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The effects of burning on heather moors of the South Pennines,

The problem is dealt with under two main headings, a) the short-
term and b) the long-term effects of burning.

Short-term effects,
1, On the vegetation, Calluna and the dwarf shrubs may be
completely destroyed by fire, but species that are caespitose or

have protected underground parts commonly survive, Regeneration

of the dwarf shrubs is facilitated by their high seed-production,

but they can regenerate vegetatively if not killed. The interval

between successive burnings ('cycle-length}), and not fire damage,
appears to be a major factor in determining the floristic comp-

osition of the vegetation,

2, On the soil, The base-status of the upper soil horizons
declines through each cycle, Leaching experiments show that an
increased amount of base is lost in the run-off water and leachate
soon after burning, It is concluded, in view of the restriction

of the rooting sysfems to the upper soil, that there is in this
way an appreciable loss of bases from the peaty horizons at each

burning.

Long-term effects,
1, On‘the vegetation, There 1s evidence that 150 years ago

heather moors were considerably richer in species than they are

today. It is also shown that long-ccntinued systematic burning

leads to a greater loss of species than irregular and less grequent

burning,




2, On the soil. In all cases examined, woodland soils show
a higher base-status than closely comparable soils under moorland,
and it seems clear that the fertility of the moors is lower than
1t would have been had their former woodland persisted. The
phytometrical use of green heather leaves substantiates these
findings, and shows the fertility of o0ld moors to be less than
that of moors of recent origin,

In the final section the economic utilisation of heather

moor is discussed.



Preface

The research investligation described hereln was
undertaken at the suggestion of Professor L.R.loore of the
University of Sheffleld early in the sumer of 1950. At first
1t was intended to restrict investigation to the Ingleton
Coalfield, but as the work progressed it became necessary to
visit other nelighbouring areas, and during the summer of 1951
the small Stalinmore Coalfield was examined. It was declded
to include a systematic account of this coalfield for
comparatlve purposes. Nelther coalfield has ever Eeen the
subject of detailled and systematic study and the results of
the present investigation summarized 1n the following pages
therefore add very materially to our knowledge of the Upper
Carboniferous rocks of the Pennines. These researches are
embodied within the accompanylng thesls, which I beg to
submlt to the University of Sheffield for the degree of
Doctor of Philosophy of that University.

It 1s claimed that the researches described hereln
constifuteré‘fﬁhdamental contribution to the knowledge offthe
geology of the North of England and, in particular, of the

sequence and structure of the Upper Carboniferous rocks of the
Pennines. The new facts brought to light arei-

1) A stratigraphical and palaesontological account of
the Namurian sequence near Ingleton .~ with the
description of new non-marine faunas.

2) A similar account of the Ammanlian and MNorganian
sequence of the Coal Measures ol Ingleton, embody-
ing the first full account of floras and faunas of
these beds, and thelr zonal subdivision based on
these fosslls.,

3) The recognition of an Intra-Coal lMeasure Uncon-

formity within the Ingleton Coalfield, ascribed to

a phase of the lalvernian moverents.



4) Additilonal information concerning the structure
of the Ingleton Coalfield as a result of field-
mapping and the study of mining plans and
boreholes records. This information is of
economic importance in the event of any further
exploration of this coalflield for coal reserves.

5) A stratigraphical account of the Upper
Carboniferous rocks of the Stailnmmore Coalfield,
including the first accounts of non-marine faunas
and floras of Ammanian age of that area.

6) The general correlation of Coal lileasures at
Ingleton and Stainmore with other British Coal-
fields, in particular with those of Lancashilre

and Yorkshire.

7) Additional information concerning the zonal

distribution of Upper Carboniferous.rocks in the
North of England and in particular of the rapid
changes in the Namurian and lower Ammanilan
sediments between Ingleton and Stainmore acréss the

region of the Craven Fault System.

The writer acknowledges with thanks the award of a
Maintenance Grant from the Department of Sclentiflic and Industrial

Kesearch which enabled these researches to be carrled out over
a perlod of two years. During this period the research
investigation was supervised by Professor L.R.Moore, and the
writer wishes to express his gratitude for this help and

advice throughout the work.
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THE INGLETON COALFIEID AREA
I. Introduction

The - greater part of the Ingleton Coalfield lies in the
West Riding of Yorkshire, with only small areas in the .
ad joining counties of Lancashire and Westmoreland. It 1is
siltuated some 30 mlles from the nearest parts of the Yorkshire
and Lancashire Coalfields, and 50 miles from the Durham and
Cumberland Coalfields. (Fig. 1 ). Lying immedlately south
of the Craven Fault System it 1s both geographically and

geologically linked to the Yorkshire and Lancashilre
Coalfields.

The area mapped has included the upper parts of the
Millstone Grit south and west of the coalfield. Detalled
mapping on a 6 inches to one mlle scale has been carried out
over a roughly triangular area bounded by the Craven Faults
on the north east, the River Lune on the west,and the

River Wenning. Of this, Coal Measures cover a roughly

“semicirculaf area based on the Craven Faults of about <8 sq.
miles and Mlllstone Grit a further 15 sq. miles to the south
and west,although it is only possible to define the boundary

between the two along the southern edge of the area (Fig. 3).

The area mapped falls within the boundaries of 0ld Series
1" Sheets 91 NE, 92 NW, 98 SE, and 99 S.W.

) The greater part of the coalfield lies at altitudes

of 400 feet 0. rising to about 800 feet 0.D. along the
Craven Fault scarp and fallling to about 100 feet 0.D. in thse
‘Lune Valley. Topographically almost the whole of the
coalfield is typical drumlin country, and features bear
little relationship to the solid geology. Exposures of

solid rock are confined to the more deeply inclsed rivers,

Drainage 1s generally westerly towards the Lune, wlth the
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more lmportant streams beling,.from north to south, Leck Beck,
Cant Beck, River Greta, and River Wenning. All of these
rise on or near the Craven Fault scarp and flow south-west
untll reaching the lower ground, when they turn due west.

No coal 1s at present being mined in the area, the
last pit having closed in 1935, Consequently the author
has been unable to exXamine any of the underground workings,
but numerous mine plans, shaft sections and borehole records
have been obtalned, covering most of the known area of
workings. Known workable coals are entirely confined to
about < sq. miles in the south eastern section of the
coalfield (Figs.18&19)but a few exploratory borings were
sunk further west. All but one of the deeper sinkings and
borings were completed before 1912 and several are
incomplete eilther in full record of strata penetrated or in
the presence or absence of fosslls. Lt appears that there
was little recourse on the part of the mlining companies to
reliabie geological opinion. Extracts from the dlary of
G.T.Sergeantson, mine owner, written in the 1840's have
given much valuable information regarding the older workings,
for which no plans exist.

The author would like to acknowledge the help of all
those who asslsted in the location of widely scattered
mining records, particularly the Small Mlnes Dept., N.C.B.,
Parkgate; the Opencast Prospecting Officers, N.WlDiﬁision,
Ministry of Fuel and Power; and Messrs. Ord and Mﬁddison Ltd.
ofiDarlingtoﬁ. For the loan of fossil collections he is
indebted to Mr.A.G.Brighton of the Sedgwick Museum,

Cambridge, and to Dr.C.J.Stubblefield of the Geological Survey.

For assistance in the identification of fossil faunas the
author 1s indebted to Dr. Weir, Dr.Eagar, and Dr.Stubblefield.
The author would also like to thank Prof.L.R.Moore for his
help and guldance throughout this work.
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II. Previous research

There has been remarkably little research iln the past
on the Ingleton Coalfield as such. Several of the larger
works on the geology of Yorkshire give brief accounts and
somé give sections of the cbal-bearing strata quoted from
mine managers. (Phlllips 1836; Davis & Lees 1878;

Bird 1881; Hull 1809; Kendall & Wroot 1924). Phillips

(1836) also glves a diagfammatic cross-section of the

coalfleld. Binney noted some Permian Breccias near
Ingleton in 1855 and suggested a correlation with the
Vale of Eden. Virtually the only serlous work was done by

Tiddeman for the Geological Survey in the early 1870's.
Unfortunately the coalfield'falls within the boundaries of

four 014 Series 1 inch maps (91 NE, 92 NW, 98 SE, QQBW)
and only two of the sheet memolrs were published |
(T1ddeman 1872, 1890). These give brief accounts of
certain exposures but the full description was reserved for
one of those which never appeared. Tiddeman also wrote a
brief general account for the Coal Commission of 1871, 1n

which he lncluded some very optimistic flgures for coal
reserves. Balderston (1890) described some of the faulting.

Glibson briefly described three borings in 1909 with
condensed faunal lists, parts of which were recently revised
by Stubblefield (in 1litt.). Strahan calculated the
thickness of CoalMeasures (now known to bé 1incorrect) in the

Guide to the Geological Model of Ingleborough (1910).

Newell Arber gave an account of the flora in 1912 based on
collections made by Prof. McKenny Hughes and Miss Elles in
the 1880's. The Economic Mémoir on Fireclays (1920)
recorded some near Burton-insLonsdale. ‘Kendall & Wroot

described the Permain Rocks in some detall in 1924 and in
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the same year Kidston referred to three plants from Ingleton

in his monograph. In 1941 Bisat and Hudson briefly
described some of the Millstone Grit of the Bentham ares,

quoting unpublished reports by Slinger on the River Greta.
Jongmans (1939) gave a revised interpretation of

Newell Arber'!s floral list, but confused soms of the
horizons. ‘

Thus there is no systematic account of the stratl-
graphy of the Coalfield in existence. Published sectlions
are confined to a single mine shaft and two streams. Somse
work on the flora has been done but on other peoples'

collections. Both Newell Arber and Jo&h&ns corréctiy
said that the flora was of Middle Coal Measure age.

Gibson, with very little evidence, claimed a passage from
red beds down into grey. Apart from the note "Anthracosia

in Black Shale" on one of Tiddeman's maps no fauna has been

il

recorded from.Ehe Coal lisasures.

Several works on the regional tectonlcs of the North of

England have included discussions of the faults which bound

the coalfleld on the north and north east but none have

included any evidence from within the coalfield

(Anderson 1947).
Within the last three years, work as yet unpublished

by F.Moseley has given considerable insight into the
succession and structure of the Millstone Grit to the south
of the coalfield, and the author would like to acknowledge
his cooperation in the field and free access gliven to his
field notes and fossil collections. Only combined

operdtions in the Bentham area have made it possible to

elucidate the detailed structure there.
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IITI. Succession of Strata

(2a) Upper Carboniferous

The general structure of the Ingleton Coalflield 1s that
of a synclinal basin wlth an axils frending roughly WNW =
ESE, but affected by subsidiary structures so that overall
apparent simplicity may be mislsesading. The basln 1s
truncated on the north east by the Craven Faults, and on
the north west the relations to the Lower Carboniferous are
unknown due to concealment by drift. On the south and
south west the upper parts of the Millstone Grit dip bensath
the Coal Measures at angles of 10 =~ 20°. In the centre of
the basin the Coal Measures are overlain.by7Permian.Breccias.
The western part of the coalfield is almost entirely con-
cealed by drift (Fig. 2 ).

‘ 1. Mlllstone Grit
(a)*ﬂéenefal. A succession of coarse grits, sandstones,
flags and“shaleéufypical of the Centrél Pennines flanks the
coalfileld and'fhe‘sequénce of beds 1is an extension of the
Lancagter Fells'Succession.described by Moseley (M.S.1952).
(Fig. 4 ). Beds reprﬁéentative of the upper part of the E
zone, and the H, R, and G ﬁones outcrop within the area
mapped and the lithologlcal subdivisions used are those
propdsed by Moseley. The most w;despreadhorizon ls that
of the Clintsfield Coals which oc@ur at the top of the H
zone. Exposures of beds beloﬁ thathorizon are widely |
scattered and no cpmpietedséction 6Xlsts within the area. *
For the beds between the Clintsfield Coal and the base of
the Coal Measures the type section 1s the River Greta where
_ thefed;s an almost unbroken section of over 900 feet of

strata.
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(b) Details of strata up to the Clintsfleld Coal. As no
complete section of these beds exists north of the River
Wenning the interpretation of the isolated exposures
concerned 1ls dependent on the type sections described by
Moseley in the adjolning Lancaster Fells. Marine Caton
Shales are exposed in the south bank of%the‘Wenning at
Bowtham Wood (N.G.R. 34/679 684) where they yield
Anthracoceras paﬁcilobum.(Phillips)fand Posidoniella laevis
(Brown). The base of the Caton Shales and the underlying
Roeburndale Grit are seen in Adams Gill (34/688 687 )
where Posldonia corrugata Etﬁeridgé is abundant. In
Mereglll, a little further east, ghales with.Anthraéoceras
are exposed immedlately ﬁorthéfAfhe fault (34/704683 )
vhere they are overlaln by 50 feet of sandy shale followed
by at least 40 feet of flags, probably the Claughton Flégs.
East of the head of Meregill, near 0ld osutt, (3‘%/ 05 687) an
old quarry exposes a coarse felspathic grit,mprobably“the
Ogﬁ Bank Grit. Tﬁe Caton Shales are éléo seen in se%&ralr

small streams west of Clapham.station, and south.of the

Wenning, Where they yield Anthracoceras paucilobum;and
.seen

Posidonia corrugata. ‘The Claughton Flags are alsq/near

Wennington, in the River Greta, and in some small qQuarries

. &

near Melling. The Oak Bank:Grit and its subsidlary upper
leaf the Crossdale Grit, are undoubtedly'present north of

the'Wenning but cannot be differentiated owing to poor

GXposure.
¢

Above the Oak Bank Grit are some 20 feet of mariné
Crossdale Shales which have ylelded Homoceras undulatum
(Brown) in the Bowland Iells. Ihe Crossdale Shales are
incompletely exposed in the Wenning (34/626702 ) and in the
Greta (34/626720 ) below the Clintsfield Coals, and

so far théy'have yielded only Lingula amd fragmentary



unidentifiable Productids.
(c) Details of strata from the Clintsfield Coals to the
Rough Rock. The only complete section of these beds is in

g\the River Greta west of Burton-in-Lonsdale where for about

a mlle and a half the gently dipping strata are exposed in

the river banks. Four subdivisions are used as follows:-
4. Rough Rock and Rough Rock Shales.

5. Greta Grit Group.

2. Bentham Grit Group.
l. Clintsfield Coals and Grit.

l). The Clintsfield Coals and Grit are placed at the top
of the Homoceras stage by Moseley, who records a late form
of Homoceras in the sandy shales immediately overlying the
grit. The coals are three in number totalling two feet in
thickness on the average. JIFour or more feet of sandy
ganister intervene between.tﬁe coals. Locally the middle
orﬂlower coals reach 18 inches in.thickﬁess and old outcrop
workings and bell pits enable thé‘outcrop”fo,be traced
1nte;ﬁittently'from.near Cantsfield S.E. across the Greta,
and from.nearWenniﬁgton for some 335 miles eastwards to
beyond High Bentham. The most easterly workings are near
Low Liﬁghaw Farm (34/682688 ) but Ganister workings on
Linghaw Cross appear'to be on the same strike 5 mile to the

north. east. Unsuccessful attempts to work coal near

Buckhaw Brow, some 4 miles further east and outside the

area studled, were probably at the same horizon. The coals
and the thin overlying grit tétgl some 45 feet and are well
exposed in both. the Wenning and Greta. The Clintsfield
Coals and Grit were consldered as a lower subdivision of the
Bentham Grit Group by Moseley (MS 1952) but the present
‘author prefers to take the base of that group above the
Clintsfield Grit, so that lithological and palaeontological

boundaries coincide.

LA A
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2). The Bentham Grit Group.

As developed 1n the River Greta the group includes two
sedimentary cycles. FEach contains a thick grit with an
underlying series of shales and flags. (Fig. 4 ). The
group totals 450 feet In thickness and falls into the
gonlatite zone Ry. Above the Clintsfield Grit are about
80 feet of saﬁdy shales and flags with brachiopod casts.
The top of theseé 1ls marked by a ganister which makes a reef
across the river 200 yards S.W. of Stubbing Barn, and
lmmediately above this in the north bank are black shales
wlth Reticuloceras reticulatum (Phillips). This 1s the
marine band referred to by Bilsat and Hudson in 194l. The
black shales total aﬁout 80 feet in thickness, although the
top i1s not seen. Above are the Lower and Upper Bentham
Grits, both 80 feet thick, false bedded, coarse, pebbly,
red and felspathic, with an intervening group of flags and
sandy shales. A thin shaly coal occurs within the top of
the Lower Bentham Grit.

Beds belonging to the Bentham Grit Group outcrop at
intervals along the River VWenning. The Upper Bentham Grit
1s seen in the Wenning south west of High Bentham, and in
several small streams draining into it. The Lower Bentham
Grit is not seen 1n the Wenning and appears to die out
southwards, as 1t is much reduced in thickness 1in the
Bentham Station Borehole (34/666689) (Fig. 4 ). The shale
with the R. reticulatum.mariﬁe band in the Greta appears to
split southwards and several shales with marine fossils with
intervening sandstones are recorded by Moseley in Eskew Beck,
Moulter Beck and Mill Lane Beck south of the Wenning. An
intermediate stage is recorded in the Bentham Station
Borehole, where a marine band with Reticuloceras cf.
subreticulatum (Foord) is recorded at 338 feet. A

marine shale in the south bank of the Wenning 10 yards west
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of High Bentham Bridge occupies a similar position in the

sequence although no goniatites have been obtained. The

base of the shale 1s not exposed.
The following fauna has been collected in situ from
the Bentham Grit Group:~- (not including faunas recorded

S. of the R.Wenning by Moseley) .

Chonetes cf. hardrensis Phillips
Crurithyris urei (Fleming)

Derbyia glgantea Thomas

Lingula mytiloides Sowerby
Orbiculoidea nitidea (Phillips)
Productus carbonarius De Koninck
Schizophoria sp.

Crinoid columnals

Nuculana c¢f. attenata (Fleming)
Coleolus carbonarius Demanet

C. retliculatus Demanet.
Glabrocingulum sp.

Euphemites jacksoni (Weir)
Pseudorthoceras sp. 2
Ephippioceras aff. clitellarium (J.de.C.Sowerby) 4
Metacoceras spe. ([
Dimorphoceras sp. \
Reticuloceras reticulatum (Phillips) 1

-
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R. reticulatum young form %
Rhabdoderma sp. 1
Locallitiess-

l. Nr.Stubbing Barn, R.Greta. 4. Bentham Bridge.

2. Above Clintsfield Grit, 5. R.wénning, near
R.Greta. Low Bentham

3. Riddings Beck, E. of 6. Nr.Gill Farm, S of
Wennington Greta.

The following fauna was obtained from the Bentham

Station Borehole and is-in the Geological Survey Collection

- (Specimen nos. W.G. 537 - 552)i~

Chonetes c¢f. hardrensis Philllips l, 4
Lingula mytiloides Sowerby S, 4
Orbiculoidea nitidea (Phillips) 1, 4
Productus carbonarius De Koninck l, 2

, Crinoid columnals : l, 2, 3, 4

» Aviculopecten cf. lossenl (von Koenen) 1
Nuculana cf. attenata (Fleming) 3
Paleolima boltoni Demanet 3
Cleiothyridina sp.. 2
Glabrocingulum spe. %
Ptychomphalina sp. 3
Euphemites jacksoni (Weir) 3, 4
Ephippioceras aff. clitellarium (J.de.C.Sowerby) 3
Homoceras sp. 3

Reticuloceras cf. subreticulatum (Foord) 3
Forams. including Rectocornusplra %
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Localitlest:~- Bentham Station Borehole
l. 123 -~ 214 feet

4. 588 - 602 feet

3). The Greta Grit Group

The base of the Greta Grit Group 1is taken at the
Reticuloceras gracile marine band which lmmediately overlies
the Upper Bentham Grit in the River Greta. The group
contains two grits of which the lower - the Greta Grit - is
a massive coarse red felspathic pebbly grit, and the upper
is a finer grained white quartzitic grit (Fig. 4 ). The
Greta Grit and its underlying sandstones and flags are well

seen in the north bank above some 40 feet of black shale

with Reticuloceras graclle Bisat (34/634719 )e The

upper part of the group 1s exposed in both banks but 1s
partly obscured by landslips at times. Sandy shales and
flags form the bulk of this part. A thin black shéle over-
lies the Greta Grit, and although its base 1is not seen in
the Greta, an exposure in Nutgill Beck (34/695707 )
shows 2 inches of coal with Lingula in the roof shales.
The Grata Grit can be traced intermlttently from the
Greta towards Bentham, and is the grit upon which most of
High Bentham is built, and which is incorrectly shown as
Rough Rock on the 0ld Series Sheets 91 NE and 92 NW. The
R. gracile band is exposed below this near High West End

Farm, Low Bentham (34/647698 ) and at Belle Bank, east of
High.Bentham.(34/677695). The Greta Grit appears to have
peen encountered in the Seat Hall Borshole /34/661698 )
although the avalilable recoxrd 1is too generaiized for exact
correlation. As shown in Fig. 4 , this borehole can

partly be correlated with the type section in the Greta by
paleontological evlidence. The white upper grit of the

Greta Grit Group is best seen in the north bank of the Greta
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near the hydraulic ram (34/639719). Some 60 feet higher
at the mouth of a small tributary on the south bank is the
marine band with Gastrioceras cancellatum Bisat which
marks the base of the overlyiggphock Shales. The Greta
Grit Group thus falls into the Ro goniatite zone, and is
260 feet thick In the Greta.

The Holden House Borehole sunk in 1906 in the centre of
the coalfield, two miles north of Burton-in-Lonsdale
(34/658741) 1s believed to have peﬁetrated the Greta Grilt
Group. ©No fauna has been preserved, and the only faunal
records are those given in an unpublished report by
Prof. Lebour, listed below and also shown in Fig. 4 o
Comparison of the record of strata'penetrated with thse
type section in the Greta, together with the report, gives
clear evidence that the boring reached the Upper Bentham
Grit before being abandoned, and the R. gracile band is
indicated by Prof. Lebour's reference to "at least three
specles of goniatité, Linéula, Orthoceras: Chonetes and
several 1amellibranchs'1n 45 feet of black shale down to
1645 feet'.

The fauna collected in situ from the Greta Grlt Group

i1s ag follows:i~-

Lingula mytlloldes Sowerby 1
Orbiculoidea nitida (Phillips) 1

Dielasma sp. 1
Productus Carbonarius de Kininck 1
Dunbarella speciosa (Jackson) l, 2, &

Posidonla obliqua de Koninck 1, 2, S
Posidoniella multirugata Jackson 2

P. vetusta (J.de. C.Sowerby) 1

P. cf. semisulcata Hind 1
Pseudamusium cf. purvesi Demanet 2,3
Orthoceras spe. 1
Dimorphoceras sp. 1
Reticuloceras graclle Bisat 1, 2, 3
R. ¢f. bilingus Bisat 1, 2, 3

Fish Spine
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Locallitless:~

l. N.Bank of R.Greta (34/635721)
2. Nr.High West End, Low Pentham
S Belle Bank, High Bentham

The following fauna from the Seat Hall Borehole 1is in

the collection of the Geologlical Survey (Specimen Nos.

W.G, 440 - 441, 499 - 536)

Chonetes c¢f. hardrensis Philllps

C. laguessianus de Konlnck
Lingula mytliloldes OSowerby
Orbiculoidea nitida (Phillips)
Productus carbonarius de Koninck
Spirifer bisulcatus J.de. C.Sowerby
Dunbarella speciosa (Jackson)
Posidoniella c¢f. minor (Brown)
Tornquistia c¢f. polita (McCoy)
Orthoceras sp.

Anthracoceras sp.

Reticuloceras gracile Bisat l, 2

R. gracile, old age form = R.davisl (Foord and Crick:s) 2
Re. reticulatum (Phillips) 4 '
R.cf. reticulatum (Phillips) 1

-
R R
-
>

> O O >
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Localltlies in the Seat Hall Borehole:-

l. 444 - 454 feet 2. 464 -~ 486 feet
OS¢ 490 =~ 499 feet 4, 515 -~ 525 feet

4). The Rough Rock and Rough Rock Shales.
Between the top of the Greta Grit Group and the Rough

Rock are 110 feet of dominantly‘éhaly beds, with subordinate
flags. These are exposed only in the River Greta, and are
best seen in the south bank between the Chalybeate Springs
(34/643719 ) and the small tributary some 300 yards

downstreanm.

At the base is a marine band with the followlng fauna:-

Lingula mytiloldes Sowerby
Orbiculoidea nitida  (Phillips)
Productus carbonarius de Konlnck

Nuculana sharmani Etheridge

Anthracoceras spe.
Gastrioceras cancellatum Bisat

G. ¢f. lineatum Wright

Gastrioceras spe.
Megalichthys spe.

The marine shells are confined to one inch of fine black
shale, Coarser shale contalns Lingula alone for half an

inch above and below. Two inchés of coarse shale between

the marine band and a thick ganister below contain large but
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poorly preserved non-marine lamellibranchs which include:=

Carbonicola lenicurvata Trueman
C. ¢f. lenicurvata Trueman
C. aff. pseudacuta Trueman

C. ¢cf. deansl Eagar
C. cf. obliqua Wright

T C. cf. protéa \Wright
1t is possible to obtaln slabs of shale less than one
inch thick with marine shells on one side, non-marine on the
other, and Lingula between. The non-marine shells are in
considerably coarser and more micace;us shale. Twenty flve

feet higher 1s a thick black rootlet shale and two inches of
~coal overlain by a grey shale with poorly preserved small
shells doubtfully referable to cf. Carbonlicola lenicurvata

Trueman and c¢f. C. pseudacuta Trueman. These shales are
incompletely exposed and appear to pass up into a thin
series of flags capped by a hard ganlster, and the shales
above thls contain scattered Gastrloceras cumbrlense Bilsat.
One band one inch thick contains abundant fragments of

G. cumbriense and other shells. The fauna obtalned from

this band is as follows:-

Lingula mytliloides Sowerby
Orbiculoidea nitida (Phillips)
Productus carbonarius de Koninck
Aviculopecten cf, gentilis Sowerby
Dunbarella speciosa (Jackson)
Posldonlella rugata Jackson

MetacoCeras sp.

Dimorphoceras sp.
Gastrioceras cumbriense Bisat

G. ¢cf. cancellatum Bilsat

G. ¢cf. crencellatum Bisat

Fish Scales 1ncluding Cladodus spe.
Cordaltes sp.

Diplotmema sp.

Twenty three feet above this band is the sharply
defined base of the Rough Rock, a coarse felspathic grit
27 feet thick. Bands of pyrite nodules near the top,
which are exposed'in.the river bed, probably weather to give
rise to the Chalybeate springs on the south bank. A
small fault repeats the Rough Rock and G. cumbriense band,
so that the latter is exposed four times - twlce 1ln each

bank. The best locality for collecting is in the south
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bank 10 yards N.E. of the Chalybeate springs.

The Rough Rock shales are not exposed elsewhere in
the coalfield but have been penetrated in two boreholes.
The Seat Hall Borehole commenced just above the G. €Gum-
briense band, and at 60 feet depth this penetrated a grey
shale with non-marine lamellibranchs, probably to be
correlated with the band with small c¢f. Carbonicola

lenicurvata 1ln the Greta, 25 feet above the Gastrioceras
cancellatum band. The latter is possibly represented by
the occurrence of Orbiculocidea nitida (Phillips) and
Paleoneilo sp. at 120 - 145 feet, though this may represent

the Linghla band above the Greta Grit.
The fauna of the Seat Hall Borehole in the Rough Rock

Shales in the Geologlical Survey collections is as followsg:-

Lingula mytlloldes Sowerby 1, 3
Orbiculoidea nitida (Phillips) 3
Productus carbonarius de Koninck 1
Nuculana sharmani Etheridge %
Palaeonello sp. O
anthraconala sp. A
Carbonicola sp. 2
Gastrioceras cumbriense Bilsat 1
G. ¢cf. cancellatum Bisat 1

Localities in the Seat Hall Borehole:=-

1. 40 feet | 2., 56 = 100 ft. (one
specimen labelled 60 ft).
5- 120 hand 14:5 feet
(Specimen Nos. W.G.
435 - 9, W.G. 483 -
498) .
The Holden House Borehole also passed through the Rough
Rock and shales. ©No fauna is recorded although
Prof. Lebour refers to the occurrence of marine fossils.
The lithologlical record shows a close similarity to the
succession In the Greta although thicknesses are much reduc-
eéd, the Rough Rock itself being only 10 feet thick (Fig.4 )
| Summarizing, the Millstone Grit sequence in the Greta
totals 900 feet from ths Clintsfield Coals up to the Rough

Rock.,. Other sections available for comparison are con-

fined to the three boreholes, Bentham Station, Seat Hall,
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and Holden House, and to scattered outcrops in the Wenning

Valley. All the avallable data is brought together in
Fig. 4 and 1t 1s evident that there 1ls a marked

attenuation from south to north, at least in the upper

zones, and probably throughout. The thickness from the

Reticuloceras graclile band to the Rough Rock is now shown
to be 400 feet . Bisat and Hudson (1941) quoted Slinger'

(unpublished, 1936) as giving a thickness of 150 feet.

1l. Coal Measures
(a) General. The Coal Measures fall naturally into two

groups; a lower group of dominatly grey measures which
contains the workable coals, and an upper group of
dominantly red measures without workable coals. The two
groups are separated by an unconformity described below

(p. o54) « Previous workers have not introduced any clear-
cut terminology, only provisional correlations to the Middle
and Upper Coal licasures of the Yorkshire and Lancashlre
successions. Lower Coal Measures have not been recog-
nised previously. The conventional terms of Lower and
Middle Coal lieasures are not used owing to the lack of a
definite limiting horizon which does not 1lntroduce ambiguity
when compared with other coalfields. For the sake of
convenience the two groups are deécribed as Grey Measures
and Red Measures respectively. JThe latter 1s subdivided
into an Upper and a Lower series for reasons glven below
(p. 28 ). The Upper portion of the Grey Measures, which
contains the workable coals wlll occaslonally be referred to
as Prbductive Coal Measures. It must be reallzed that
sone red-coloured beds do occur within the Grey leasures,
presumably due to secondary staining and oxidation, and
some grey beds also occur within the Red lleasures. Coal
Measures are well exposed in the River Greta south of

Burton-in-Londsdale and an ascending sequence is seen as
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the river is followed upstream to Ingleton. The River Greta
thus presents an almost complete succession of the Coal
Measures as developed in this area and consequently forms the

type section. In the northern end of the Coalfield Leck
Beck gives a long and somewhat complicated section of both
Grey and Red Measures. No single horizon has definitely
been recognized in both Leck Beck and the River Greta and
correlation 1s based on palaeontological evidence.
(b) Details of Grey Measurses.
1) Grey Measures =~ Rough Rock to Six Feet Coal.
Continulng the section in the River Greta upstream from

the Rough Rock there 1s almost unbroken exposure of some

000 feet of beds up to the base of the Red lMeasures at
Parkfoot (34/672718 ) all with a gentle northeast to
northerly dip. The workable coals are confined to the
uppermost 150 feet, and of these the lowest, the Six Feet
Coal, makes a useful horizon for mapping and subdivision of
the succession (Fig. 5 ). Above the Rough Rock in the
south bank is a thick fireclay followed by dark grey marine
shales with Lingula mytiloides Sowerby, Orblculoidea nitida
(Phillips) ard fragménts of Productus carbonarius Demanet,
In the coarse shales which follow are occasional

cf. Anthraconaia bellula (Bolton) and above a flaggy

development is a thin ganister, coal smut and sandy shale
with Dunbarella papyracea (J.Sowerby). Some 30 feet
higher 1s a thick ganister wlth two inches of coal overlain
by 18 inches of laminated black shale with abundant

D. papyracea and gonlatites. The latter are mostiy crushed

M

and slickenslided but ornament of the Gastrioceras listeri

group ls sometimes preserved. Also present are Lingula

ﬁytiloides and fish scales including Rhabdoderma and

Rhadinichthys. The band 1ls exposed 1n the south bank,

about 80 yards west of the remalns of a small welr

(34/644721 ).
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Some 25 feet above the G.listeri band 1s a transgressive
sandstone with a 6 inch coal near the top. A cycle of shale, .
flags, sandstone and ganlster follows but the base of the
shale 1ls obscured by the concrete of the welr. A thick
sandstone overlles the ganister, which has been worked in
both banks, and appears to split near the mouth of Clifford
Gill. The 1ntervening shales are exposed in a tunnel mouth
on the south bank close to the mouth of the gill {34/64871%
where they yileld abundant non-marine lamellibranchs includ-
ing: -

Anthraconala cf. lenisulcata Trueman

A. cf. bellula (Bolton)

Carbonicola fallax Vright

C. aff. fallax (elongate form)

C. cf. protea Viright
At this locality the non-marine shale rests directly on
the lower leaf of sandstone, but southwards, up Clifford Gill
the shale increagses in thickness, and south of a small
fault a thin Lingula band, thin éoal and black rootlet shales
are gseen below the non-marine shale (34/648714 ) «

Above the sandstones 1s a ganistef, formerly mined

for brick-making, and then 70 feet of blue-black shale, the
Mill Hill Shales, with rare fish scales and Calamlte
fragments. Thls sectlon 1s well exposed in a bluff east
of the lower reaches of Clifford Gill. In the north bank
of the river opposite Greta House the Mill Hill Shales are
seen.to pass up into two groﬁps of coarse red, yellow and
pufple false~bedded sandstones separated by grey mlicaceous
sandy shales. The lower group makes a prominent bluff at
fParks Wood (34/649719 ) and the upper forms the foundations

for the o0ld weilr below Burton Bridge (34/652719 ).
| Immediately overlying ths Burton Bridge Sandstones 1is

a fireclay followed by 8 feet of black shales with abundant
fish debris and non-marine lamellibranchs in a thin band at

‘the base. The band is exposed in the river bed close to

the south bank 20 yards west of the Bridge, but the
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lamellibranchs are commonly replaced by pyrite bands.
Better collecting may be had in Aspland Beck (see below).
The fauna collected from this band clearly indicates an

horizon in the communis zone and includes:=-

Carbonicola pseudorobusta Trueman

C. affi pseudorobusta Trueman

C. communis Davies and Trueman
C. aff. communis Davies and Trusman
C. aff. crista-gallli  Wright

C. cf. robusta (J.de C.Sowerby)
Acanthodes spe.

Acrolepis hopkinsi McCoy

Elonichthys altkenl Traqualr

Rhabdoderma aldingeri Moy~Thomas
Rhizodopsis sauroides (Willliamson)

Overlylng these shales is a thick development of'light
grey shales and sandy shales with subordinate sandstones and
two thin coals. About 280 feet thick this constitutes the

remainder of the succession up to the Six reet Coal.

Plant debris occurs at several horizons and pinnules of

'R
Neuropterls gigantea Starwberg are not uncommon. Lyginopteris
sp. was found near the top of these beds. In Aspland Beck

(34/677710 ) the lower part of these beds yielded
Anthraconauta minima (Hind). %75 feet below the Six Feet

Coal is the Bleaberry Coal, 4 to 8 inches thilck, With‘a_
thick white flreclay which was extensively worked west of
Bleaberry Hill for earthenware manufacture. The coal 1is
,overlain.by'é inches of black shale with rare flsh scales
including Acrdepls sp. and Rhizodopsls sp. The Raygill Coal
is 40 feet higher and 1s 2 inches thick, wlith another thick
*wh}te fireclay. Fragments of Lepidodendron are frequent in
the immediate roof shales, and some 6 feet higher. The

following were collected:-

Neuropteris obliqua (Brongriart)
Lepidodendron loricatum Arbsr

L. wortheni Lesqusreux
Calamites paleacseus Stur
Cordianthus sp.

Rhizodopsls scales.

These thin coals are best seen in Aspland Beck, belng
generally obscured by the tip of the old Waterside Pottery

L
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where they outecrop in the bank of the River Greta
(34/677714).
| The section 1n the River Greta totals 750 feet in
thickness from the Rough Rock to the Six Feet Coal. Beds
belong;ng to .this serles are also exposed in Aspland Beck,
which jolns the Greta at Parkfoot. For nearly a mile to
the south east there is in Aspland Beck a descending succes-
silon of beds on golng upstream. The lowest horizon seen

1s the Ganister at the base of the Mill Hill Shales. All
the major lithological divisions above this can be

recognized although exposure is far from complete. The
shales with C. pseudorobusta are well exposed close to the
footbridge by Dumb Tom's Barn (34/677709 ). The Six
Feet, Rﬁygill, and Bleéberry Coals are exposed immedlately
west and south of Raygill Farm. The discontlnuous naturs
of the section makes detalled comparlsons of thickness of
individual members of the succession lmpossible, but there
does not appear to be any major change between Aspland Beck
and the Greta.

Several boreholes penetrated strata below the Six Feet
" Coal and in all cases the lithological succession shows close
agreement with the sequence in the Greta as shown In Fig.5 .

No faunas were recorded butithe presence of fossils 1s noted

at horizons corresponding to the C. pseudorobusta band in

borings sunk from the pilt bottoms at Grove Pit (34/693715)
and New Ingletoanit (34/695723). Fossils are also
recorded at about the C. fallax horizon in the Grove Pit
borehole. In the others, Raygill No.2 (34/686712 ),
Nutstile (34/694714 ) and Thornber (34/671701 ), "“bullets”

or "iron balls" are recorded at equivalent horizons. There

1s a slight suégestion of northeasterly thinning from the
Greta to New Ingleton Pit. The Holden House Borehole 1s

believed, for reasons glven below (p. 38) to have penetrated
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only the lowest part of this series. 18 inches of shale
with abundant "Aviculopecten" are recorded by Lebour at -
1266 feet, andnprobably are to be correlated with the

Gastrioceras listeri marine band. The guccession down to

the Rough Rock in the borehole resembles that in the Greta.

The following plants from 270 feet depth in Grove Pit
borehole are in the Geological Survey Collection (W.G. 470).

Mariopteris sp.
Calamites sp.
Myrlophyllites sp.
It 1s not clear however whether depth was measured

from the top of the boring which started from the shaft

bottom, or from the surface.

2) Grey Measures - Six Feet Coal to the
highest Grey Measures, R.Greta.

The exposed productive coals are four in number, of
which the Six Feet (or Deep) Coal and the Four Feet (or
Main) Coal are the most‘extensively'worked. The Yard Coal,
close below the Four Feet Coal, 1s of poorser quality and
presents difficulties in working as only soft fireclay lies
between the two. The Crow Coal, 15 to 18 lnches thick lies
between the two maln seams and has only been worked on a
limited scalse, although the fireclay was worked for pottery.
The Six Feet Coal may reach 8 feet in thickness when the
dirt between it and an underlying 12 inch coal dies out.
Otherwise 1t averages 5 feet 10 inches. The Four Feet Coal
maintalns the thickness by which 1t 1s named throughout the
area. The Yard Coal is somewhat vari able ;‘ generally less
than a yard thick it may decrease to 23 lnches, although in
New Ingleton Pit a local thickening to 5 feet 9 inches is
frecofdedl Detalled sections of coals, extraced from min-
ing records are glven 1In Fig. 7 . Relative positions in
the succession are given in Fig. 6 . There do not
appear to be any significant varlations between the type
section in the Greta and those in shafts and borings.
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In the River Greta the Six Feet Coal is exposed in
the river bed at the site of the old toll bridge near Greta
| Bank Pottery (34/664717 ) and abundant plant remains occur
1 in the light grey roof shales and in some lronstones scat-

- tered through these shales. The following flora was

collected in situ:=-

Sphenopteris nummularia Cyctbier

' S. obtusiloba Brongnlart

Renaultia gracilis Brongniart

Diplotmema furcatum (Brongniart)

D. sturi (Gothan)

Diplotmema sp. (cf. sturi)

Zeilleria avoldensis (Stur)

Mariopteris c¢f. acuta Brongniart

M. muricata (Schlotheim)

M. nervosa (Brongniart)

Mariopteris sp. (c¢f. coarctata) '
Alethopteris davnesuxl Brongniart

A. decurrens (Artis)

A. vallda Boulay

Alethopteris sp.

Asterotheca miltoni ? (Artis)
Sphenophyllum aff. majus Bronn

S. cuneifolium (Sternberg)

S. cuneifolium forma saxifragaefolium (Sternberg)
Lepidodendron cf. aculcatum Sternberg

L. loricatum (Arber)

L. cf. obovatum Sternberg

Lepidophloios acerosus (Lindley and Hutton)
L. cf. laricinus (Sernberg)

Lepldophyllum trlangulare Zeliller

L. minus Goode

Lepldostrobus spp.

Sigillarophyllum sp.

Calamlites c¢f. suckowl Brongnlart
Asterophyllites equisetiformis (Schdotheim)
Cyclopterls sp. (trichmanoides?)

Samaropsis sp.

Pinnularia capilllacea Lindley and Hutton
Cordaltes SD e

Spirorblis sp.

In addition the author has examined collections now in
_the Sedgwick Museum, Cambridge, and in the Geological Survey
Museum, made by Prof. T.McKenny Hughes and Miss G. Elles 1in
the 1880's, and a collection in the Geology Department,
University of Sheffleld made by Prof. Fearnsides in 1915.
A few plants mentloned by Kldston in his monograph (1924)

are also lncluded. The fbllowing 1list includes plants
rbel;eved to occur at thls horizon but not found 1in situ by

the author.
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Sphenopteris bella (Stur) K

S. laurentli Andrae S
Alethopteris lonchitica (Schlotheim) GS
A.valida Boulay S
Neuropteris gigantea Sternberg 15
N. heterophylla Brongniart F

N. obliqua (Brongnilart) S

N. obliqua forma impaps Stockman S
N. tenuifolia (Schlotheim) 1)
Lepldodendron obovatum Sternbery GS
L. simlle Kldstone S

L. cf. lanceolatum ILesqusreux S
Bothrodendron sp. S
Lepidophyllum sp. S

S = Sedgwick'Museum.(Specimen.Nos.‘W 1114, W 1360, W 1361,
EE 2178-92, I 2194-2203, I 2205-6, I 2208-=9), G.S. = Geol. Surv.
(Specimens Nos. RC 2689-90, 2701-10), F = University of
éhéffield, K = Kldston. Fearnsides' specimens were obtained
- from worklings in New Inglefon Pit. Of the others the
Lycopods and some pteridosperms were found in situ, the
remainder being from Newfield Pit (34/689715). 1In the case
of the colllery specimens no horizon- is given but the Six
Feet Coal is the only worked coal at this pit known to
6afry plants 1n 1its roof,hand the lithology of thess
specimens 1s identlcal with that of those obtained in situ.
The plant bearing shales pass up into light grey sandy
éhales and soft sandstone. S0lid and upright casts of
tree trunks occur frequently in these beds, particularly
about 10 to 15 feelt above the Six Feet Coal. A good
example is seen under the north bank at the west end of
 Stephens Wood (34/661720 ). Cannel is recorded at a
similar harizon at Grove Pit but 1s not present at outcrop.
S50 to 40 feet abové the Six Feet Coal are two prominent
-bands of large lronstones. ‘These take the form of large
_76valrconcretions some 7 feet long by 4 feet wide and high,

and some have strong cone-incone structures on the red

outer surface. Locally the concretions pass into beds

~one to two feet thick and extending 50 feet or more.
Their secondary origin is shovn by small=-scale false-

bedding in the surrounding sandy shale passing into the

v e ol npl g iy gl mp. el
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the ironstone with little or no break. The ironstones
are well exposed In the River Greta at gseveral polnts
between Bleaberry Hill and Parkfoot. Just above the

Ironstones and six feet below the Crow Coal 1s a second

fine grey shale with abundant plant remains - the Crow Coal
" Shales. These are exposed below the Crow Coal 1in the
north bank, 220 yards North-east of Faccon Farm (34/670717 ).
The flora 1s similar to that above the Six Feet Coal but
less rich, and the relative abundance of some plants 1s

somewhat different. Small ironstones in the shales
contain lycopods only. The following plants were
collected in situ:-

Mariopteris coarctata Stur

M. hirta (Stur)

M. cf. hirta (Stur)

M. muricata (Schlotheim)
Corynepteris sp. (cf. sternbergi )
Alethopteris davreuxli Brongniart
Neuropteris cf. grangeri Brongnlart
N. obliqua (Brongniart)

N. obliqua forma impars Stockman
N. cf. osmundae (Artis)

Sphenophyllum cuneifolium (Sternberg)
3., cuneifolium forma saxifragaefolium (Sternberg)

Lepldodendron obovatum Sternberg
Lepidophlolos acerosus (Lindley and Hutton)
Lepldophyllum acuminatum Lesquereux
Calamites carinatus Sternberg

C. undulatus Sternberg

Annularia radiata Brongnilart
Asterophyllltes charoceformis Sternberg

A. equisetiformis (Schlotheim)

Fgtheria (Estheriella) striata Munster
Ostracod

The roof of the Crow Coal is a thin yellow sandstone
which.ﬁasses upwards into a succession of thin dark
sandstones and dark sandy shales which contain thin bands
of dark micaceous shale rich in Calamite fragments and
pinnules and fronds of pteridosperms. These, the

 Parkfoot Shales, are exposed in the north bank of the Greta
opposite the mouth of Aspland Beck. The following plants
have been obtained in situl- |

| Sphenopteris pseudofurcata Kidston
~ Alethopteris lonchitica (Schlotheim) _
" Neuropterls gigantea  Sternberg

e —— e e ek ) we wmmr . e s e ————arwr. e ———t e - e
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N.heterophylla Brongniart
N. ¢f. hollandica (Jongmans)
x Neuropteris sp.
N . ".Calamites carinatus Sternberg
C. suckowl Brongniart
-~ GC. undulatus Sternberg
. Cordaites sp.

The Parkfoot Shales, 25 feet thick, pass up into the
fireclay below the Yard Coal. This and the Four Feet
Coal lie 90 feet abowve the Six Feet Coal and are partly
‘exposed above the Parkfoot Shales in the river bed
(34/671718 ) but the detalled section is obscured by old
éuférop workings and tips. The Four Feet Coal is overlain
by a few feet of blue~black shale with abundant small
~ironstone concretions. Some of these contain several
small non-marine lamellibranchse others are single shells
on their own, énd the shale itself contains lmpressions of
stlll more. Collecting is poor at this exposure as most
of the shells are badly weathered, but the tips of all the

collieries known to have worked the Four Feet Coal provide
good speclmens and part of the band, badly weathered, 1s

seen in the railway cutting SE of Moorgarth (34/7a1715).

No shells have been obtained from pits which did not work
were

the Four Feet Coal. A selection of the shells/examined by
Dr. Weir. The fauna indicates an horizon at or near the
base of the modiolaris zone and includes:-

Anthraconala williamsoni (Brown)
A. ¢f. williamsoni (Brown)
cf. Anthracosphaerium boltoni (Wright)

Carbonicola rhomboidalis Hind
C. ¢cf. rhomboidalis Hind

C. subconstricta (J. Sowerby)
C. ¢f. subconstricta (J. Sowerby)

C. cf. acuta (J. Sowerby)
C. ¢f. robusta (J.de.C.Sowerby)

c¢f. C4/ crista=-galli Vright
C.'cf. martini (Trueman and Weir)

C. ¢cf. obtusa Hind
Naladites sp.

The.Anthraéonaiashave been found as shale Ilmpres-

sions only. The same horizon has ylelded @t the Grove Pit .-

only, abundant fragmentafy'Naiadites sp. and remalns of the
Arthropod Palaemysis sp., both as shale lmpressions.

L ey e B e drdw s s . o —_
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Small lronstones on some of the tips particularly Grove Pit,
have ylelded plants, and although none have been found in
situ, they are probably from about the same horizon. The

plants include:-~-

Alethopteris lonchitica (Schlotheim)
A. ¢cf. lonchitifolia Bertrand
Mariopteris cf. nervosa (Brongniart)
Neuropteris gigantea Sternberg

N. heterophylla (Schlotheim)

N. ¢f. tenuigfolia (Schlotheim)

In addition the followlng plants from an unknown
locality but probably from this horizon are preserved in the
Sedgwick Museum (Speclimen Nos. I 2193, 2204, 2207)
| Neuropteris rarinerris Bunbury

Neuropteris sp. (cf. N.heterophylla - N:scheuchzeri)

Spilrorbls sp.

3) Grey Measures - Unexposed beds above the
Four Feet Coal.

Betwe;n the Four Feet Coal and the base of the Red
Measures in the River Greta only about 40 feet of hard
white sandstones and sandy shales are seen. But all the
shafté and boreholes to the north east, i1.e. nearer

Ingleton, record higher Grey lleasures beneath the Red
Measures . Of these sinkings New Ingleton Pit gives the
most complete section, totallling 350 feet between the

Four Feet Coal and the base of the Red Measures (Fig. 6).
No fauna has been obtained or recorded, but "Carbonicola

acuta" is recorded by Gibson (1909) at several horizons

in the adjoining No. 3 B.H. (S.E. of Ingleton Statlon
34/696724 ) o These shells have not been preserved, nor
haQJthe "Lingula" recorded (Gibson 1909) at 922 feet in
the sameﬁboring,ﬂat an horizon roughly 100 feet above the
Four Feét Coals. The latter may indicate the presence of
fhe Jéan Coal Marine Band of Yorkshire. A small flora
from 860 feet depth has been preserved in the Geological
Survey Collections (Specimen Nos. W.G. 426-430, 457 ~-467 )

and includes:-
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Alethopteris decurrens (Artis)

Mariopterls cf. nervosa (Brongniart)

.M. muricata (Schlotheim)
- Mariopteris sp.
- Neuropteris gigantea Sternberg

N. heterophylla (Schlotheim)

N. obligqua (Brongniart)

Also at 800 feet (W.G. 431-3)

Sigillaria principis (Weiss)

Calamites sp.

L§pidodendron SP e

Several thin coals, one reaching 38 inches in thickness,
‘are recorded in the sinkings through these beds (Fig. 6 )
" but none have been worked. In New Ingleton Pit alone two
coals 10 feet and 9 feet thick were encaintered and worked
over a limited area at the top of the unexposed Grey
Measures. _The greater part of the unexposed Grey Measures
are grey sandy shales with ironstone nodules. Subordinate
- bands of fireclay, black shale and thin sandstones are
also recorded (Fig. 6 ).

4) Grey Measures - Lseck Beck.
At the northern end of the Coalfield Leck Beck flows

in a éouth-westerly direction from the Silurian rocks near
the Dent Fault across the Craven Fault and down to the
River Lune. | For about a mile in itsmidd1e reaches Coal
Measure straPa are exposed, with a general southerly dip,
modiflied by small east-west folds and at least two faults
of unknown throw. There are many breaks 1ln exposure
‘and spring floods are liable to move large quantitles of
a;l.luvial pebbles so that exposures change 1in size and
character at almost every vislt. There appears to be
considerably more exposed now than when Tiddeman
described the section in 1872,

The dominant colour of the Coal Measures in Leck
" Beck is red, and the divislion into true Red Measures and
Grey Measures is taken, largely on palaeontological

gréunds, at a conglomerate a few yards north of Springs
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Wood Footbridge,‘exposed in the north west bank
(34/646779 ) . The contact of Grey lieasures with
Silurian rocks at the Craven Fault is not exposed ,there
being‘g'gap of about 10 yards between the nearest outcrops
of the two. South westwards, downstream, there is an
ascend;pg sequence of Grey lMeasures, broken by at least onse
fault, close to the Craven Fault. Between these two are
a few feet of dark grey sandy shales, a fireclay and about
Iloifget qfheavily'slickensided black shales which have
yielded from the stream bed Mariopteris acuta Brongnlart
and Dlplotmema sp. The relations of these beds to those
on;tﬁe downthrow (south-west) side of the fault are
. unknown. Ssouth west of this fault 1s a coarse grey grit
which passes upwards into a succession of nearly 500 feet
of coarse red sandstones, fine purplish grey sandstones
and greyﬁsandy shéles, all dipping roughly southwards at

angles from 35° to 50°., A white ganlster occurs near the

ﬁiddle of the section, which 1s broken by several gaps

in exXposures. In the south east bank about 30 yards
upstream from the Springs Wood Footbridge there 1is a
motfled red and white firedlay overlain by about 2 feet

of fine grained pink shales. Above these are about 10 feet

of coarser pinkish grey shales containing brick red
ironstone nodules with calclte velning. with heat treat-

ment solid shells of Anthracosia spp. can be extracted.

Purple impressions and occasional solids occur in the pink

shalés. The fauna includes: -

Anthracosia ovum Trueman and VWeir
A. cf. ovum Trueman and Vielr

A. caledonica Trueman and Weir

A. cf. caledonlica Trueman and Weir
A. aff. phrygiana (Wright)

A. aff. aquilina (J.de .C.Sowerby)
A. ¢cf. agqullinoides (Tcheinyahevigr

A. cf. retrotracta (Viright)
Anthraconala of modiolaris group (%cf. curtata Brown)
Naladltes sp.

Spirorbls sp.
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hi
That these clearly indicate a faunal horlzorn/ in 51]:3116

modiolaris zone has been confirmed by Dr.Weir. The
coarseé shales pass up 1lnto light grey micaceous sandy
'shales, and 20 feet above the fossiliferous beds is the
sharp base of the cohglomeratetaken as the base of the
Red MNeasures.

It 1s suggested that these 500 feet of beds, of which
the top belongs to the highest part of the modiolaris zone,
lie stratigraphically above the Grey lleasures of the
River Greta and New Ingleton Pits~ in which at least the
base of the modiolaris zone is present, and which may
lnclude some of the middle part of the modiolaris zone .
The nature and amount of the gap between the two series

remalns unknown.

(c) Details of Red Measurses.

The Red lleasures are divided naturally into two
distinct parts, an Upper and a Lower group. The Upper
Red Measures are seen 1n contact with Permian brecclas but
are separated from other Coal Measure rocks by faults of
unknown throw, and by wide areas of drift. They are
here designated bg¥ the Upper Red leasures slnce they are
- lithologically distinct from the Lower Red Measures, which

~alone are seen 1n.confact with.Gréy Measures.

1) ZILower Red Measures -~ River Greta.

Continuing up the type section in the River Greta, the
Lower Red Measures are exposed from Parkfoot up to the
ingletoh rubbisﬁ tip < mile south of the main road bridge
(5&/686726 )« The section totals some 000 feet of
| ﬁinﬁ and grey sandy shales and shales with fireclays
(Fié} 8 ). Red and purple ironstones are not infrequent,
| énd’bands of deep purple shale occur sporadically throughout.

Sandstones are almost entirely confined to the lower part of

the'section.
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- The base of the Lower Red leasures consists of 40
l‘feet of conglomerate, largely made of rounded pebbles of
indurated shale and ironstone up to 6 inches long in a
shaly matrix. Locally hard sandstone channel infillings
with impressions of pebbles on the sides occur as reefs

in the river. At the mouth of Jenkin Beck the conglomerate
i1s ‘'overlaln by 8 feet of coarse red and yellow grit, and
above this by hard pink quartzitic sandstones, with bands

of coarse conglomerate. Pebbles 1n the latter are up to

a foot in length. The sandstones and grlt are also well
eXposed 1n the south bank at Stephens Wood where the grit
thickens to 30 feet at the expense of the conglomerate,
Ihefe reduced to less than 10 feet. Hard pink sandstone
and some grlt are also seen in Bogg Beck, east of
Burton-in-Lonsdale (Fig.6 & 10) .

| The sandstones pass up through flags into a cyclic
.sequence of shale, sandy shale, thin sandstone (somstimes)
fireclay, shale. Except for the complete absence of
hcoal the rhythm 1s the same as normal coal measures.
Stigmarian rootlets are abundant in the fireclays, and
casts of large roots occur occasibnally'in the sandstones.
Ironstones are mes t common in the finer bands. Several

small faults and gaps in exposures obscure the full

sequence, and no faunal or floral horizons have been found.
2) Lower Red Measures - Mining evidence.
The 350 feet of beds seen in the Greta appear to be
only the lowestpart of the Lower Red lMeasures as nearly
460 feet are recorded in New Ingleton Pit, 700 feet in
No.3 Borehole, and 900 feet in the Holden House DBorehole
(F@g. 8 ). The records are somewhat generalized
and it is difficult to determine the exact base in the
last, and the last two may include part of the Upper Red

Measures although there is nothing in the boring records
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to suggest the presence of the "Spirorbis" limestones or
brecclas of the exposed Upper Red Measureg. Plant remains

are recorded about 50 feet above the base of the Red
Measures in New Ingleton Pit, and specimens collected from
an unknown horizon during the sinking, which cannot be
correlated lithologlically with any other known horizon,
include abundant:-

Linopteris brongniarti y(Grand Eury)

L. neuropteroides (Guthier)

L. neuropteroides var. major Potamle

(Now in Sedgwick Museum Specimen Nos. I 1364,
1367, 1368, 1370, 1371). |

~ Plants from a depth of 660 feet in No. 3 B.H. in the
Geological Survey Collection (Specimen Nos. W.G 420-5,
442-454) include:~-

Mariopteris sp.

Neuropteris tenuifolia (Schlotheim)

Neuropterls sp. ? ¢f. N. macrophylla (Brongniart)
Aulacopteris vulgaris (Grand.Eury)

3) Lower Red Measures - Leck Beck.
The Lower Red Measures of “eck Beck are in general
similar in lithology to those of the Greta, although no

direct comparison can be drawn except that both have coarse

 gandstones and conglomerate at the base. At least two

- faults of unknown throw, break the Leck Beck successlon.
Features not present in the Greta afe a coal half an inch

thick overlalin by four inches of black coaly shale and a

few inches of green shale. This 1s exposed in the south

bank 100 yards north west of Leck Mill (34/645771 ) o
Above the conglomerate ahd coarse sandstone at

Springs Wood footbridge are flags with sandy shales and thin

sandstones . | Unidentifiable fragments of pteridosperm

fronds are scattered through the finer bands, which have

weathered to a very crumbly condition. The steep dip

decreases downstream and the beds are cut off by a strong

east-west fault, with a smash belt 4 feet wide. South of
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thls fault a cyclic succession of beds similar to that

seeén in the Greta occurs in two small folds which cross the
stream. Parts of at least five cyclothems are seen, the
Leck M1ill Coal forming the top of the middle one. In the
lowest complete cyclothem seen the shales are strongiy
variegated, mottled and stripged with red and grey, clearly
due to secondary alteration, as some of the stripes cut
obliquely across the bedding although minute adjustment
faults which break the stripes probably indicate the
penecontemporanseous nature of the alterations. The
variegated shales are exposed in both banks % mile north
of Leck Mill, A few feet above these, in.tﬁe sharp bend
in.fhe river, a band of sandy ironstonss, locally passing
into coarse purple shale contains abundant pinnules of:-

Alethopteris sp. (of lonchitica - lonchitifolis gfoup)

Neuropteris cf. gigantea Sternberg
N. tenuifolia (Schlotheim)

N. aff. flexuosa (Sternberg)

N. rarinervis Bunbury

cf. Lirapteris sp.

Pink shales below the Leck Mill Coal have yilelded
casts of the ostracod Geilsina arcuata (Bean) and higher
in the sequence the shales above the Leck Mill Coal

vielded a single shell from an ironstone 1in the north
bank west of Leck NMill., The shell was lidentified by

Dr.Weir as cf. Anthraconauta wrighti (Dix and Trueman), and

ﬁrobably'indicates the basal portion of the phillipsi
Zone . Further careful search at this eXposure yielded

only fragments of plants in ironstone nodules, including:-

Neuropteris tendamfolia (Schlotheim)
N. ¢cf. rarinervis Bunbury
Calamlites carinatus Sternberg

West of 0ld Leck Parsonage a fault of unknown throw
érossés the stream bringing coarse red, yellow and purple
false-bedded sandstones against pink shales. Thess
sandstones pass up into sandy shales and a fireclay.

Pink shales above the fireclay have yielded fragments of
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Neuropterls sp. and Calamites sp. in the foundations of some

small breakwaters. Thesse, in turn, are overlain by coarse
red and purple false-bedded sandstones which are the highest
bedsqseen in the section. These disappear under boulder
clay opposite Park House (34/641769 ).
| 4) Upper Red Neasures.

These beds are exﬁosed ln the type section of the
River Greta close to Ingleton village, between the Hollintree
Fault and a polnt jusﬁ above the confluence of the Twiss and

Dale Becks. As this lies between the two road bridges over

éhe Greta at Ingleton it is referred to as the Between
Bridges Section. The dip 1s steeply to the south west =

the opposite of the Lower Red Measures and Grey Measurss
exposed downstream - becoming vertical near the base of the
-section under the railway viaduct as the Craven Fauk 1is
approached. A total of 850 feet of beds 1s exposed. The
Upper Red Measures are dominantly sandy and contain breccilas
and coarse shale conglomerates at several horizons. Details

of the succession are given in Fig. 9 . Three limestones

are exposed. The lowest 1s a hard red calcareous rock
outcropping at the base of the section in the north west

bank of the Dale Beck 50 yards north of the viaduct (34/694733 ).
The other two are close together in the middle of the sectlon,
- outecroppling in the northwest bank a few yards south of the
farm bulldings (34/692730 ). Both are highly dolomitized.
Spirorbis has not been found in them but has been recorded in
pebbles in the Permlian brecclas a mile to the west

(Binney 1855). The two limestones are cut off by a fault
ﬁhich runs obliquely across the river.

| The whole of the Upper Red leasures are dominantly red
inc&lour with abundant green reduction spots. Fireclays
with stlgmarian rootlets occur at several horizons and there

1s some tendency towards cyclicity in the deposits. However
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with 1" SHELL BED near base
Light grey & purple shales and rootlet beds

Meseive false-bedded red & putple sandstone

Red, pink, purple & yellow cley shales with
ferruginous joint enrichments & some roots

Messive pink & purple felse-bedded sandstone
White, yellow and chocolate clay

Altermneting hard & soi't pink samdstone

Mussive red false~bedded grit with shale pebbles

Coerse purple shale

Coarse false=b ﬁed nandstogc with pebble bands
BT e e e vrems & rorbles

Coarse fulse-bedded sancstone and breccias,
Red clay shales with green spots and ‘etches

Purrle lemineted sendy shalee with rere plants

Hard red clay shales with some breccie & sendy lenses
Pink false-bedded sendetone with an irregulser bese

Red clay sheles with green spots & some roots
[ord Fod SitsocRun, Sedpone . rete & yelles
r & eles w reen 8 e
Fine pnink sngdstono with rgd lpcckEO FRanse de

Ga
Altepneting fine & coerse purple & red shele

Soft purple false~bedded miceceous sandetone

ggggae ﬁurpie miceceous shale
an

yriﬂ.fi 2a¥tggs.ﬁgik eendestone

Red& purple leminseted miteceous shale with plant
debris




- 53 =

the coérdb members of each cycle are generally at the base
and showﬁevidence of rapid deposition. Opposlte the old
Slaugﬁter House a fireclay is overlain by a shale breccla a
foot thick which passes up into coarse sandstone with lenses
of breccla and finally into sandy shales. In some higher
cycles’tﬁe place of the fireclay is taken by a few inches of
leachqd yellow and white rubbly material - possibly a fossil
soll, rather than a rootlet clay. In the higher parts of
the section the cycle 1is sometimes reduced to alternations
of éoarse shale conglomerate and coarse false bedded sand-
stone. The conglomerate bands are up to 4 feet thick and
ccmmon;y contaln slabs of shale a foot or more in length.

No lower Carboniferous 6r older rocks have been found in the
| cénglomerates.

Quiet conditions intervened near the middle of the
sect;oﬁ, between the serles wlth brecclas and that with
conglomerates. Shales containlng a thick rootlet bed under-
lie the two limestones, and immediately below the manure heap
on the west bank, about 30 feet below the lower limestonse,
the rootlet bed is overlain by 1 inchF?&ne red shale wlth large

green reduction spots and which contalns non-marine lamelli-

branchs including:-

. Anthraconauta phillipsi (Williamson)
A. aff. phillipsi (Williamson)
A. ¢cf. tenuis (Davies and Trueman)

The largest shells reach 10 m.m. 1n length, but there are

large numbers of spat, 1 to 2 m.m. long, on some bedding

planes.

IA section of Upper Red lleasures lithologically similar
to the lower third of the Between BEridges Section, is
GXposed*Eelow the unconformable base of the Permian breccias
in Westhouse Gill about a mile to the north west (34/675747 ).

The only fossil obtained, other than stigmarian rootlets, was

& plnnule of Cyclopteris sp.
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Summarizing, the Red lMeasures fall into two natural
groups, an upper group of definitely phlllipsl age and possibly
as high as the lower part of the tenuls zone, and a lower group

for which the available evidence 13 disappointingly small,

1.6. & single shell, cf. Anthraconauta wrighti (Dix and Trueman )

from Leék Beck, and Linopteris breongniarti (Grand Eury) in
New Ingleton Plt. This is not inconsistent with the lower part
of the phillipsi zone, as discussed below (p. 63. There
is no definite evidence of the existence of the simills-
pulchra zone in the coalfleld, although the above may range as
low as the top of this zone. Lithologically the Lower Red
Measures are similar to the Etruria Marls of the Midlands,
and the Upﬁer Red lieasures to the Newcastle and Keele groups,
a coﬁparisonwhich agrees with the palaeontologlcal evidence,
(d) The Intra-Coal-Measure Unconformity

The :;'élationshiia between the Grey Measures below and the
Red Measures above is consldered to be unconformable. The
key exposures for the demonstration of thls unconformity occur
in the banks of the River Greta for a distance of about one
mile between Parkfoot and Burton-in-Lonsdale (Fig. 10).
Detalled mapping on a 24 inches to one mile scale shows that
the Hbasal beds of the Red lleasures step down westwards from

an horizon 40 feet above the Four Feet Coal to one somewhat
below fhe Bleabserry Coal, i.e; 240 -feet of Grey lleasures
are overstepped in a distance of one mile. Evlidence from
mine plans, shaft and borehole sections (Fig. 6,) suggests
similiar relationships between these groups and extends the
knowiedge of the unconformity within the coalfield. Thus,
relationship similar to that seen in the River Greta exists
towpards the northwestern limit of the Ingleton colliery
workings where the coals are said to be cut out by "Red
Rock". "Eaét of Parkfoot the general rise of the piane of

unconformlity brings in a further 300 feet of Grey lieasures
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below the unconformity and proved in New Ingleton Plt
(Fig. 6 ) |

In the River Greta at Parkfoot the base of the Red
Keasures rests on white sandstone 40 feet abowe the Four
Feet Coal. Workings in thls coal can be traced westwards
along the outcrop for some 250 yards to some o0ld adits 300
yards east of Greta Bank Pottery, but no further. At the
Barnoldswick Borehole some 250 yards north of this a thin
coal a few feet higher than the white sandstones of Parkfoot
wag recorded just bel ow Red sandstones. The outcrop of
Crow Coal (which 1s confused with the Four Feet Coal Outcrop
on 0.3. Sheet 98 S.E.) 30 feet below the Four Feet Coal,
can be traced to an o0ld adit just behind the Greta Bank
Pottery, but 200 yards to the north west in the north bank
opposite Bleaberry H1ll (34/64718 ) massive red sandstones
are seen resting on an horizon just above the large ironstones
and below the Crow Coal. Two sinkings marked near Kepp
House in Tiddemans maps (6" 0.S. Yorks. W.R. CXII NE) with
JFour Feet Coal at 60 feet bear no relation to local struc=-
ture and could not be found on the ground. The site of one
i{s now occupled by a bungalow; and a boring (Ministry of
Fuel and Power D 2) 100 yards north of Kepp House (34/666722 )
by opencast proépectors wilthin 10 yardsnof the other éinking
was stlll in Red Measures when abandoned at a depth of <61
feet. It seems probable that Tiddeman‘incorporated
inaccurate local information.

Several sinkings between Kepp House and the river to
the west reached the Six Feet Coal (60 feet below the Crow
Coal) after penetrating basal Red Measures. The tips give
no evidence of Four Feet or Crow Coals or the interveping

strata. The unconformity thus has an i:regular base rising

slightly from the river at Parkfoot to the Barnoldswick.

Borehole, and then falling again to the river west of
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Kepp House and northwards to Borehole D 2 (Fig. 11).

west of the river, on Bleaberry Hill, outcrop workings
in both Crow Coal and Six leet Coal can be traced on the
steep eastern and northwestern slopes, but in the case of the
Crow Coal the line of workings stops sharply against the base
of the Red lleasures, exposed a few feet above. On
Bleaberry Hill the Red lleasures have a steeper dip than the
underlying productive measures and the Crow Coal is over-
stepped before reaching the river. On the north bank at
Stephens Wood massive red and yellow sandstones, with
limonite-rich springs at the base are seen to cut across the
horizons of large lronstones 30 to 40 feet above the 38ix
Feet Coal. Farther west the feature made by the red sand-
gstones and the outcrop workings of the Six Feet Coal
converge and finally the Six Feet Coal disappears below the
Red Measures. Phillips (1836) quoted t