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ABSTRACT

The Great Cyclothem is comprised of the Great Limestone and equiv-
alents at the base, its upper part being formed by the Coal Sills Group
and equivalents which immediately overlie the limestone. The detailed
variations in this thin but widely persistent group of strata in its
6,500 square miles area of development in Northern England are con-
sidered and evaluated primarily in order to assess the conditions of
deposition, sedimentary history and palaeogeography of the-region
during fofmation of the cyclothem;.

Critical palaeontological evidencé is presented to show that the
cyclothem lies at the very base of the Upper Carboniferous succession of
Northern England, the base of the Great Limestone and equivalents being
taken as the Viséan-Namurian junction.

A detailed stratigraphical and palaeontological consideration of
the Great Limestone and equivalents is made. Separate detailed studies
are also presented of the stratigraphy, petrology, sedimentary structures
and palaeontology of the overlying Coal Sills Group and equivalents,
these beds consisting of alternating shales, sandstones and coals with
thin lenticular marine bands and a restricted chert development.

An analysis of the above information is made and it is postulated
that the cyclothem's basal limestone was laid down in a widespread shal-
low clear sea, the sea being eventually encroached upon by deltaic sedi-
ments consisting essentially of material now represented by the shales,
sandstones and coals. The deltaic conditions built out from land to the
north and north-west, the sediment source consisting predominantly of pre-
existing sediments.- Evidence exists to show that the deltaic conditions
were subject to local and regional regressions during formation of the
cyclothem, thus giving rise to the latter's composite nature, each sheet
sandstone with its overlying coal seam representing the final stage in
each phase of delta building. The control which the trough and block fea-
tures of Northern England exercised upon the overall thickness of terrig-
" enous sediments deposited is clearly illustrated and the complete wedging
out of terrigenous sediments to the south-east is demonstrated. 1In the

deltaic sediments the courses of prominent infilled river channels occu-

pying washouts have been delimited. The restricted formation of chert
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is related to the deposition of primary colloidal silica under marine
conditions, the required silica-rich waters having been fed into the
specific area by a contemporaneous river 'channel! whose course is del-
imited,

The mechanism which controlled the formation of the rhythmic sequence
of the cyclothem is discussed, and it is concluded that the major role was
played by tectonic activity which involved uplift in the source area foll=-
owed by erosion to base level, with complementary diastrophic subsidence
'in the area of deposition; the .rhythmic tectonic activity is related to
the pulsating movements of the Sudetic period which heralded the Hercynian
orogeny.

In an appendix the widespread and marked devolatilization of the coal
seams on the Alsfon Block is discussed and tentatively related to greater
than normal heat-flow from the pre-Carboniferous '"Weardale granite'. The
first recorded occurrence in Great Britain of ovoidal bodies called nigger-

heads is reported from these heat affected coals.
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CHAPTER I

INTRODUCTION

GENERAL

The purpose of the investigation to be recorded here was to trace
and evaluate the detailed variations in a thin but widely persistent
group of strata known as the Great Cyclothem. Evidence will be presented
to show that this group lies at the very base -of the Upper Carboniferous
succession of Northern England. Although the whole group never exceeds
286 feet in thickness, it embraces calcareous, argillaceous, arenaceous,
siliceous and carbonaceous strata, thus recording a marked variety of
environments of sedimentation. It forms one recognizable unit in the
great rhythmic sequence of the Yoredale Series, and as a complete unit,
the group may aptly be described as a compeosite cyclothem, witﬁin the
terms of the original definition by Wanless and Weller (1932).

The cyclothem as a whole is best developed within the structural unit
originally defined by Marr (1921) as the Northumbrian Fault-Block (Fig. 2);
that is, within the area now recognized as the northern division of the
Pennine ridge. Two sub-units have been defined within the Northumbrian
Fault-Block, namely, the Alston Block (Trotter and Hollingworth, 1928),
extendiné from the Roman Wall country southwards- to the Cotherstone
(Stainmore) Syncline, and the Askrigg Block (Hudson, 1938), covering the
area from Cotherstone southward to the Craven District. In addition to
the development on the Northumbrian Fault-Block, the cyclothem is repres-
ented in other parts of Northern England as specified in the section
below pertaining to the regional distribution.

In naming the cyclothem after the limestone which forms its basal
member, the practice established by Dunham (1950) and later used by other
workers is followed. Some difficulty arises here, however, since the
basal limestone is known by different names in the various regions of
Northern England where the cyclothem or its equivalent is developed. Never-
theless, it may reasonably be considered that the type locality of the
1imeétone is on the Alston Block and more specifically on Alston Moor, near

the mountain of Cross Fell in Cumberland. Throughout the Alston Block the




name Great Limestone is used, this name probably having been erected by
the lead miners of the Northern Pennines many centuries ago, although its
earliest publication as part of a complete sequence for the Carboniferous
"Lead Measures" was by Westgarth Forster (1809). However, as indicated
above, under different names the limestone runs with a fair amount of
thickness variation but a reasonably uniform lithology throughout many
parts of Northern England, and especially through the dales of the North-
ern Pennines. For instance, on the Askrigg Block in North-west Yorkshire
it is known as the Main Limestone, this name having been first published
by John Phillips (1836), and probably it too was derived from the local
lead mining industry. In addition, in the other regions where it is devel-
oped the limestone has different names which will be mentioned later in the
pertinent chapter., Nevertheless, for the present purpose, and particularly
because the basal limestone is known as the Great at what may be regarded
as its type localify, the cyclothem will be described as the Great Cyclothem
throughout Northern England.

Above the basal limestone are the essentially non-calcareous measures
of the cyclothem, Over much of the area to be considered in detail, these
consist of shales, sandstones and coals, the thin marine bands which are
locally present sometimes developing to arenaceous or argillaceous lime-
stones. On the Alston Block, particularly on Alston Moor, a characteristic
sequence of these beds was recognized by the old lead miners, within which
the sandstones were found to be overlain by thin coal seams. Hence the
sandstones became known as Coal Sills, a term set in perpetuity by West-
garth Forster (1809). Forster named the sandstones of the cyclothem, in
ascending order, the Low Coal Sill and High Coal Sill. Much higher up
the "Lead Measures" sequence, he named the sandstone beneath his Fell Top
Limestone, the Upper Coal Sill., However, this sandstone occurs well above
the top of the Great Cyclothem, the latter being limited at the top by the
' base of the Upper Little Limestone. Thus, on the Alston Block there is a
characteristic development of the non-calcareous measures of the cyclothem,
consisting of alternating shales and sandstones, the latter generally being
overlain by thin coal seams, Up to three such sandstone-coal horizons have
been recognized and as a result, these measures have become known collec~
tively as the Coal Sills Group. Since the Group has been found to contain

more than one sedimentary cycle with thin impersistent marine horizons
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associated in plaées, it must comprise part of a composite cyclothem.

To the south of the Alston Block in the northern and western parts of the
Askrigg Block and in the Cotherstone Syncline, a sequence of comparable
lithology to the Coal Sills Group of the type area has been recognized by
the authors of the Mallerstang Memoir (Dakyns et al., 1891), Wells (1955a,
1955band 1957), Rowell and Scanlon (1957) and Hicks (1958). However, Wells
(op. cit.) has also shown that there is a large area of chert development
in the north-east quarter of the Askrigg Block; this chert is in part the
lateral representative of the Coal Sills Group of the north and west. An
area not within the Northumbrian Fault-Block where the non-calcareous
measures of the Great Cyclothem have been referred to as the Coal Sills
Group is the Stainmore area of Turner (1935); this area is closely related
to the Block, however. Beyond the margins of the Block in the Northumbrian
Trough, coals occur in the cyclothem and are especially prominent in the
Tyne Valley. However, the repeated sandstone-coal relationship which gives
rise to the name Coal Sills Group is not generally seen, although Trotter
and Hollingworth (1927) refer to the beds above the Snope Burn Band in the
Brampton area as 'Coal Sills'. In passing it might be mentioned that the
Snope Burn Band is a prominent and relatively persistent marine horizon
occurring in the middle of the cyclothem; therefore, in this area the cyclo-
them is again composite. Thus, the Coal Sills Group type of lithology is
restricted to the development on the Northumbrian Fault-Block, and more
particularly to that on the Alston Block. Elsewhere, the beds generally
form part of the Great Cyclothem with nb specific collective name. In West
Cumberland, however, the lower part of the Hensingham Group is probably the

lateral representative.
As already mentioned, the top of the cyclothem is defined by the base

of the Upper Little Limestone or its lateral representative.

SCOPE OF THE WORK

Previoﬁs to this work no attempt had been made to study a single
cyclothem over a very large area of,its-development. The more recent works
which are dealt with in the "history of research" have each considered all
the cyclothems developed in specific and restricted areas. However, Wells

(1955a and 1955b) did extend his original area and covered some 450 squafe
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miles of the Askrigg Block during his study of a series of cherty beds
which include the representatives of this cyclothem. The present work is
really a continuation 6f that of Wells, the main purpose being to assess
the conditions of deposition and reconstruct the palaeogeography of the
Yoredale delta and adjacent areas prior to and during one of the delta's
major advances. Subsequently it has proved desirable to investigate the
extent of the devolatilization of the coals developed within the cyclothem
on the Alston Block and in adjacent areas.

Original work by the author has been mainly confined to the type area
of the cyclothem; that is to say, the Alston Block, an area of 650 square
miles which embraces Weardale, Teesdale, Alston Moor, the Pennine Escarpment
and the Allendales. Detailed field mapping on Ordnance Survey 1:10,560 and
occasionally 1:2,500 scale maps has been carried out and all available sub-
surface data has been collected together in as comprehensive a manner as
possible. In particular, the whole outcrop of the cyclothem in County
Durham has been resurveyed apart from a small area covered by Jones (1956)
recently. Thus, some 100 miles of outcrop has been investigated in detail
" and every available section has been measured. In the Frosterly=Stanhope
area 12 miles of continuous exposure of much of the cyclothem is to be
found in the quarries from which the Great Limestone has been extensively
wrought. All the important quarry faces have been photographed to facili-
tate measurement and also to form a permanent record of those which are
becoming covered with vegetation. Apart from the quarries, over 140 det-
ailed sections have been measured as well as numerous partial sections. As
already mentioned, all available sub-surface information for the whole of
the Block has been gathered together. This has been forthcoming. from under-
ground workings of lead, fluorspar and barytes mines, and from the numerous
records of shafts sunk in connection with these. A number of boreholes
have also been drilled in the area recently, and in some cases it has been
possible to have access to the core. Important borehole records for the
concealed part of the Block have also been obtained; those for Roddymoor,
Elstob and Chopwell Woods are from published information, whilst the Harton
record has been kindly made available by the B. P. Exploration Company
Limited and the Gas Council. A total of 120 sections are at hand from the
above sources. Large gaps in the distribution of sub~surface information

have been filled by mapping and measuring sections at the necessary local=-
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ities where possible. Thus, over 300 sections have been obtained for the
Alston Block alone., Some ten months were spent on field-work collecting
this information and during this period over 15,000 miles were travelled
by motor-cycle and van.

To extend the investigation over a wider area, information bearing
on the occurrence of the cyclothem, or the beds equivalent to it, has been
collected from published sources which are summarized on Fig. 2. By syn-
thesizing all the information it has proved possible to consider the full
6,500 square miles area of development of the cyclothem and its equivalents
in Northern England. In order to satisfactorily link the Alston Block with
adjacent areas, excursions have been made into the Northumbrian Trough and
the Cotherstone Syncline. In particular, boreholes from Fallowfield Mine,
Northumberland, and the Lunehead Mine area in the Cotherstone Syncline
have been logged.

Laboratory work has consisted of the following:~

(i) The examination of over 200 thin sections; these
were mainiy of sandstones but other lithologies have also
been considered.

(ii) Heavy mineral separations have been made from
sandstones of a known constant horizon and also from
random horizons.

(iii) Where necessary, X-ray photography or differential
thermal analysis has been used to determine the composition
of certain sandstone cements.

(iv) Specimens of "pyrite" from various environments
have been polished and examined in reflected light to
ascertain their definite composition.

(v) Analyses have been obtained for several coal
samples collected from widespread localities on the
Alston Block and in adjacent areas. Several more
analyses for coals of a similar horizon have been
collected from the records of the National Coal Board

by kind permission of that body.

(vi) The fauna collected from various horizons

within the cyclothem has been identified.

(vii) Every available source of information of sub-
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surface and surface data has been perused in order to

obtain as full a coverage of the aréa as possible,

REGIONAL DISTRIBUTION

On the Northumbrian Fault-Block (Figs. 1 and 2) the cyclothem has a
widespread distribution and forms a relatively continuous band around the
valley sides of most of the rivers. The detailed distribution on the
Alston Block and in the Cotherstone Syncline is shown on Plate IA whilst
that on the Askrigg Block is shown on Plate IB. In addition, valuable
infermation is available from five deep boreholes drilled into the conceal-
ed area up to 25 miles east of the nearest exposures on the Block. These
boreholes were drilled at Roddymoor, Chopwell Woods, Elstob, Harton and
Chopgate in the Cleveland EHills, their positions being shown on Fig. 1.

South of the Block, in the Bowland Trough, the marked facies change
which takes place does not allow for an accurate delimitation of the exact
equivalent of the cyclothem. However, Black (1950) has shown the Scale Haw
Limestone of the Bowland Shale sequence to be the equivalent of the Main
Limestone. A similar facies to the Bowland Shales completely obscures the
cyclothem in the Furness District. In this latter area it seems certain
that beds of similar age to the cyclothem form part of the shaly Gleaston
Gréup, hgwe?er.

To the west of the Block, the cyclothem can be recognized in the Kirkby
Lonsdale aréa but it occurs in poorly exposed ground. The lérgest area of
development to the west of the Block is that surrounding the northern half
of the Lake District where Carboniferous rocks form a rim around a core of
Lower Palaeozoics. Here, the beds representing the cyclothem can be traced
from west of Appleby around the northern end of the massif, by way of Cald=-
beck and Gilcrux, to Egremont where they disappear beneath younger deposits.
Strata representing the cyclothem have alsc been penetrated by a borehole
drilled in the northern part of the Isle of Man. -

In the Northumbrian Trough the cyclothem has a more restricted out-
crop.than on the Block to the south. It can be traced from the northern
end of the Pennine Escarpment, south-east of Brampton, in an east-north-
east direction to Matfen, from whence it trends north to Greenleighton,

and then northe-east to the vicinity of Howick where it runs out to sea.
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Fig. 1

The Geology of Nerthern England

Reference map showing the general regional relationship-
of the areas in which the Great Cyclethem is developed.
To be used in coenjunction with Fig. 2 to comprehend the

regional distributien of the Great Cyclethem.
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10,
11.
12.
13,
14,
15.
16.
17.

Fig. 2

Summary of the areas covered by various authors.

The structural units of Northern England are also

indicated upon this map. The Northumbrian Fault-Block
is divisible into the Alston and Askrigg Blocks which

are separated by the Cotherstone Syncline, (Reading, 21).

Fowler, 1926

Carruthers et al., 1927
Carruthers et al, 1930
Fowler, 1936

Hedley and Waite, 1928
Johnson, 1959

Trotter and Hollingworth, 1932
Peach and Horne, 1903
Barrett and Richey, 1945
Lumsden and Wilson, 1961
Eastwood et al, 1931
Eastwood, 1930

EFastwood, 1931

Dakyns et al, 1897
Dunham and Rose, 1941
Short, 1954

Dunham, 1948 and 1950
Johnson and Dunham, 1962
Jones, 1956

18.

19..

20.
21,
22,
23.
2k,

25.-

26.
27.
28.

29.

30.
31.
32
33.
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Simpson, 1902

Woolacott, 1923

Smith, 1912

Reading, 1954 and 1957
Turner, 1927 and 1935

Wells, 1955a, 1955b and 1957
Rowell, 1953
Scanlon, 195
Dakyns et al, 1891
Miller and Turner, 1931
Moore, 1955 and 1958
Wilson, 1957 and 1960
Foﬁler, 1944

Hicks, 1958 and 1959
Daekyns et al, 1890
Aveline et al, 1872
Hicks, 1958

Black, 1950

é}1957a and 1957b
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It also occurs in three small synclines north of Lowick. The distribution
in this region is shown on Plates I and IC., Also within the confines of
the Trough, straddling the Anglo-Scottish border, there is a small occurr-
ence of the cyclothem in the vicinity of Canonbie,

In the Midland Valley of Scotland the beds representing the cyclothem
have a widespread distribution in a series of dis-connected basins, but it

is beyond the scope of this work to consider these.

HISTORY OF RESEARCH

Thé name Great Cyclothem dates only from Dunham (1950), but the lime=-
stone member was probably named many centuries before by the lead miners of
the Northern Pennines. Subsequent to its introduction by Dunham, the
method of particularizing the cyclothem, by pre-fixing the name of the
limestone forming its basai member, has been adopted by various workers,

Early records of the strata encountered during lead mining operations
on the Alston BlockAare fo be found on various old mine plans. For example,
a plan, dated 1775, of the Nentforce Drainage Level, which was driven from
Alston to Nenthead, has a section on it which includes the beds of the

Great Cyclothem. The relevant part is given below:-

10' Little Limestone
6' Little Hazel (Sandstone)

10' Plate Bed (Shale)

10‘ Hazel called the High Coal Sill
5! Plate Bed '
8' Hazel called the Low Coal Sill

25' Plate Bed

65' Great Limestone including Tumblers

William Hutchinson's History of Durham (1794%) contains what must
be one of the first published references to the Great Limestone. Giving
an account of the lead trade in Teesdale, he says, "The strata or bearing
sills are various, which carry ore, the greypost bears well, but the
best is the great limestone, both for quantity and quality; which is

about 70 fathoms in thickness". An accompanying section shows:-
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The first edition of the "Strata" was published in the same year as
William Smith's first geological map of England and it may be claimed

as the earliest comprehensive section of strata extant in this country.
Many of the names of individual beds that are still in current use over
much of Northern England were derived from it. A copy of Forster's
section of the Great Cyclothem is shown in Fige 3, Tumbler Beds is the
term used to describe the alternating limestones and calcareous shales
which form the upper part of the Great Limestone; Forster states in the
text that they are separated from the massive limestone by about 1 foot
of soft shaly material, known as the Black Bed. The massive limestone
itself is divided into high, middle and low flats by thin shaly partings,
these flats having shown favourability to replacement during mineral-
ization. Only two sandstones are shown between the top of the Great and
the base of the Little Limestone but a section from Cross Fell lead mine
with three sandstones developgd is mentioned in the text; in this section
the upper-most sandstone is called the White Hazle. The sandstones
presumably became known as Coal Sills because of their close overlay by
coal seams, the term sill being locally employed to denote a bed or
stratum, usually of sandstone. A section compiled from mines in Arken-
dale and Swaledale on the Askrigg Block is also contained in the "Strata'.
Two further editions of the "Strata" appeared in 1821 and 1883 respec-
tively, the latter posthumously revised and corrected by the Rev. W.
Nall. There is no difference in the basic information contained, but

a number of new sections are presented which show variations from the
standard Alston Moor sequence.

Winch (1817) published similar information to Forster except that
on his section for Alston Moor he shows a thin sandstone occurring
immediately below the Little Limestone named the Little Hazle. He also
stated that, "the coals being very uncertain in their ‘extent are seldom
noticed in the lead mine sections'".

Sedgwick (1827) records a section from 0ld Langdon Mine, Teesdale
whilst Sopwith (1829) published sections of Holyfield and Hudgill lead
mines and in 1833 gave an account of the stratigraphy of Alston Moor
which confirmed Forster's findings. Only Sedgwick's section shows any
marked variation from the established one for Alston Moor; in this

section an 82 feet thick combined High and Low Coal Sill is recorded as
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immediately overlying the Great Limestone. In 1835 Sedgwick contri-
buted to the geology of the Askrigg Block by describing a series of
longitudinal and transverse sections. On these he named the bed equiv-
alent to the Great Limestone, the Twelve Fathom Limestone.

John Phillips' (1836) work on the Askrigg Block is as well known as
that of Forster on the Alston Bloék. He named the rhythmic sequence the
Yoredale Series and demonstrated its continuation northward from Swale-
dale, correlating his Main Limestone with the Great Limestone. The Red
Beds were also equated with the Little Limestone, a correlation which
Wells (1957) considers to differ from his own mainly by a detail of
nomenclature, A

Some variation from the standard Alston Moor sequence is indicated
by Wallace (1861) who presents a section of the much thicker sequence
of the Great Cyclothem at Fallowfield Mine, Northumberland. On this
section a prominent coal seam, shown as the Fallowfield Coal but also
known as the Little Limestone Coal, is well exhibited in the upber part
of the cyclothem. The presence of a sandstone, the White Hazle, immed-
iately below the Little Limestone in the Alston Moor sequence is also
emphasized. It is interesting to note that Wallace attempts to recon-
struct the conditions of deposition during the formation of the Yoredales
and succeeds in erecting a fairly accurate rudimentary pattern.

Armstrong et al. (1864) present a section by Sopwith, compiled from
the Allenheads lead mines, on which excessively thick coal seams are
indicated in the Coal $ille Group.

Lebour did much to elucidate the stratigraphy of Northumberland.

'In particular, his works on the Little Limestone and its accompanying

coal (1874), and the Great Limestone and its associated beds (1875) in
south Northumberland may Be noted. These works have bheen incorporated
into Smith (1912) but it is important to record that in the former work
Lebour gave the first comprehensive account of the Little Limestone Coals.
These coalé have been extensively worked along the Tyne Valley, the history
of working, which dates back to 1522, being summariged by Trotter and
Hollingworth (1932). In the other paper mentioned, the Ebbs Snook Lime-
stone of the Alnwick District was correlated with the Great Limestone.
Variations within the south Northumberland sequence were considered, the

thick sandstone developed in the cyclothem around Brunton being named
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the Black Pasture Stone. A faunal list for the Great Limestone was
also given. )

The stratigraphical sequence for West Cumberland was worked out
by Kendall (1885) but his correlation of the limestones with those of
other districts has subseqﬁently been shown to be incorrect.

Between the years 1878 and 1910 the borings and sinkings of North-
umberland and Durham were compiled and published in six volumes by the
North of England Institute of Mining Engineers. A careful search of
these records reveals many sections through the Great Cyclothen.

Subseqﬁent to the primary geological survey of Northern England,
only two sheet memoirs were published for the Askrigg Block, these
being for the Ingleborough (97 S.W.:Dakyns et al, 1890) and Mallerstang
(97 N.W.:Dakyns et al, 1891) sheets. Both of these contain useful
information as regards the Great Cyclothem, but, as throughout the
sequence, most emphasis is placed on the limestone. The cherts over-
lying the Main (= Great) Limestone in Swaledale were recognized and it
was considered that the Main Chert and the cherty Black and Red Beds
"passed westward and northward into a series of grits, sandstones and
shales, known in the north as the 'coal-sills', capped by a bed of chert
or limestone called the Little Limestone." It is interesting to note
that the term coal-sills was adopted despite the relative paucity of
coal seams associated with the sandstones. Faunal lists for the Main
Limestone and the beds above it are presented in the Mallerstang Memoir.
Previous to these memoirs, one was produced for the Kirkby Lonsdale area
(98 S.E.}Aveline et al, 1872), west of the Askrigg Block, where a small
jll-exposed area of outcrop of the Great Cyclothem occurs. No memoirs
at all appeared for the Alston Block but it is obvious from the six inch
maps that the surveyors noted some variations from the standard sequence
established for Alston Moor. Despite this lack of memoirs, much valuable
information, mainly derived from the lead mines, was published on the
three Geological Survey Vertical Section Sheets for the area (62, 1877;
63, 1878; 66, 1878), all of which were prepared by David Burns. A sheet
for the Little Limestone Coal in Northumberland and Cumberland (South
Tyne District) was also compiled by Burns (56, 1878). Gunn (1897)
produced two memoirs for parts of north Northumberland, but these contain

details which have been corrected and incorporated in more recent Survey
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Dbublications. Some information regarding the Great Limestone, but little
else for the cyclothem, is to be found in the Appleby Memoir (102 S.W.:
Dakyns et al, 1897). The whole of the area under consideration is covered
by Old Series one inch to the mile Geological Survey maps which were
published between the years 1869 and 1895. The sheet numbers are as
follows (New Series numbers in brackets):-

110 N.E. (2), 110 S.E. (4), 109 N.W, (6), 109 S.W. (9),

105 N.W. (14), 106 N.E. (13), 106 S.E. (19), 106 S.W. (18),

101 N.W. (22), 101 s.Ww. (28), 101 N.E. (23), 102 S.W. (30),

102 N.E. (25), 102 S.E. (31), 103 N.W. (26), 103 S.W. (32),

97 S.W. (50), 97 N.E. (41), 97 S.E. (51), 98 S.E. (49),

92 N.W. (60), 92 N.E. (61).

The Dryburn Limestone of Northumberland was correlated with the Main
of Yorkshire and the Top Hosie ('"the limestone which lies below the Edge
Coals") of Scotland, as well as with the Great Limestone of Durham, by
Gunn (1898). 1In his correlation of the Great and Dryburn Limestones he
concurred with Lebour (1889). '

The Chopwell Woods deep borehole is recorded by Simpson (1902);
this borehole penetrated the cyclothem in the concealed area several miles
south-east and east of the outcrops in the Tyne Valley and on the Alston
Block respectively. ,

Also in 1902, Hind presented lists of fossils from Weardale for the
various members of the cyclothem; it would appear that the fossils listed
for the Little Limestone are actually from the Crag Limestone, however.

A further contribution to the palaeontology of the Great Limestone is to
be found in Smith (1910), the fauna established by him being incorporated
by Hill (1938). '

An extremely interesting paper by Clough (1903) shows how, in Upper
Teésdale, the full 55 feet of Great Limestone can be replaced by 10 - 12
feet of soft ochreous clay due to "famping', a process of conversion into
ochre.

The small area of Carboniferous rocks around Canonbie was dealt
with by Peach and Horne (1903) in the early part of this century and more
recently by Barrett and Richey (1945). In the former paper the relation-
ship of the rocks to those of Northern England and Central Scotland was

considered, but not altogether satisfactorily. In their report on the
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recently drilled Archerbeck Borehole in this region, Lumsden and Wilson
(1961) correlate the Catsbit and Blae Pot Limestones with the Great and
Little Limestones respectively. This correlation is entirely satisfac-
tory, especially since the beds between the two first-named limestones
are similar in lithology to those found between the Great and Little
elsewhere,

The development of coal in the cyclothem was fully reviewed by
Smith (1912) for the whole of Northern England. Some of his correlations
of seams in Northumberland have been shown to be incorrect but this is
of small matter when the large area that was considered is taken into
account. .

Revision of the mapping of Cumberland, Westmorland, Northumberland
and Durham by the Geological Survey was begun in-1920 and is still being
carried on. Much useful information acquired during the mapping was
published in Summary of Progress for the years between 1920 and 1930
but most of this has been incorporated in the memoirs for the relevant
areas where these have appeared. Of particular interest, however, is
the paper by Bernard Smith (1927) in which a section through what is
probably the Great Cyclothem is reported from one of the boreholes drilled
at. the northern end of the Isle of Man. The only published information
pertaining to the area at the northern end of the Lake District, except for
that by Trotter (in Trueman, 1954), is to be found in Summary of Progress
(Eastwood, 1931); however, the one-inch geological map for the latter area
(Sheet 23) has appeared recently. A list of one-inch maps and memoirs

for the re-surveyed areas which are relevant to this work is given below:-

Sheet Date Author of Memoir and
Number Published Name © Date published
2 1925 Berwick-on-Tweed Fowler (1926)
4 1925 - Holy Island Carruthers et al. (1927)
6 1930 Alnwick Carruthers et al. (1930)
9 1934 Rothbury Fowler (1936)
14 1955 Morpeth Not published
18 1930 Brampton Trotter and Hollingworth (1932)
19 1956 Hexham Not published
22 1930 Maryport Eastwood (1930)
23 1959 Cockermouth Not published

28 1929 Whitehaven Eastwood et al.(1931)




From the foregoing it can be seen that the major part of the relevant
area of Northumberland has been re-surveyed and for much of it there

are memoirs available, Memoirs are also at hand for north-east Cumber-
land and the west side of the Lake District, but unfortunately the one
for the Cockermouth sheet, although in preparation, has not yet appeared.
From the information available, however, it would appear that the Little
Limestone becomes an impersistent horizon westward across‘this last named
sheet., If this is so there is then no well defined upper boundary for
the cyclothem. No detailed consideration of the information which has
been obtained from the memoirs will be made here, since it will be fully
referred to later. However, it is of interest to note that in the
Brampton Memoir (Trotter and Hollingworth, 1932) the first real attempt
was made at an organized study of lateral variation within the cyclothenm,
the problen considered being the variable development of the Little Lime-
stone Coals.

Earle (1921) and Edmonds (1922) both correlated the First Limestone
of West Cumberland with the Great Limestone, the former by mapping around
the northern end of the Lake District, and the latter on the basis of
lithological and faunal characteristics. This correlation has been up-
held by the Survey (Eastwood et al, 1931).

Records of certain shaft sections are to be found in the Special
Reports on Mineral Resources (Lead and zinc ores) by Carruthers and
Strahan (1923, Durham, Yorkshire and Derbyshire) and Smith and Carruthers
(1923; Northumberland and Alston Moor).

A further contribution to the knowledge of the cyclothem in the
region east of the outcrops on the Alston Block was made by Woolacott
(1923) and Lee (1924) in their accounts of the Roddymoor boring, Crook.

An addition to the knowledge of the fauna of the Great (= Main)
Limestone was made by Garwood and Goodyear (1924) who also mentioned the
fossil list of Hughes (1908) for the same limestone. Turner (1927) also
published a faunal list for the Great Limestone.

Hudson (1924 and 1941) considered the 'Red Beds' and 'Black Beds'
of Swaledale to be the lateral equivalents of the Coal Sills Group and
to underlie the Little Limestone, as did Dakyns et al. (1890 and 1891).
However, Hudson only made incidental reference to the above correlation.

Further details of the development of the Little Limestone Coals
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are given by Hedley and Waite (1928) for the district north of Corbridge.
The thick sandstone which occurs below the coals and the Snope Burn
Marine Band in the Tyne Valley region is named the Black Pasture Sill
(after Lebour, 1875). Hedley (in Hickling, 1931) only gives a very
general account of the cyclothem in Northumberland but it is interest-
ing to note that the Little Limestone of the south is correlated with
the Cushat Limestone of the north, thus fixing the upper limit of the
cyclothem farther afield. This followed the correlation established by
the Survey (Summ. Prog. G.S.G.B., 1925).

In his introduction to Scottish Carboniferous stratigraphy MacGregor
(1929) correlated the Top Hosie Limestone, which forms the base of the
Limestone Coal Group, with the Great of Northumberland, but no equivalent
of the Little Limestone was suggested to fix the upper limit of the
cyclothem,

Miller and Turner (1931) working in the Dent Fault and Shap districts
correlated the Main Limestone of the block with the Great Strickland or
Kings Meaburn Limestone of the latter district. They thus re-iterated
the correlation established by the authors of the Appleby Memoir (Dakyns
et al, 1897). The Bewley Castle Limestone of the Shap district was
correlated with the Crow Limestone whilst the representative of the Upper
Little Limestone was taken as a thin limestone which was observed in the
River Lowther, one of the rivers of the Shap district. A faunal list
was also given for the Main Limestone, containing specimens collected
from both areas. The Stainmore area of Westmorland was dealt with by
Turner (1935) mainly from a tectonic viewpoint but the presence of the
Coal Sills was demonstrated and the Great Limestone was mapped into the
Main across the highly faulted ground of this region.

Carruthers' "Adventure in Stratigraphy" (1938) was somewhat ill-
fated as far as the correlation ofi the Coal Sills Group from the Alston
to Askrigg Blocks is concerned since the Ten Fathom Grit of Rogan's Seat
and Arkemgarthdale was equated with the "Upper Coal Sill (and possibly
the lower one also) of the Teesdale sequence', The Crow Limestone over-
lies the Ten Fathom Grit in Swaledale and Carruthers considered this to
be the equivalent of the Little Limestone of Teesdale, the name Little
Limestone being used for a bed which he considered to lie below the Coal

§ills in Swaledale. There is no doubt that Carruthers was misled by the
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dying out of the arenaceous members of the group and their partial
lateral replacement by chert to the south GNells, 1955a and 1955b).
This mis-correlation does not completely detract the value from the
work, because a few useful sections are quoted for the Alston Block.
However, it does give a plain warning that the use of measured sections
alone for correlation is inadvisable.

TheAcyclothem cannot be recognised as such in the Furness District,
as indicated by Dunham and Rose (1941), because of the marked facies
change. However, beds of similar age undoubtedly form part of the
predominantly shaly Gleaston Group. A

The deep borehole in the Cleveland Hills (Fowler, 1944) gives yet
another record of the cyclothem well detached from the outcrops to the
west of it.

Black (1950) tentatively correlated the Great Limestone with the
Scale Haw Limestone which occurs in the Bowland Shales and from which
Hudson and Cotton (1943) have recorded an E,a fauna.

Trotter (1952) considered the Namurian from the point of view of
sedimentation facies and demonstrated how an important facies change
takes place above the Great Limestone. He tentatively suggested that
the Johnstone Shell Bed of Scotland may be the déteriorated represen~
tative of the Little Limestone of Northern England, as well as re-stating
the Top Hosie - Great Limestone correlation.

Some general information is to be found in the Regional Guides for
Northern England (Eastwood, 1953) and the Pennines and adjacent areas

(Edwards and Trotter, 1954).
The authors of the guide to Ingleborough (Dunham et al, 1953) and

Hicks (1959) noted no limestone in the 200 feet interval between the
top of the Main Limestone and the grit that caps the mountain. However,
the exposure of the beds at this point is by no means perfect.

- In her concise review of the Lower Carboniferous rocks in the North
of England, Rayner (1953) suggested that the Viséan-Namurian junction
lies between the Great and Four Fathom Limestones and that the base of
the Great Limestone should be defined as this boundary. Currie (1954),
working quite independently, showed that the Top Hosie Limestone of
Scotland lies at the base of the Namurian. Also in 1954, Craig gave a

very interesting account of the palaeoecology of the Top Hosie Shale,
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Brief mention of the cyclothem is made in the guide to the Alnwick
district (Westoll et al, 1955). '

The fauna and lithology of three biostromes developed in the Great
Limestone were described in detail by Johnson (1958). 1In ascending
order they are the Chaetetes Band, Brunton Band and Frosterley [Marble]
Band. The first two were new whilst the other had been described by
Dunham (1948). 1In his account of the Roman Wall district, Johnson (1959)
dealt mainly with the Great Limestone, but some sections for the whole
cyclothem and a general account of the same were given. More evidence
was also put fofward for defining the base of the Great Limestone as the
Viséan-Namurian boundary.

The Bewley Castle Limestone of the Appleby district was correlated
with the Little Limestone by Versey (1960).

Ferguson (1961) gives an interesting account of the fauna of the
Tumbler Beds from where they are well developed at the top of the Great
Limestone in the quarries around Stanhope, Weardale. The new genus.
Claviradix is more particularly considered than the rest of the fauna.

A thickness of 94 feet is also recorded for the Great Limestone; this
thickness is inaccurate and considerably in excess of that actually
present.

Details for a very poorly exposed area are given by Dunham and John-
son (1962) in their detailed stratigraphical and palaeontological account
of four boreholes.drilled on Swinhope Moor, East Allendale.

The position of the Viséan-Namurian boundary in north-east England
is further clarified by Johnson, Hodge and Fairbairn (1962) who report
a number of new goniatite finds relevant to this problem. The pertinent
details are contained in the "stratigraphical position" chapter and a
reprint of the paper is enclosed. Suffice to say, the boundary is placed
at the base of the Great Limestone.

Turner (1962) has described the distribution of the Chaetetes band
in the north-west quarter of the Askrigg Block.

The works of Dunham (1948 and 1950) have been omitted until here
because they are the basic models for a series of more recent contributions,
each of which conéider and evaluate lateral variation within the cyclothems
of specific areas. In the Northern Pennine Orefield (Dunham, 1948), in

addition to dealing with the other cyclothems of the sequence, a succinct
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account of the variations in the development of'the Great Cyclothem on
the Alston Block is given, and the presence of sandstone-filled washout
channels is first suggested. Other variations from Forster's standard
Alston Moor sequence (with Wallace's White Hazle inserted) are also given.
The 1950 paper of Dunham considers the Lower Carboniferous from the point
of view of sedimentation, but it is based on 112 sections of strata
compiled frbm records of boreholes, mine-shafts and underground workings,
as well as surface exposures. 69 of these sections contain a record
through the Great Cyclothem and these have been placed at the author's
disposal., It was in this paper that the term Great Cyclothem first
appeared in print.

Recently, the geology of the Moor House Nature Reserve has been
investigated in great detail by Johnson (Johnson and Dunham, 1962).
During this survey the development of the cyclothem in the Cross Fell-
Great Dun Fell area was examined.

The works referred to below, each of which considers the cyclothem
within a specific area, are either theses or papers based on theses which
were presented for the degree of Doctor of Philosophy by the various
authors. Little information regarding them will be given here as they
will be fully referred to in the text., Fig. 2 shows the positions of
the areas involved in these works, as well as those for some of the more
important works mentioned above,

Short (1954) covered the northern part of the Pennine Escarpment
from Ardale, below Cross Fell, to Croglin Water, thus overlapping on to
the southern part of the Brampton sheet (Trotter and Hollingworth, 1932).

The south-east part of the Alston Block, between Middleton-in-
Teesdale and Woodlands, was considered by Jones (1956).

The Cotherstone Syncline and Askrigg Block have been almost completely
resurveyed by recent workers, the only large area of Carboniferous rocks
remaining to be studied being that between Ingleborough and Coverdale,
south of the Ure.

Reading (1954 and 1957) investigated the Cotherstone Syncline,
overlapping the ground considered by Turner (1935) to a small extent
in the west. Reading, however, gives complete stratigraphical details
whereas Turner was mainly interested in the tectonics of the area.

An extremely large area was covered by Wells (1955a, 1955b and 1957)
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who, in particular, investigated the development of chert within the
Great Cyclothem and the cyclothems immediately above and below. Al-
together 450 square miles of North Yorkshire were considered. Wells
showed that Dakyns et al. (1890 and 1891) and Hudson (1924 and 1941)
were incorrect in correlating the cherty Black and Red Beds with the
'Coal Sills' because the Red Beds are components of his Richmond Chert
Series which overlie the Little Limestone, the base of which forms the
top of the Coal Sills Group.

Rowell and Scanlon (Rowell, 1953 and Scanlon, 1955; jointly, 1957a
and 1957b), working to the west of Wells, investigated the north-west
quarter of the Askrigg Block. The Little Limestone "Pipe Bed", which
has since proved to be an extremely useful marker horizon, was initially
discovered by these workers and then independently recognized by Wells
(op. cit.) and Wilson (1957 and 1960).

Only the beds up to the top of the Great Limestone were examined
by Moore (1955, 1958, 1959 and 1960) in Upper Wensleydale and the ad-
joining areas since the higher strata had been adequately considered by
Wells (op. cit.). On the basis of his investigation Moore puts forward
a revolutionary theory to explain the sedimentation in the Yoredales.

Hicks (1958 and 1959) completed the coverage of the west side of
the Askrigg Block working to the south of Rowell and Scanlon. Of
particular interest in his area is the coarse grained, garnet-rich
sandstone of the Coal Sills Group which Wells (op. cit.) mistook as the
basal Millstone Grit component.

fhe only other recent work on the Askrigg Block which is of import-
ance here is that of Wilson (1957 and 1960). The area examined lies in
the south-east part of the Block, embracing Coverdale and the adjacent
valleys. Small isolated patches of chert and shale were shown to be
developed between the Great and Little Limestones of this area, but
normally the two limestones are in contact and frequently cannot be
recogniged as separate units. Wilson's area overlaps that of Wells to
a small extent in the north.

- Summarizing the situation as it was at the commencement of the
present investigation, a great deal of detailed information regarding
the Great Cyclothem, widely scattered over Northern England had appeared,
but apart from the limited work of Wells (op. cit.) on the cherty facies,
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no attempt had been made to organize the data so as to obtain a picture
of the changing conditions of sedimentation at the inception of Upper
Carboniferous times. The following work is an attempt to remedy this
situation in order to assess the conditions of deposition and recons-
truct the palaeogeography of the Yoredale delta and adjacent areas

prior to and during one of the delta's major advances.




CHAPTER II

STRATIGRAPHICAL POSITION

The position of the Great Cyclothem in relation to adjacent units
of the lithological sequence is shown in the following table which lists
the limestones forming the basal members of the cyclothems above and

below it on the Northumbrian Block.

ALSTON BLOCK ASKRIGG BLOCK
Crag Limestone . Crow Limestone
Little Limestone Little Limestone
Great Limestone }' Great Cyclothem {: Main Limestone
Four Fathom Limestone Undersett Limestone
Three Yard Limestone Three Yard Limestone

Phillips' (1836) Yoredale Series had as its upper-most member the
Main (= Great) Limestone, the strata above this being included in the
Millstone Grit Series. The Yoredale Series has since been extended
considerably higher than that of Phillips, the various surveyors (for
example, the Primary Surveyors, 1860 - 1890) and authors making their
own particular selection for a base to the Millstone Grit. More recently
Yoredale or Yoredaleian has been employed as a facies term to describe
the aiternaying limestone, shale, sandstone sequence typical of the
Lower Carboniferous in much of Northern England; for example, Hickling
(1931). Thus, despite the decision of a Committee of the British Assoc-
iation in 1925, the term has latterly been used with no very strict
stratigraphical meaning but it is a convenient term to describe the
facies. A Yoredale facies is developed above the Great Limestone north
and west of the type area of Wensleydale.

The base of the Great Limestone was taken as the base of the Bernic-
ian Upper Limestone Group by Carruthers (1923), a practice adopted subse-
quently by various authors, for example, Trotter and Hollingworth (1932)
and Dunham (1948). This grouping was based on the coral-brachiopod
zones established by Smith (1910) who was aided in his work in North-

umberland by Vaughan, the originator of the coral-brachiopod zonal
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sequence for the Bristol area (1905). The Middle;Upper Limestone Group
junction, af the base of the Great Limestone, corresponded to Smith's
D2-3/Dy boundary. Johnson (1959) has reviewed the coral-brachiopod zonal
position of the Carboniferous rocks in western Northumberland and conclu-
ded that the top of the Dibunophyllum zone lies between the Four Fathom
and Great Limestones. Thus the Great Cyclothem and succeeding strata lie
above the D zone of Vaughan. Obviously, this is why Smith had to erect
his extra sub-zone, Dy’ in order to fit the upper part of the so-called
Lower Carboniferous sequence of Northern England into the coral-brachiopod
zonal schene,

Only recently has it been possible to place the Carboniferous

sequence of north-east England into its correct position in the goniatite
zonal scheme originated by W. S. Bisat (1924). Aithough the distribution
of goniatites is relatively sparse in rocks of Yoredale facies, careful
and diligent search has brought to light several goniatite~bearing
horizons in the last few years. The discovery by the author and Dr. G.
A. L. Johnson of several small goniatites in shales just above the Little
Limestone warrants an appraisal of those previous goniatite‘finds which
have a bearing on the zonal position of the Great Cyclothem. Also, during
the last few years an amateur geologist friend of the author, Mr. R. A.
Fairbairn, has collected six goniatites from the shales which occur
immediately above the Great Limestone at Greenleighton Quarry, Northumber-
land. The critical zonal significance of these goniatites was not real-
ized initially by Mr. Fairbairn, but the author has had them examined by
Dr. Ramsbottom and Mr. Bisat who confirmed his and Dr. Johnson's tentative
identification of them. The horizons from which goniatites and related
faunas have been collected are enumerated below. The list has been
compiled from works by Dunham (1948), Trotter (1952), Rayner (1953),
Rowell and Scanlon (1957), Johnson (1959), Wilson (1960) and original
work by the author and his co-workers (Johnson, Hodge and Fairbairn,
1962): -

(i). Sudeticeras adeps Moore, P2, from shales above the

Acre Limestone on Holy Island and c.f. Sudeticeras adeps

Moorey; from a similar horizon at Ancroftsteads Limeworks,
three miles north of Lowick. Both were collected by J.
Rhodes (Trotter, 1952 and Rayner, 1953). The Acre Lime-
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stone has been correlated with the Three Yard Lime-
stone of the Northumbrian Fault-Block (Johnson, 1959).
(1i) Girtyoceras? costatum Ruprecht, high P,c,

associated with Girtyoceras sp., Sudeticeras sp. juv.
and Caneyella [Posidonial membranacea (M'Coy), from

shales above the Undersett (= Four Fathom) Limestone
in the Mount Pleasant water boring, near Barnard
Castle, (see Fig. 4a for the exact horizon). The
fauna was collected by Dr. Johnson and the goniatites
determined by Dr. Stubblefield and Mr. Bisat (Rayner,
1953 and Johnson, 1959).,

(iii) Tylonautilus nodiferus (Armstrong) early mut.,

in association with Caneyella [Posidonia] membranacea

(M'Coy); this find is considered to be indicative of
highest P, or low E,, although Trotter (1952) and
Rowell and Scanlon (1957) have indicated that

T.nodiferus early mutation ranges throughout E1.

The fossils were collected by Dr. Johnson from shales
above the Four Fathom Limestone in Chineley Burn, above
Bardon Mill, Northumberland (Johnson, 1959).

(iv) ?2Cravenoceras Spe., E1; collected by Dr. Wilson

and identified by Dr. Ramsbottom. The specimen is a
single fragmentary goniatite collected from shales
approximately 20 feet above the Undersett Limestone
(Wilson, 1960). |

(v) Eumorphoceras pseudobilingue (Bisat), E,;
collected by Dr. Hudson from shales immediately below

the limestone on Fountains Fell which is usually
considered to be the Main. Some doubt has been cast

on the identification of this limestone as the Main

by Trotter (1952). The limestone occurs in very poorly
exposed ground but in the light of the goniatite
discoveries listed here it would seem likely that it

is the Main. Identification of the goniatite was by
Mr. Bisat. This record (Hudson, 1941) is confirmed

by Black (1950) though the Eumorphoceras of Black was
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Fig. &4

Sections to show the stratigraphical position of

the more important goniatite-bearing horizons.

(a) Barnard Castle Borehole
(b) Greenleighton Quarry

(¢) Swinhope area
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considered by Mr., Bisat to be an earlier spe