species of this genns had been obtained by ^ih\ J. F. Jackson from
the Junction-Bed of the Dorset Coast (see p. 44:3) ; but on that

evidence alone it had not been considered advisable to distinguish

Sarpocerotoides as a separate tune-term. Xow all this evidence

falls nicely into line.

Adopting Dr. Spath' s terms, and using information otherwise

obtained, it is possible to present the folloT\ing sketch of the chron-

ological sequence in the L^pper Lias (and top of the Middle Lias)

—Table YI. p. 453. At the same time, a series of stratigraphical

terms are appended which may be useful to the memory, as well as

indicating where certain beds are well exposed. It is not intended

to say that the beds are only exposed at the places which give their

names : it is known, for instance, that T\'hitby possesses far more
than the strata of the three hemerse which stand opposite ' Whitby
Beds.' But, on the other hand, deposits of certain hemerse seem
only to have been preserved at the localities which give their

names : thus the sti'ata of pseudovaium date are only known in

Yorkshh-e.

A similar phenomenon attends exaraiuiii : this species has not

been recognized outside of Y'orkshii-e. Several of the associates of

exaratum in the Jet-Eock of Y'orkshu'e have now been found in

other localities—^for instance, in the LeptcEua Bed of Somerset,

where the inch-to-inch collecting gives them a certain sequence,

which, however, must be taken with some reserve : fii'st, because the

present examination is necessarily rather cursoiy, and, secondly,

because the specunens are somewhat crushed and ill-preserved. But
the important fact is that, while the Lepfcena Bed yields these

exaratum associates, another of the Jet-Eock genera (B-o/ipo-

ceratoides) is found in a bed of different lithic character at a

distinctly higher level—separated from the Leptcena Bed by the

Fish-Bed. Therefore, it may be argued that the Yorkshire Jet-

Rock is not a deposit of one date, but is polyhemeral.

The exact chronological position of exaratum is, then, uncertain.

There is Httle doubt that it has some affinity with the forms now
spoken of as ' G-rantham ammonites," and it is therefore concluded

that its date is either just before or just after those forms. If

placed before the Grantham ammonites, a non-sequence in the

Lept(Ena Bed is produced, and a considerable non-sequence in the



part 4] JURASSIC chronology. 453

Table VI

—

Sketch of the Chronological Sequence in the Upper Lias.

Ages . Bed Nos. Hemerae. Strata.
"

9. moorei. "j

8. CatuUoceras.
(
> Yeovil Sands.

^ 7. Dnmortieria. J

M 6. Hammafoceras. Bruton Sands.

•§H r 5. dispansum. Frocester Beds.
>
o 4. strucTcmanni. Midford Sands.
P4 U.L. 28. 3. pedicum.

> Stinclicombe Beds.
2. eseri.

. 1^ striatulum. Sodbury Sands.
^ U.L. 27 c. 26. variabilis.

>

25. lillL I
' Cotteswold Sands.

U.L. 27 5. 24. semipoUtum} J1

U.L. 27a. 23. S'lobplanatum.
>

)

22. braunianum. > Nortbampton Beds.
21. fibulatum. J

U.L. 26. 20. bifrons.
1

U.L. 25 ? 19.

18.

subcarinata.
pseudovatum.

. ->

^ Wbitby Beds.

U.L. 24. 17. Gen. and sp. nov.
^

(small Harpocerate.)

U.L. 23. 16. Hildocei'afoides.M
« J

U.L. 19.

U.L. 18.

15.

14.

falciferum.
midaites.

' Bavrington Beds.

U.L. 15. 13. Cf. Pseudolioceras.

U.L. IL 12. atiguinum.

U.L. 7. 11. Sarpoceratoides.
10. murlei/i. Dumbleton Insect-Bed.

9. exaratum. Boulby Bed.

r 8. bitbrm Havpocerates. Grantham Bed.
U.L. 3.

I
Eleganticeras.

Yorksliire Jet-Rock.
^ 6. JElegantuliceras.

5. tetiuicostatum. Yorkshire Grey Shales.

U.L. 2.

4.

3.

Tiltoniceras.

atlileticum.
\ Tilton Beds.

L U.L. 1. 2. fine-ribbed Dactyloids. Stocklinch Bed.
« 1. Harpoceratoid. Chideock Bed.

§5)
[
M.L. 1.

\

2.

1.

Jiawskerense, Hawsker Beds.

spiuatum. South Petherton Beds.

Jet-Rock ; if placed afterwards, the former is avoided at the

expense of a double non-sequence in the Jet-Rock. Further
evidence is required.

As the evidence for the chronology of the earlier hemerae of the

TJpper Lias is somewhat imperfect, the correlation-table (YII,

facing p. 454) has been drawn up, chiefly in order to compare
Somerset with Yorkshire. The lacunae in the intervening areas

are not all to be read as non-sequences : the}^ arise from lack of

evidence, collection-failure, exposure-failure, nomenclature-failure,

and so on. It is doubtful Avhether anything like the full sequence

of the early hemerse of the Whitbian has yet been obtained,

1 midoeeras semipolitum, S. Backman, is the particular species of the lower
part of the Cotteswold Sands; evidence for itVZ/a lilli and its associates in that
deposit is lacking, but there is plenty of room for them. Very little collecting has
been done in this deposit, which sometimes is 250 feet thick.
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A last word may be added concerning the Japanese species

Dactylioceras lielianthoides Yokoyama. Dr. Spath quotes this

from above the Fish-Bed : I quote something like it from well

below. The Dactjdiocerates are a ver^^ difficult group, occurring

in the Upper Lias in seemingly endless Yariety. When it was
thought that the Upper Lias was laid down at about three dif-

ferent dates, such endless variet}" of apparently contemporaneous
forms was difficult to understand. When it is seen that the dating

of the Upper Lias (the Dactyliocerate part—the Whitbian) has to be

multiplied some eight times and, therefore, the number of contem-
poraneous species has to be divided eight times, the diversity of

the Dactyliocerates becomes more comprehensible : they represent

waves of more or less closely-allied lineages, which develop and
tail-off (degenerate) in somewhat similar fashion, pi'oducing

homoeomorphous forms.

It was necessary to be satisfied, in regard to the finely-ribbed

Dact3diocerates below the Fish-Bed, that they were not JD. temii-

costatiim of the Yorkshire Grey Shales : the}^ are not, but they
have a likeness to D. heUanthoides. When really sj^'stematic-

research-work on the Dactylioceratidse can be undertaken—at

present such work is only in its infancy,—it will doubtless be found
that the points of difference between similar-looking forms are

more important than is no\v suspected. When these differences

can be recorded and brought to bear on species of known date

in an extended time-scale, one may expect the Dactylioceratidse to

become very useful chronological indicators.

IX. Summary.

(1) The bod}^ of the paper deals with certain Jurassic strata

near Ejqjesmouth on the coast of Dorset; but, as it forms
2mrt of a series of preliminary studies in connexion with
Jurassic chronology, certain details connected with other

localities are noticed.

(2) A general section of the main mass of Watton Cliff east of

Eypesmouth is given.

(3) A detailed section is recorded of a remarkable white litho-

graphic bed in Watton Cliff, one in the same position as

the Upper and Mid-Lias Junction-Bed of the Thorncombe-
Beacon area, but differing much in faunal and stratal

details.

(4) This bed shows faunal inversion, presumably due to re-

deposition of material from older deposits.

(5) The dating of this Watton Bed is discussed, after pre-

liminary investigations into the sequence of horizons in

the Upper Lias of various areas, in the Junction-Bed and
pre-Junction-Bed strata of Thorncombe Beacon.

(6) A theory of stratal repetition and coalescence is discussed iit

regard to the Watton Bed. Its main date is taken to b&
Yeovilian, Sammatoceras hemera.
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Hemer^) and the last Part of the Domerian.

Northamptonsliire
(Byfleld, etc.).

fCf. Harpoceratoides.

Lincolnshire Yorkshire
(Grantham, etc.). (Whitby neighbourHood).

(^Ila rpocera toides.

t_Giautham Amm. Grantham Ainni.

exaratimi.

<

Eleganticeras.

\JElega ntuliceras.

rxi fSandy clay.

m
A

I
Tiltoniceras.

Dactyloids, c£,

^ l^ athleticum.

o . r Tiltoniceras.
-4-3 Vj

^ L Dactyloids,

t 'rt tenuicosfafum.

[Tiltoniceras.

athleticum.

P. Jiawskerense.

P. regulare.

11.

10.

9.

7.

6.

5.

4.

3.

2.

1.

2.

L
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Table VII

—

Cobbelation of the Upper Lias (Whitbian—earlieb

Dorset Coast.

Ha vpucera to ides

Somerset
(Barrington).

Sarpocera to ides.

Pish- lied.

r^ fGrantham Ammonites

(2 I

(biform Havpocei-ates).

Gloucestershire
(Stinchcombe).

7.
-2 JSleganticeras.

6.

5.

miegantidiceras-

like forms.

M JSlegantuliceras.

4.

3. athleticum-Vikt

forms.

'athleticum-WVe forms.

2. O
O

Fine-ribbed Dactyloids,

not D. tenuicostatum,

cf. D. helianthoides.

1. Harpoceratoid
Ammonite. 5

'

2. Paltoplenvoce7-as

degenerates.

-3 Faltopleuroceras-
haioskerense and
reffulare forms.

1. Faltopleui-ncej-as-

spinatum forms.

^P.-spina him forms.

Tiltoniceras

(Thin seam resting on
Middle Lias Rock-Bed).

rii P. cf. hawskerense,
o
P3

Gloucestershire
(Dumbleton).

Insect-Ded; murleyi

Leptcpna-MeA equi-

valent.

[Quart. Joiirn. Geol. Soc. Vol. LXXVIIl, Part 4.

Hemee^) and the last Part of the Dombbian.

Northamptonshire
(Byfield, etc.).

fCf. Haiyooeratoides.

Lincolnshire Yorkshire
(Grantham, etc.). (Whitby neighbourhood).

fHa rpocera toides.

Grantham Amm. Grantham Amm.

P.-spinaium forms.

Elcganticeras. 7.

^Elegantuliceras. 6.

1

fSandy clay.

Tiltoniceras.

Dactyloids, cf.

i_ athleticum.

1.:
' Tiltoniceras.

.. Dactyloids.

2I tenuicostatum.

'TiltoHtceras.

athleticum.

0.

3.

2.

i
3'

1.

1
P. hawskerense.

P. reffulare.

2.

1.
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(7) The white lithographic bed of Burton Bradstock is cited as

evidence of stratal repetition, and a theory as to the

deposition and ahnost complete destruction of this Burton
bed is put forward.

(8) The A'Yatton and Burton lithographic beds are cited as

evidence of Alpenkalk conditions prevailing in Western
Europe during two well-se2mrated Jurassic dates, both of

them far earlier than the times of Alpenkalk deposits in

Central and Eastern Europe.

'(9) Certain remarks are made ujoon sections at Milborne Wick
and Haselbury (Somerset) with regard to the dating of

their deposits, and a table of the succession and distribu-

tion of Hammatoceratids is given.

(10) A paloeontological note describes a new species of Bhjaicho-

nellid

—

Tetrarlujucliia fliorncomhiensis {liliijnclionella

northamptoneiisis auctt., passim)—a species marking a

particular deposit at Thorncombe Beacon.

(11) An Appendix by Mr. J. F. Jackson gives the result of his

studies of various sections of the Junction-Bed (including

the Watton Bed) on the Dorset coast,

(12) A second Appendix gives studies by Dr. L. F. Spath and
by Mr. J. Pringle & Mr. A. Templeman of the stratal

and faunal (ammonite) succession revealed by certain new
exposures in the Upper and Middle Lias near Barrington

(Somerset)—the collecting of specimens having been done
almost inch by inch.

(13) The evidence thus obtained, added to that gleaned elsewhere,

some of it set out in the body of the paper, enables the

Author (S. S. Buckman) to put forward a tabular sketch

of Upper Lias chronology more detailed than has yet been

attempted—-dividing the ages (Yeovilian and Whitbianj
of the Upper Lias into thirtj^-five hemera^—more divisions

than were originally made b}^ Oppel for the whole of the

Jurassic.

DiscussiojS".

Mr. J. PRiiSTGLE said that, as joint author of one of the

Appendices, he would refer to the salient features of the work
done by Mr. A. Templeman and himself on the Upper Lias exposed

in certain quarries at Barrington. These beds had been described

by Charles Moore, and the reopening of the sections after a long-

period of disuse had provided an opportunit}^ of examining the

Upper Lias, with a vicAv to the correlation of the deposits with
those of the Banbury district. The section was carefully col-

lected over bed by bed, and more than a thousand specimens

of ammonites were secured. The value of the results obtained

had been much enhanced by Mr. Buckman's co-operation.

Dr. A. MoRLEY Dayies said that the deposits in a shallow sea

transgressing over an area where folding and faulting movements
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were still in progress, might very well show such anomalies as the

Author described. He found it difficult to believe, however, that

the beautifully preserved annnonite exhibited, with similar matrix
within its body-chamber and around it, could be a derived fossil.

He enquired whether the hifrons ammonites which appeared in

inverted sequence in this new junction -bed showed the same pink
colour as that which characterized their matrix in the well-known
Junction-Bed.

Dr. W. D. Lang asked whether a simpler explanation than that

suggested by the Author might not be applicable to the inverted

sequence ot ammonites in the Junction-Bed at Eype, namely,

a long period of very slow deposition coinciding with an oscillation,

of surface at about sea-level, allowing wave-action to mingle the

fossils of successive faunas, and even to remove a certain amount^

of sediment; the whole deposit being subsequently consolidated by
a segregation of calcium carbonate. If the last-mentioned process

took place, it would be unnecessary to consider, as the Author
apparently did, that the Junction-Bed was a deep-water deposit..

That such segregation would not necessarily do away with the

bedding-planes could be seen in the concretions of the hircld

nodular dej^osit, occurring in the Lower Lias of the same district..

Bedding w^as very apparent in these nodules.

Prof. P. Gr. H. BoswELL said that, among the many interesting

questions raised by the Author, that of the evidence of shallowing

conditions and instability in the area during the period covered

by the hemera^ from lilli to opalinifoo^mis deserved emphasis.

The sand}^ facies which stretched from the Cotteswolds to the

Dorset coast, and included the uppermost zones of the Lias and
lowermost zones of the Inferior Oolite, Avas characterized through-

out by the constancy of its peculiar lithological and petrographical

characters. As the Author had proved many years ago, this sandy
and silty jDhase transgressed as a wave of shallowing conditions to

successively higher horizons as the observer travelled southwards,,

thus providing an admirable example of the transgression of time-

planes by lithological planes,

Mr. Gr. W. Lamplugh thought it improbable, on the evidence

adduced, that the comparatively large and well-preserved ammonites
found in the narrow band of fine-grained laminated material at

Watton Cliff: could have been derived at recurrent intervals from
older strata and redeposited in inverted order. Judging from the

specimens exhibited, he suggested that the bed might be a 'con-

densed ' deposit, very slowly accumulated and covering a long

period. In such beds the rare accident of preservation at intervals.

was likely to bring about the juxtaposition of forms not truly

contemporaneous. The further accident of collecting-chances in^

beds of this kind rendered the basis for the hypothesis still narrower.

The Atjthoe, in reply, said that the Watton -Cliff bed presented a

mass of puzzles, and the point raised by Dr. Davies—the difficulty

of derivation in the case of well-preserved fossils-—was a problem

already noted, not only for this instance. The solution in some
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cases was that specimens had been redeposited inside lumps of

original matrix. Big lumps of derived matrix were in the Watton
bed, but there arose the dithculty of reconciling such lumps with a

fine-grained laminated deposit—the former indicated violent action,,

the latter very tranquil conditions and, possibly, deep water. The
tranquil conditions seemed to be inconsistent with the wave-action

suggested by Dr. Lang.
The Author agreed with Mr. Lamplugh that the Watton Bed

was a highly condensed deposit : it had taken the whole of the

time of the Upper Lias—some thirty hemerge—to deposit 5 feet

;

but the question was whether the deposit as seen now represented

anything like the original mass laid down. The Author supposed

not. How much had been removed by penecontemporaneous erosion

without leaving a trace behind ?

With reference to Mr. Pringle's remarks, the Author wished to

acknowledge how greatly he was indebted to his collaborators for

their Appendices, representing a mass of new observations suj^ple-

menting his paper. The most interesting point, perliaps, was that

the S3''stem of many chronological divisions, which the Author
might claim to have originated, had been extended b}'' his col-

laborators : that testimony to his moderation was welcome

;

because his original number of subdivisions had often been con-

dem^ned as excessive. He had always been compelled to go on

asking for more, and now other investigators went farther stilh

This constant lengthening of the Earth's chronology was particu-

larly interesting.

In noting that palaeontological planes did not coincide with

lithological planes, Prof. Boswell liad, as he said, drawn atten-

tion to the Author's work of many years ago. It was a vindication

of the subdivisional method that it had given these results so

clearly, and had shown the uselessness of lithology as a guide

to date.



GEiNERAL INDEX
TO

THE QUARTERLY JOURNAL

AND

PROCEEDIITGS OF THE GEOLOGICAL SOCIETY.

Aberdeen Creek (Sierra Leone), 309,
321.

Aberfoyle Slates, 98 et seqq.

Albitization of dia,bases, 270.

Alt-Ddu Mndstones, 139-40 ; faimal

list. 171.

Aluminous xenoliths in Mull rocks,

240-54 & pis. vii-x.

Analyses of pierite, 265 ; of bostonite,

266 ; of mugearite. 267 ; of Sierra-

Leone norite. 307.

Anatase in Plioc. deposits of Corn-

wall, 359, 363, 365.

Andalusite in Plioc. deposits of Corn-

wall, 359, 362, 363-64, 366.

Andrews, C. W., Description of a

New Plesiosaur from the Weald
Clay of Berwick (Sussex), 285-98
fig. & pis. xiv-xv.

Annual General Meeting, vlii et seqq.

Anorthite in xenolithic intrusions of

Mull, 244 et seqq. & pis. viii-x.

Apatite in Sierra-Leone noritic com-
plex. 329.

Aplite. noritic, of Sierra Leone, 316-

17, 322-23, 340-41 & pi. xix.

Appin & Ballachulish Folds. 108-109
fig.

Appin Quartzites, &c., 104 et seqq,

Arauca rites cutchensis, 274 & pi. xii.

Ardmeanach, see Mull.

Ardmucknish. (Argyll), geology of

district betw. Ben Lui and, 108-25

w. maps & sect.

Ardrisbaig Group, 96 et seqq.

Asaphns-poivisi fauna, 171.

Ashgillian of the Bala district, 137

et seqq. ; A. fauna ibid., 164; A. of

the Llangollen district, 1 80 et seqq.

;

A. south of the Llangollen Syncli-

norium, 186-88 ; relat. of do. to
Caradocian. 188-89; A. north of the
Llangollen Synelinorium, 190-91.

Assets, statement of, xxxYii.

Auditors elected, iv

Augite in altered norites, 338-39,
341 & pi. xix.

Avonian of Broadfield Down, 227-28.

Bailey, E. B., on the Structure of

the South-West Highlands of Scot-

land, 82-127 figs. & pi. i (geol.

map), 130-31.

Bala country (Merioneth), its struc-

ture & rock-succession, 132-75
figs. & pi. ii (geol. map) ; sect, to

Moel-fryn, 136 ; Bala-Lake Dis-

placement, 160 ; Bala formation in

Llangollen district, 179 et seqq.

Balance-sheet for 1921, xxxii-xxxiii.

Ballachulish & Appin Folds, 108-109
fig-.

Ballappel ' Foundation ' (tectonic),

104-106, 111-12, 117 et seqq.

Banana Is. (Sierra Leone), 303, 310.

Barlow-Jameson Fund, list of re-

cipients, xxix.

Barrington (Somerset), sects, descr.,

449, 451.

Basement-beds, see G&vlt.

Bauxite in Sierra Leone, 322.

Beerbachite of Sierra Leone, 313-15,
339-40 & pis. xvii-xix.

Beinn Bheula, see Ben Ledi.

Ben-Lawers Schists, 98 et seqq.

Ben-Ledi Grits, 98 et seqq.
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Ben Lui (Argyll), geology of district

betw. Ardmucknish and, 108-25
w. maps & sect.

Berwick (Sussex), Leptocleidus super-

stes from, 285-98 fig. <Sr- pis. xiv-xv.

Berwyn Nodal Anticline, 217-18.

Bibliography of S. W. Highlands,
125-27 ; of Bala succession, 133-
35 ; of xenolithic minor intrusions

in Mull, 229-31 ; of Jurassic plants

fr. India, &c., 276-77 ; of Carboni-
ferous plants fr. S, America, 283

;

of geology of Llangollen district,

177; of Jurassic of Dorset coast,

&c., 433-36.

BiGSBY medallists, list of, xxviii.

Billington Crossing, see Pratt's Pit.

Biotite in Sierra-Leone norite, 329.

Birkhillian of Llangollen district, 192
et seqq.

Blaen-y-cwm Beds, 180, 183-86.

Blake, W., portrait presented, Ixxiii.

Bolton, H., award fr. Murchison
Fund to, xliii.

Bostonite of Knowles Hill, 264, 266-
67 w. chem. anals. & pi. xi ; use of

term, 270.

BoswELL, P. G. H., 374.

Bothrodendron CO'^P' (Peru), 281 fig.

& pi. xiii.

BracJtyphylhi.m mamillare, 274-75 &
pi. xii.

Broadfield Down (Somerset), Carb.

Limest. of, 227-28.

Bromehead, C. E. N., on the In-

fluence of Geology on the History
of London, v-vii.

Brookite in Plioc. deposits of Corn-
wall, 362, 364.

Bryn-Beds, 181, 182-83.

Bryn-cut (Merioneth), sect, up, 142 ;

Caradocian & Ashgillian of, 148-50
w. lists of foss.

Bryn-melyn, see Moel-fryn.

Bryn-pig (Merioneth), Caradocian,

&c. of, w. lists of foss., 152-53

;

vert. sect, at, 154. ; sect, to Crei-

giau]Bychain, 158.

Bryneglwys Synclinorium, 211
;

Bryneglwys Fault, 218-21 w. map.
Buchites of Mull, 240 et seqq. & pis.

vii-x.

BucKMAN, S. S., on Jurassic Chrono-
logy : II—Preliminary Studies.

Certain Jurassic Strata near
Eypesmouth (Dorset); the Junc-
tion-Bed of Watton Cliff and Asso-
ciated Eocks, 378-455 figs.

Burton Bradstock (Dorset), White
Bed of, 420-31 figs.

Q J. G. S. No. 312.

Buttresses, anticlinal, 225, 226.

Cae-mawr (Denbigh), sect, to Pen-
Creigiau Barcut, 185.

Caer Drewyn (Denbigh), tectonics of,

215 ; map of, 216.

Caerhafotty Limestone, 137.

Caledonoid (tectonic) structures in

Llangollen district, 218-21 w. map.
Cidtj)yiene-planimarcjinata fauna, 170,

171.

Canons Town, see St. Erth.

Caradocian of Bala district, 137 et

seqq.; C. fauna ibid., 162-64;
Caradocian of Llangollen district,

179-86 figs.

Carboniferous Limestone of Broad-
field Down, 227-28.

Carboniferous plants fr. Peru, 278-
84 fig. & pi. xiii.

Carrick-Castle Fold, 101 et seqq.

Carsaig Sandstone (Jurassic) 232 et

seqq.

Cassiterite in Plioc. deposits of Corn-

wall, 359.

Cefn-ddwy-graig Displacement, 163.

Ceylon, Jurassic plants from, 271-77

& pi. xii.

Chamberlain-Barn Pit (Shenley Hill),

sect, descr. & fig., 30.

Chandlee, (Miss) M. E. J., 168.

Charlotte Falls (Sierra Leone), 303,

309.

C}iasmop>s fauna, 170.

Chrome-iron-ore in Sierra Leone, 322.

Cladophlehis denticulata, 272 & pi.

xii,

reversa, 271-72 & pi. xii.

Claridge's Pit (Shenley Hill), sect.

descr. & fig., 26.

Cliinacograptus-peltifer Zone (in Bala
district), 131 et seqq.

Clinch, G., obituary of, li.

Clough, C. T., 85 et seqq.

Clwydian Anticline, 210.

Contact-metamorphism in Sierra-

Leone noritic complex, 336-42 &
pi. xix.

Cordierite in xenolithic intrusions of

Mull, 245-47 & pis. vii, x.

Cornish Miners' Relief Fund, Ixx.

Cornwall, I. E., [on Besmostylus
fr. Lr. Miocene of Vancouver I.],

Ixix-lxx.

Cornwall, Pliocene of , 348-77 w. map
& figs.

Corundum in xenolithic intrusions of

Mull, 242-43 & pi. viii.

Corvedale (Shropshire), Dowutonian
fossils from, ii.

2i
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Corwen Grit, see Glyn Grit ; Corwen-
Moel-Fferna area, Silurian. &.c. of,

197; Corwen Buttress, 215-17.

Council, annual report of, viii -xx :

(& OiRcers) elected, xxi.

Cox, A. H., 342.

Creigiau Bychain (Merioneth), Ash-
gillian, &c. at, 153-55 w. lists of

foss. ; sect, to Bryn-pig, 158.

Crinan Grits & Quartzites, 96 et seqq.

Cuil-Bay Sla,tes, 105 et seqq.

Cwm-Clwyd Ash, 179-82.

Cwm-yr-Aethnen (Merioneth), Ash-
gillian. &.c. of, 155-57.

Cyrn-y-Brain Beds. 180. 190-91 w.

list of foss. : C.-y-B. Nodal Anti-

cline, 211-12.

Dale, A. B., 168.

Daniel-Pidgeon Fund, awards to

F. S. WaUis & R. W. Segnit, ix
;

award to H. P. Le^\4s, Ixxi ; list of

awards, xxix.

Dayison, C, Lyell Medal awarded
to, xli-xlii.

Deelet, R. M., elected Auditor, iv.

Denbighshire Series in Llangollen

district, 200-201, 202.

Derfel Limestone (Llandeilian), 137-

38 ; faunal list, 169.

Desmioiyhyllum sp., 275 & pi. xii.

Desmostyliis (Lr. Miocene). Ixix-lxx.

Dicellogrciptii,s-ance-ps Zone in Bala

district, 137 et seqq.

Dicranograjitxts Shales, 137-38.

Dinas-Bran Group. 208.

Dixet, F., on the Norite of Sierra

Leone, 299-346 figs. & pis. xvi-xix.

Doghus Cliif (Dorset), sects, descr.

441-43 ; see also Eypesmouth.
Dolerite of Knowles Hill, 263-64,

265-66, 267-69 w. chem. anals. &
pi. xi ; of Sierra Leone, 317-18,

323-24. 341-42.

Dolhir Beds, 180,186-88.

Domerian (Middle Lias) of Thorn-

combe Beacon, 395-400.

Donors to Library, lists of. xi-xvi.

Double Arches Pit (Shenley Hill),

sect, descr., 24.

Douglas, J. A., elected Secretary,

xxi ; on the Carboniferous of Peru

,

283-84.

Do^vn Cliff (Dorset), sects, descr.,

439-41 ; see aZ«o Eypesmouth.
Downtonian fossils exhibited, ii.

Drew, H., 168.

DuciE, Earl of, decease announced,

i ; obituary of, xlix-1.

Duckworth, H., obituary of, li.

Dunoon Slates, 98 et seqq.

Earle, K. W., on the Lower Car-
boniferous Rocks of West Cumber-
land [title only], ii.

Earthquakes, cause and character of,

Iv-lxviii.

Easdale Slates, 98 et seqq.

Eilde Flags, 104 et seqq.

Elatodadiis 2'>lcina, 275 & pi. xii.

Election of Auditors, iv ; of Council

(& Officers), xxi; of Fellows, ii-iii,

iv-v, Ixix, Ixx, Ixxii-lxxiii, Ixxiv-

Ixxy.

Elles. (Miss) G.L., 176; on the Bala
Country : its Structure & Rock-
Succession, 132-73 figs. & pi. ii

(geol. map), 175.

Ennos, F.R.,235.
Enstatite in Sierra-Leone noritic

complex, 326.

Epidote in Plioc. deposits of Corn-
wall, 361, 365.

Erins Quartzite. 96 et seqq.

Estimates for 1922, xxx-xxxi.

Eurycleidus ai-cuatus. gen. nov.. 294-
95 fig., 296.

megaceplxalns, 295 fig., 296.

Evans, J. W., Murchison Medal
awarded to, xxxix-xl ; obituary of

E. H. O. K. Weinschenk, liii.

Eypesmouth (Dorset). Jurassic near.

378-457 figs.

Fearnsides, W. G. ix.

Feilden, H. W.. obituary of. li.

Fellows elected, ii, iii, iv- v, Ixix, Ixx,

Ixxii-lxxiii, Ixxiv-lxxv : names read
out. i, Ixxv : number of, xvii-xix.

Felsite of Rudh' a' Chromain. 235
& pi. vi.

Felspars in xenolithic intrusions of

Mull, 244-45 & pis. viii-x ; in

Sierra-Leone noritic complex, 324-

25, 338, 340 & pis. xviii-xix.

Ffridd-Defaid Displacement, 161.

Financial report, xxx-xxxvii.

Flett, J. S., receives awards fr.

Lyell Fund for A. Macconochie &
D. Tait, xliii.

Foel-y-Ddinas (Merioneth), Ashgil-

lian, &c. of, 155-57 w. sect. & lists

of foss. ; Foel-y-Ddinas Mudstones,
144.

Foreign Members, list of, xxii ; For.

Correspondents, list of. xxiii,

Frondderw Ash. 139.
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Galloway, T. L., obituary of, 1.

Gardner, E. W., 168.

Garforth, SirWilliam E., obituarj^

of, 1-li.

Garnet in Plioc. deposits of Cornwall,

361.

Garside's 'old pit' (Shenley Hill),

sects, descr. & fig-., 10-13 ;
' new

pit,' sect, descr. & fig-., 14.

Gastropod (?), giant, fr. Wadhurst
Clay, Ixxv.

Gaiilt & Lr. Greensand Junction nr.

Leig'hton Buzzard, 1-81 w. maps
& sects.

Geikie, Sir Archibald, re-elected

Foreign Secretary, xxi.

Gelli-grin (Merioneth), Caradocian,

&c. of, 148-50 w. lists of foss.

;

vert. sect, at, 154 ; Gelli-grin Cal-

careous Ash Series, 141-42 w.
sect.; faunal list, 170.

GiLLiGAN, A. (& others), on the Car-

boniferous Rocks of the Deer-Lake
District of Newfoundland \_title

ouiy],lxix.

Glen-Orchy Anticline, 95 ; Glen
Orchy (& Ben Lui), geol. map of,

122.

Glen-Sluan Schists & Grits, 98 d
seqq.

Glyn-Ceiriog area, Silurian. &c. of,

197-99.

Glyn-Corwen Grit, 180, 188.

Glyn-Dyfrdwy Group in Llangollen
district, 204-206.

Glyn-Gower Beds, 138 ; faunal list,

171.

Godrich (Sierra Leone), 313 & j)!. xvi.

Godwin, E., Ixxiii.

Gordon, J. M., obituary of, lii-liii.

Green, J. F. N., elected Auditor,

iv.

Greenland (W.), geology of, Ixxiii-

Ixxiv.

Greensand (Lr.) & Gault junction nr.

Leighton Buzzard, 1-81 w. maj)s

& sects.

Grovebury Pits (Shenley Hill), sects.

descr. & fig., 31-35.

Hammatoceratids, chronol. succes-

sion & geogr. occurrence of, 434-
35.

Harker, a., WoUaston Medal
awarded to, xxxviii-xxxix.

Harris's Pit (Shenley Hill), profile

sect., 7.

Harrison, B., obituary of, liii.

Haselbury (Somerset), Jurassic of,

433-34,

Hawkshaw, J. C, obituary of, 1.

Heath-House Pit (Shenley Hill),

sects, descr., 27-29.

Herries, B. S., re-elected Treasurer,

xxi.

Heterortlils-altsniata fauna, 171.

Highlands (S.W.) of Scotland, struc-

ture of, 82-131 figs. & pi. i (map).

Hirnant Beds, 144, 156.

Holmes, Sir Charles J., on Leo-

nardo da Vinci as a Geologist,

Ixxi-lxxii.

HOLTTUM, R. E., 282; (& A. C.

Seward), on Jurassic Plants from
Ceylon, 271-77 & pi. xii.

Hornblende in Sierra-Leone aplite,

329.

Hutchinson, H. N., presents model
of Peloiieiistes philarcns, Ixxiii.

Hypersthene in altered norite, 339,

341.

Ilmenite in Sierra-Leone norite, 321,

329 ; in Plioc. deposits of Corn-

wall, 358, 363.

Ilminster (Somerset), Upper & Middle
Lias near, 449-51.

Iltay Nappe, 98-104 fig., 112 et seqq.

Inninmorite of Mull, 235 et seqq. &
pi. vi.

Intergrowths, mineral, in Sierra-

Leone norite, 329-35 fig. & pis.

xviii-xix.

Iron-ores in Sierra-Leone norite, 321-

22, 328-29.

Islay Anticline, 95 ; Islay Limestone
& Quartzite, 99 et seqq.

Jack, R. Logan, obituary of, xlix.

Jackson, J. F., see Buckman, S. S.

John Obey Point (Sierra Leone), 313,

321.

Jones, O. T., 177.

Junction-Bed at Watton Cliff, 378
et seqq. ; sects, of do. descr., 387-

88, 436-48 ; at Thorncombe
Beacon, 393-95 ; and at Bothen-
hampton, &c., 400 et seqq. figs.

Jurassic plants fr. Coyloji, 261-70 &
pi. xii ; .Jurassic strata nr. Eypes-
mouth, 378-457 figs.

Kent (Sierra Leone), 309, 310.

King, W. B. R., 168, 176.

King, W. W., exhibits Downtonian
fossils,- ii.

Knowles Hill (Devon), composite sill

at, 261-70 figs. & pi. xi.

Kyanite in Plioc. deposits of Corn-

wall, 359, 365, 370-71 figs.
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Lake, P., 177.

Lamplugh. G. W., on the Junction
of Ganlt & Lower Greensand near
Leighton Buzzard (Bedfordshire),
1-80 "w. maps & sects.

Landell-Mills, T. (& others), on
the Carboniferous Eocks of the
Deer-Lake District of Newfound-
land \_title onlyl, Ixix.

Lateritization of Sierra-Leone norite.

320-21.

Leadhills (Lanark), plattncrite from,
iii.

Leicester Peak (Sierra Leone), 301,
303 & pis. xvi, x\T.ii.

Leighton Buzzard (Beds.), junction

of Gault & Lr. Greensand near,

1-81 w. maps & sects.

Leny Grits, 98 et seqq.

Leonardo da Vinci as a geologist,

Ixxi-lxxii.

Lepidodendwn sp. (Peru), 280 &
pi. xiii.

Leptocleidus superstes, gen. et sp.

nov., 285-98 fig. & ipls. xiv-xv.

Leucoxene in Plioc. deposits of Corn-
Avall, 358.

Lewis, H. P., award fr. Daniel-

Pidgeon Fund to, Ixxi.

Lias (Upper), succession in. 390-93.
449-54.

Library, annual report of Committee,
x-xi ; lists of donors to, xi-xyi.

Littleworth Brickyard (Bucks.), sect.

descr., 39.

Llandderfel Syncline, 218.

Llandeilian of Bala district, 137 et

seqq.

Llanelidan-Fault SjTicline, 210.

Llangollen district (Denbigh), Lr.

Palfeozoic of, 176-226 figs. &
pis. iii-v (geol. maps & sects.).

Llangower Displacement, 160-61.

Llyn-Tegid Displacement, 160.

Loch-Avich. Slates, 96 et seqq.

Loch-Awe Nappe, 95-98, 118 ; Loch-
Awe Syncline, 95.

Loch Creran (& Ardmucknish Bay),

geol. map of, 110; contact of

Ballappel Foundation & lltaj

Nappe at, 111-17.

Loch Etive (Argyll), &c., geol. map
of, 116.

Loch-Tay Limestone, 98 ei seqq.

London, influence of geology on
' history of, v-vii.

Long Crendon (Oxon.), sects, descr.

& fig., 40-44.

Ludlow Series in Llangollen district.

204-208.

Lyell medallists, list of, xxvi ;

recipients of L. Fund, list of,

xxvii ; L. Medal awarded to C.

Davison, xli-xlii ; L. Fund, awards
to A. Macconochie & D. Tait,

xliii-xliv.

Macconochie, A., award fr. Lyell

Fund to, xliii-xliv.

Magnesian Province. West African,

306-307.

Magnetite in Sierra-Leone noritic

complex. 315, 321, 328 & pi. xvii

;

in Plioc. deposits of Cornwall, 358,

365.

Maidwell, F. T., obituary of, Iii.

Mallet, F. E,., obituary of, xlviii.

Mainmillatus Bed nr. Leighton
Buzzard. 3 et seqq. ; fossils of, 49-
51.

Maol-an-Fhithich Quartzite, 99 et

seqq.

Map of neighbourhood of Leighton
Buzzard, 2 ; of Shenley Hill Sand-
pits, 5 ; of tarly • nappes ' in

S.W. Highlands, 84 ; of meta-
morphism of ' nappes,' 92 ; of the

two great folds of the Iltay Nappe,
102

;
geol. map of Loch Creran &

Ardmucknish Bay, 110; of Loch
Etive, Pass of Brander, & Loch
Awe, 116 ; of Glen Orchy & Ben
Lui, 122 ; of S.W. Highlands, pi. i

;

of the country E. & S.E. of Bala
Lake, pi. ii ; showing tectonic

features of Llangollen district, 178;
geol. map of Bryn (Llangollen),

184 ; of ^Caer Drewyn, 216 ; of

Cyrn-y-Brain, &c., 220 ; of area

round Moel-y-faen, i^l. iii ; of

country round Llangollen, pi. v ;

of the Ross of Mull & Ardmean-
ach, 230 ; of Knowles Hill, 261 ;

geol. map of the Sierra-Leone

peninsula, 300 ; of S.W. England,
350.

Mark, J. E., 1G8.

Maufe, H. B., 87.

Metamorphism of nappes, 92-93.

MiALL, L. C, obituary of , xlvi-xlvii.

Milborne Wick (Somerset), green-

grained marl of, 431-32.

Miletree Farm (Shenley Hill), sects. •

in pits near descr. & fig., 19-21.

MiLNER, H. B., on the Nature &
Origin of the Pliocene Deposits of

the County of Cornwall, and their

Bearing on the Pliocene Geography
of the South-West of England,
348-74 figs.. 376-77.
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Miocene (Lr.) of Vancouver I., I>etf-

mustylns from, Ixix-lxx.

Mochleusis defined, Ivii.

Moel-Fferna-Corwen area, Silurian.

&c. of, 197.

Moel-fryn (Merioneth), sect, to Bala,

136; Caradocian, &c. of, 150-52
w. vert. sect. & list of foss. ; vert,

sect, at, 154 ; Moel-fryn Sand-
stones, 143 ; Moel-fryn Displace-

ment, 161.

Monograptiis-crispus & M.-sedgtcicki

Zones in Bala district, 137 et seqq.

Mugearite in nomenclature, 270

;

mugearite of Knowles Hill, 264,
267 w. chem. anals. & pi. xi.

Mull (Argyll), xenolithic Tertiary
minor intrusions in, 229-60 figs. &
pis. vi-x (microscope-sects.).

Mull-of-Oa Phyllites, 99 et seqq.

Mullach Glac an t'Sneachda (Mull),

sapphire, &c. at, 237.

MuRCHisoN medallists & recipients

of M. Fund, lists of, xxv ; M.
medal awarded to J. W. Evans,
xxxix-xl ; M. Fund, award to H.
Bolton, xliii.

Murray Town ('Sierra Leone), 303.

309.

Muscovite in Plioc. deposits of Corn-
wall, 358.

Mynydd-Cricor area (N.Wales), Va-
lentian of, 195-96 ; M. C. Nodal
Anticline, 210-11.

Names of Fellows read out, i, Ixxv.

Nant-Aber Derfel (Merioneth), Llan-
deilian of, 144-45 w. list of foss.

Nant Ehyd Wen (Merioneth). Cara-
docian of, 145-46.

Nant T'yn-y-twmpach (Denbigh-
shire), sect, descr., 198.

Nant-y-Bache Group, 206-207.
' Nappes ' (tectonic) in S.W. High-

lands, 82 et seqq. ;
' nappe ' defined,

87 ; metamorphism of, 92-93 w.
map.

Newton Abbot (Devon), composite
sill at, 261-70 figs, & pi. xi (micro-

sco]je-sects.).

Nicholas, T. C, 168.

Nickeliferous rocks in Sierra Leone,
322.

Nicolella-actoniae fauna, 170.

Nine-Acre Pit (Shenley Hill), sects.

descr. & fig., 16-18.

Nodal anticlines defined, 209, 226.

Norite of Sierra Leone, 299-347 figs.

& pis. xvi-xix

Number of Fellows, &c., xvii-xx.

Officers (& Council) elected, xxi.

Oldham, E. D., ix ; retires fr. office

of President, xx : addresses to

medallists & recipients of Funds,
xxxviii et seqq. ; obituaries of de-

ceased Fellows, &c., xlv-liv ; on
the Cause & Character of Earth-

quakes, Iv-lxviii.

Olivine in Sierra-Leone noritic com-
plex, 327-28, 339, 341 & pi. xix.

Olivine-dolerite of Knowles Hill, 2G8
& pi. xi.

Orchesis defined, Ivii.

Ordovician, see Bala, &c.

Orthis hirnantensis differentiated fr.

Strophotnena siluriana, 165-66 fig.

Palaeozoic (Lr.) of Llangollen district,

176-226 figs. & pis. iii V (geol.

maps & sects.).

Pandy Ash, 131, 182.

Paracas (Peru), Carboniferous plants

from, 278-84 fig. & pi. xiii.

Parsons, L., 285.

Part, G. M., 374.

Pegmatite, noritic, of Sierra Leone,
310-11.

Peloiieustes philarcus, model presen-

ted, Ixxiii.

Pen-Creigiau Barcut (N. Wales),

sect, to Cae-mawr, 185.

Pen-y-Dallgwm (Merioneth), Ashgil-

lian, &c. of, 155-57 w. sect. & lists

of foss.

Pen-y-graig Ash, 181, 182-83.

Peru, Carboniferous plants from,

278-84 fig. & pi. xiii.

Pettitt, N. E., appointment con-

firmed, iv.

Fhacoys-mucronatus fauna, see Foel-

y-Ddinas Mudstones.
Phillijysinella-parabola fauna, 172.

Picrite at Knowles Hill, 262 et seqq,,

264-65 w. chem. anal.

PiDGEON Fund, see Daniel-Pidgeon
Fund.

Pitlochry Schists & Grits, 98 et seqq.

Plas-uchaf Grit, 180, 190-91.

Plattnerite exhibited, iii.

Plesiosauria, see Leptocleidus.

Pliocene of Cornwall, 348-77 w. map
& figs.

Polcrebo (Cornwall), Pliocene (?) of,

352-53, 356.

Pont-y-Ceunant Ash, 140-41.

Poplars Pit (Shenley Hill), sect.

descr. & fig., 23.

Port-Ellen Phyllites, 99 et seqq.

Portaskaig Conglomerate, 99 et seqq.
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Posidonomija vemista (Knowles Hill),

263.

Post-Devonian movements in Llan-

g'ollen district, 222-23,

Pratt's Pit (Leighton Buzzard), sect.

descr., 35- 3G.

Pre-Carboniferous floor in Llangollen

district, 222.

Prestwich medallists, list of,

xxviii.

Pbingle, J., 177 ; see alsu Buckman.
S. S.

Pyroxenes in Sierra-Leone noritic

complex, 325-27, 338-39, 341 &
pi. xix ; see also Augite, <|r.

Quartz in dolerites of Knowles Hill,

267, 270, & pi. xi ; in xenolithic

intrusions of Mull, 240 & pi. vii
;

in Sierra-Leone noritic complex,

324 ; in Plioc. deposits of Corn-
wall, 358.

Radley, E. Ct. [clieni. anals. of Mull
rocks], 229 et seqq.

Reynolds, S. H., obituary of the

Earl of Ducie, xlix-1.

Rliiwlas Mudstone & Limestone,

143; faunallist, 172.

Rhodes, J., 256.

Romanes, J. (Mrs.), 168.

Rudh 'a'Chromain (Mull), 232 et seqq.;

sects, at, 234.

Rudha Garbh (Argyll). 113.

Rutile in Plioc. deposits of Cornwall,

359, 361, 365.

St. Agnes (Cornwall), Plioc. de-

posits of, 349, 354-55 ; minerals

in the same, 357-59.

St. Erth (Cornwall), Plioc. de-

posits of, 349-51, 355 ; minerals

in the same, 359-62.

St. Keverne (Cornwall), Plioc. de-

posits of, 352, 356 ; minerals in

the same, 362-64.

Salopian of Llangollen district. 200
et seqq.

Samuel I. (Sierra Leone), 313.

Sandpit Cottages (Shenley Hill), sect,

in pit near, descr. & fig., 15.

Sapphire, occurrences of, in Mull,

231 et. seqq.

Segnit, R. W., award from Daniel
Pidgeon Fund to, ix.

Selma (Argyll), 118.

Seward, A. C, elected President,

xxi ; Geological Notes on Western

Greenland, Ixxiii-lxxiv ; on a Col-

lection of Carboniferous Plants

from Peru, 278-83 fig. & pi. xiii

;

(& R. E. Holttum), on Jurassic

Plants from Ceylon, 271-77 & pi.

xii.

Shannon, V/. G. St. J., on a Com-
posite Sill at Newton Abbot
(Devon), 261-70 figs. & pi. xi

(microscope-sects.).

Shelway Lane, see Barrington.

Shenley Hill, see Leighton Buzzard.

Shilling, Cape (Sierra Leone), 310.

Shira Limestone, 96 et seqq.

Sierra Leone (W. Africa), norite of,

299-347 figs. & pis. xvi-xix.

Sigillaria sp. (Peru), 280-81 & pi.

xiii.

Siliceous xenoliths in Mull rocks,

239-40 & pi. vii.

Sillimanite in xenolithic intrusions of

Mull, 243-44 & pis. vii-x.

Silty Beds in Lr. Greensand, 55-57.

Slides (= fold-faults), 86.

Smith, B. (& L. J. Wills), on the

Lower Pala30zoic Rocks of the

Llangollen District, Avith special

reference to the Tectonics, 176-

223 figs. & pis. iii-v (geol. maps &
sections).

Smith, W. Campbell, exhibits platt-

nerite, iii ; re-elected Secretary,

xxi ; obituary of J. M. Gordon,

Iii.

Soda- syenite of, Knowles Hill, 266-

67 & pi. xi.

South-West Highlands of Scotland,

structure of, 82-131 figs. & pi. i

(map).

Southcott Pit (Bucks.), sect, descr.,

37-38.

Spath, L. F., see Buckman, S. S.

Splienopteris sp. (Peru), 279-80 &
pi. xiii.

Spinel in xenolithic intrusions of

Mull, 247-48 & pis. viii-x, w.

chem. anals.

Spinney Pit, see Grovebury.

Stamp, L. D., on the Base of the

Devonian, with especial reference

to the Welsh Borderland [title

only], ii.

Stanspield, J., on Banded Precipi-

tates of Vivianite in a Saskat-

chewan Fireclay [title only], iii.

Staurolite in Plioc. deposits of Corn-
wall, 358, 361, 365.

Stocklinch (Somerset), sect, descr.,

450.
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Strahan, Sir Aubrey, i^.

Strain-intervals between earth-

tremors, Ix.

Strophomena siluriana differentiated

fr. Orfhis hiniantensis, lG5-6Gfig.

Sagarloaf Mountain (Sierra Leone),

301 & pi. xvi.

Sussex (Sierra Leone), 309,

Swch-Gorge Ash, 179.

Sweeting, G. S,, 374.

TKiiiopteris spatnlata,2*7S-74 &pl. xii.

Tait, D., 233 ; award fr. Lyell Fund
to, xliii-xliv.

Tarannon Series of Llangollen district,

192 et seqq.

Tayvallich Slates & Limestones, 90

et seqq.

Teall, Sir Jethro, obituary of M.
E. Wadsworth, xlvii-xlviii.

Tectonic earthquakes, lix et seqq.

Tectonics of Llangollen district, 17G

et seqq.

Teirw Beds, 179-82.

Templeman, a., see Buckman, S. S.

Tertiary xenolithic minor intrusions

in Mull, 229-60 figs. & pis. vi-x

(microscope-sects.) : see also Plio-

cene, cJT.

Tetrarhynchia tlionicomhiensis, nom.
nov., 435.

Tholeiites of Miill, 236 et seqq. &
pi. vi.

Thomas, H. H., 374 ; retires fr.

Secretaryship, xx ; on certain

Xenolithic Tertiary Minor Intru-

sions in the Island of Mull (Argyll-

shire), 229-59 figs. & pis. vi-x

(microscope sects.), 260.

Thorncombe Beacon (Dorset), 379 et

seqq. ; Junction-Bed at, 393-95,
443-45 ; Middle Lias of, 395-400.

Titanomagnetite in Sierra-Leone

noritic complex, 328.

Todites ivilliamsonif?) = Cladophlehis

reversa, 271.

ToKE (Sierra Leone), 310, 313.

Tooth, S., 285.

Topaz in Plioc. deposits of Cornwall,

359, 362, 366.

Tourmaline in Plioc. deposits of Corn-
wall, 358, 361, 363, 365.

Tridymite in xenolithic intrusions of

Mull, 239-40 & pi. vii.

Trimerocephalus (Knowles Hill), 263.

Trust-Funds, statement of, xxxiv-
xxxvi.

Tyn'-y-twmpath Beds, 180, 186-87.

Valentian of Bala district, 137 et

seqq. ; of Llangollen district, 192-
200.

Vancouver I. (B. C), Desmostyhis fr,

Lr. Miocene of, Ixix-lx

Vinci, da, see Leonardo.
Vivod Group, 207.

Wadhurst Clay, giant gastropod (r)

from, Ixxv.

Wadsworth, M. E., Obituary of,

xlvii-xlviii.

Wallis, F. S., on the Carboniferous
Limestone (Avonian) of Broadfield

Down (Somerset), 227, 228 ; award
fr. Daniel- Pidgeon Fund to, ix,

Watson, D. M. S., 293.

Watton Cliff (Dorset), Junction-Bed
of, 378 et seqq., 387-88, 445-48.

Watts, W. W., 374 ; receives Lyell

Medal for C. Davison, xli-xlii.

Weald Clay, Leptocleidus snperstes

from, 285-98 fig. & pis. xiv-xv.

Webster's Pit (Leighton Buzzard),

sect, descr., 36.

Wedd, C. B., 176, 209.

Weinschenk, E. H. O. K., obituary
of, liii.

Wenlock Series in Llangollen district,

201-204.

West African Magnesian Province,
306-307.

Whale R.. see York.
Whitbian, see Jurassic.

White Bed of Burton Bradstock, 420-
31 figs.

Wilberforce (Sierra Leone), 303, 315
& pis. xvii, xix.

Wills, L. J., award fr. Wollaston
Fund to, xlii

; (& B. Smith), on the
Lower Palaeozoic Rocks of the
Llangollen District, with special

reference to the Tectonics, 176-223
figs. & pis. iii-v (geol. maps &
sects.), 226.

Wollaston medallists & recipients

of W. Fund, lists of, xxiv ; W.
Medal awarded to A. Harker,
xxxviii-xxxix ; W. Fund, award to

L. J. Wills, xlii.

Woodward, A. S., obituaries of H.
Woodward & L. C. Miall, xlv-xlvii

;

(& others) on the Carboniferous
Rocks of the Deer-Lake District

of Newfoundland [title only'],

Ixix.

Woodward, Henry, decease an-

nounced, i ; obituarj"- of, xlv-xlvi.
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Xenolithic Tertiaiy minor intru-

sions in Mull, 229-60 figs. & pis.

vi-x (microscope-sects.) : xeno-

liths in dolerite of Knowles Hill.

2G3-64, 265-66 & pi. xi.

Garnedd (Merioneth), Caradocian

of. 146-48 w. sect. & lists of foss.

Yeovilian, .-^ee Jurassic.

York (Sierra Leone), 313 & pis. xvii-

xix.

Zabel, C. F., obituary of, lii.

Zircon in Sierra-Leone noritic com-
plex, 323 ; in Plioc. deposits of

Cornwall, 359, 361. 364. 365.

E:!fD OF TOL. LXXYITI.

[December 30th, 1922.]
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