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THE STRATICGRAPHY AND BSTRUCTURE
OF THR
BYNOLING OF B8TAINIIORD

BY

He G READING, B,A.y Pe0s 8.

The Bteinmore Arca 45 o topogmphleai md geologionl
dopreocion lying botveen the tuo upetsnding block eress of the
Northern Ponnines. The succeenion includes bede of Yorednle
facles of the (11ddle ond Upper Limeotone Groups, overlnin by
“Milletono Gpit?, the totol time renpo extending from lete !1',3
apo, prohobly to lnte Ege

\Detétlea mopplag of marine horizonc heo enabled the
entablishment of correlotions betwoen the succssoions of the
Aleton Block to the morth mnd tho Adtrigg Block to the south,
They show that merine conditions wore more persistent to the
gouth end ecct of the Gtoimmors Arves, HMillotono Grit faolee
entoroct o lover horizon in the enst nnd went of the Btainmore
Aroa thon 1t doec in tho contre. Tho grite on the £fleako
correcpond to the ﬁ'enhtl]. érito of N,\, Sweledole md are
conoidered to pasé latorelly into tho Cosnleleugh Trenegreosion
Bods in the centre. i‘hw ie demonstreted by equeting the
Upper Felltop Limeptonc of Alston vwith the Hesrne Beck Limeotone
of Upper tfwaledsle, An upper horirzon of grit feoeles is sudjocent
to the Boteny Limestone end ie concidered to be the eguivelent of
the Firet [1illetone Crit of Durhen end the Veter Creag Grit of
Upper Evaledole, tho HBoteny Ltmgatcne gorrooponding to the

g

\ mrese )



Shuannor Pell Limcotone,

The etructure consists of on agpyrmetricol syncline, pitehing
gontly to tho esst, with tuo emell elongated domee to the south,
Tho foult pattora on the ondt in similor to that of the Alston-
Blogty on tho woet o pemie-radlenl péttem_ io oppevent. Joint
diroetione ero veried.

The sreo hao beon affectod by both the Stolnmore ond Toosdole
glaciors, the fommer being dominent only at firet, end chowing

evidonece of e minor recdvence sad socond retrent,
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1,
I INTRODUCTION,

( a) Geography.

(1) situation. Physiographically the Northern Pennines extend

f‘xfom the Tyne Gap in the north to the Aire Gap in the south though
geologlcally the southern boundary is usually tsken to be the Craven
District. They consist of high moorland intersected by narrow dales.
West of the northern half is the Lsake District which is separated
from the Pennines in the north by the Vale of Eden but which is
cénnecfed furthef south by Shap Fell. The steep scarp of the
wééfern Pennines contrasts with a more gentle slope on the east, the
dale ﬁnning down in the latter direction towards the Darhsm Cosl-
fleld and Vele of-York.

“Aéross the middle of the Northern Pennines lies the Stainmore
Pass. Strictly speaking this is the narrow shoulder at the hesd of
the river Greta through which the main road and railway now run from
Bowea but in geological literature, particularly on glaciology, the
Stainmore gep 1s tasken to be that area of relatively low lying ground
between Lune Forest and Stainmore Forest. This areas is roughly
100 square miles in extent and in this account is known as the

Stainmore Area,

(:l.:'l,) Relief. The geographical importance of the Stainmore

Area does not lie in the fact that its altitude is particularly low.
The paes at the head of Wensleydale :I.nto the River Eden 1s under
1200' 0.D. while the Stainmore Pass is just 1400' O.D. It is

however the ‘walst' of the Northern Pennines and the low ground is

not confined to one narrow valley but extends for nearly 8 miles in
o RN ENYERG
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2.
8 north-seuth direction.

In the west & steep scarp overlooks the head of the Vale of Eden

~ into which run shert steep stresms, the most importsnt of which are

Swindele Beck, Borrowdsle Beck snd Yard 8ike. The greatest altitude
in the area is reached at the top of the scarp, from which the ground
slopes away gently towards ﬁhe east, There is a thin strip of
eounti-y 6ver 1500' 0.D, from the scarp to Just beyond the County
Boundary, broken only by the Stainmore Pass itself and by the pass

between Birkbeck @Gill, a tridbutary of Borrowdale Beck, and Black Beck.

The two highest points ere Iron Bend at 1842' 0.D, in the nerth end
Great Knipe at 1689' 0.,D. on the southern extremity of the high
g‘reﬁnd. 8ince they are both formed from the same stratum s they
reflect the synclinal nature of the rock structure.

Bast of the watershed the streams run in a direction Just north
of east into the Middle Tees. " The two most pqwerful aré the River
Lune esnd River Greta, the former draining the Lune Forest on the
north of the Stainmore Area, and the latter draining the Stairmere
Forest on the south. In the centre there are two maln valleys,
Baldersdele snd Deepdale. The former is now the more important for
it has captured Hunder Beck which in pre-glacisal times made a third
stresm probebly lerger than either of the other two. _

Between these valleys there are ridges which also slope gently

" 4owerds the east. The highest is the ridge between Lunedsale and

Beldersdale, known to geologists as the Boteny Ridge (Cerruthers
1928). It mainteine en altitude of over 1250' O.D. to within two
miles of the Tees and then drops rsapldly. The other ridges fall
more gradually from ebout 1500' O.D. at the County Boundary towards

- the River Tees which at Barnard Oastle is just under 450' 0.D.

L e it oo



| 8.
(111) OClimate. - The Btalnmore Area shows considerable

variations of climate, particulerly of rainfell. The average
ennual precipitation at Barnard Castle is about 20 ins, and it
increases towards the west until it is over 65 ims, Cloud cover
also inecresses in the same direction particularly with a westerly
wind and as the increase corresponds with a rise in sltitude there

are substantial changes in the vegetation of the ares,

(iv) Vegetation. In Teesdeale the lend is mainly enclosed

28 permenent grasslend, though a few fields may be pleoughed for crops
of potatoes or oats. Cultivation extends up all the valleys and
there may even be enclosed fields on the tops of the ridges between.
In general however sbove the cultivation line in the east, Fescue
grassland 1s dominant, particularly between Beldersdale snd Deepdale.
Patches of heather-moor also oecur &s far east as Lemb Hill, but they

become more frequent towards the west untll the centre of the area is

'a]mo-st entirely covered by it. Further Wwest the reinfall becomes

too high for heather-moor snd bog vegetation replaces it with its
characteristic cotton sedge.

Although the type of vegetation is mainly governed by eltitude
snd reinfaell, artificial censiderations are lmpertant. Grouse are
reared and sheep are grazed. The heather is burnt and the bogs are
drained, both operastions tending to increase the renge of heather-moor
beyond its naturasl renge of moderate rainfall, between 35 ins. eand
45 ins, (Pearsall, 1950). An exsmple of this is along the County
Boundary west of the Lunechead Mines, Heather on the Yorkshire side
ceases suddenly when the boundary 1is reached, though there has been

no fence along the boundary fer some years. The resson is that in




4.
the past grouse sheooting and phe consequent encouragement of heather

growth has been greater in Yeorkshire snd its effects are still

spparent today. More reeehtly the-encouragement of draining hill

pastures has reduced the area of bog vegetation considersably,

particularly in those patches where it is due to local topography

rather than rain'fall. :

L i Taet ey T m e e A - e
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5.
(b) People.

S8ince the days of the "ﬁeaker Pedpyle" about 1800 B,C. the
Stzinmore Pase has been used by men as a meens of communication
between esst and west England (Fleure 1951). However, though there
are four tumli of unknown origin neer Bowes, nothing definite is
known of the history of the srea prior to the Romans.

The Romens built a major fort at Bowes (Lavatrae) which has' been
peartielly excavated, a smaller one at Malden Castle overlooking the
Vale of Eden, and there 1s also a rhombus shaped camp on the summit
of the stﬁinmore Pass, Just east of the County Boundary. Thete were
to guerd the Roman Road which followed the direction of the present main
road except that a detour with a more gradual gradient has recently
been built round Maiden Castle. It is apparently this detour which
is the most frequently blocked part of the roed after a heavy snowfell,
The old Roman Road, being more exposed, usually remeins clear of snow,

Beside the road, at the sumit-and within the Romen Camp, is the
Rey COross which was put up in the 10th eentury by King Edmund to mark
the boundary between Englend and Scottish Cumberlend. Its name weas
employed by the old geologlcel surveyors for a limestone which
outecrops at that point. This has now been shown to be‘ the Little
Limestone. |

The Normen castle at Bowes exemplifies the importence of the *
Stainmore route during the Middle Ages and during the 12th century
o medieeval hospital was founded at the spot where & farm called the
014 Spital now stends. The name Coach and Horses to a farm half-way
geross the moor also illustrates the use of the roasd during coaching
days. ° However the coming of the railway did temporarily eclipse
the road, for during tﬁe 19th century it reverted to a grass track,

end it was not till the present eentury that it was revived to become
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one of the country's most importent trunk routes.

.It is not possible to say when the Stainmore Area was first
inhabited, but the sprinkling of Norsge place-nsmes in Lunedsle
(Ramsden 1947, p.90) may be significent. Certainly castles in
Teesdale were bullt in the 12th century et Barnard Cestle snd = little
later at Cotherstone, but it was probably the 18th century before ‘the
outlying districts, sway from the villeges, were enclosed (Ra:laf.riek
1946) though no doubt summer pasturing had slready been carried on
for some time.

Todey it.is spparent that the population is declining. Quite
gpert from the closure of the Lunchead Mines, farms have recently
been @bandoned, such as Boulgill House in Lunedele, Water Knott in
Baldersdale snd Levy Pool in Deepdale. The maximum altitude for
hebitation varies in the different valleys depending ass much on the
presence of alluvial flaete for hay growing sand on communications as
on sltitude. 014 Spitel et 1350' 0.D. 1s the highest in the York—
 shire part of the ares but Windmore End, in Westmorlend, lies at
1400' 0.D. On the other hend :lg Lunedele no farm is over 12'50'. 0.D.
end in Baldersdele 1150' 0.D. is the highest peint of hebitation,
thog.gh Botany Ferm in the east of the area 1s situated just below
the top of the Botsny Ridge at 1250' 0..D.

Rallways only fringe the Stainmore Areas; the one crossing the
Steinmore Pass was completed in 1861 while the one up Tee:sdalg to
Middleton was opened in 1868. In those days there were meny tracks
across the area sulteble for horse carts but many of these have since
fallen into disuss. For instsnce, one is clearly marked on the map
from God's Bridge in the River Greta to Race Yate, between Deepdale
end Beldersdele, snd it is part of the present 'Pemine Way', but on
the ground not even & footpath can be found. On the other hend a
treck from north Beldersdsle to Whem in Westmorlend cen still be



Te
traced quite essily and could be traversed by & Jjeep.

There are two main roads, one going from Middleton-in-Teesdale
to Brough in the north, and the other from Bowes to Brough in the
south, These mske the form of a U open to the esst since they sare
joined at the base of the U by = minor road running from North
Steinmore, The opean side of the U is closed by a road from Bowes
whiech meets the main Teesdale road at Cotherstone. Following the
valleys into the area frem Teesdsle sre minor roads up the south
glde of Lunedale and up both sides of Baldersdale. Thus no part

of the ares is more than three miles from s rosad.

L o I



8.
(¢) Geology.

(1) Gemersl. The Staimmore Area is a physiographic end

geological depression lying between the two upstanding halves of the
Northern Pennines. The area was mapped geologically on a scele of
6 inches to 1 mile, the limits being teken, where possible, st the
base of the Four Fathom Limestone. At the places where such low
strata did not reach the surface the boundary was drawn in the north
at thé Lunedale Fault and in the south at approximeately the line of
the Stainmore Summit Fauit.. No natural boundary offered itself in
the east 80 precise mapping was concluded at the National Grid line
400. Mn arbitrary boundery also had to be drawn in the N.W. corner
of the inap at a conveniept line Jjust west of Swindale Head.

. The strata included in the survey reange from the‘ base of' the
Four ll;athom Limestone to the top of the Botany Limestoxie; that is,
they include, 1n lithological terminology, the top of the Middle
mmestdﬁe Group, the whole of the Upper Limestone Group, and part of
the Millstone Grit. The Middle and Upper Limestone Groups are
separated at the base of the Great Limestone, though there is no
agreement in their poeition in relation to corsal-brachiopod zones

(Dunham 1948, pp.10-11), The bese of the Millistone Grit however

is not well defined end in fact varies in horizon throughout the

Staelnmore Area. Neve-rtheless, with the lack of precision of coral-
brachipped zones and the lack of information on goniatite zones, it
1s essential to use the lithologlcal divisioms.

Thus the term 'Yoredales' is employed for strata of the Middle
snd Upper Limestone Groups which show alternations of limestone,
shele aﬁd sandstone. The term 'Millstone Grit' is used for strata
with @ similer cyclic deposition but with substantial snd persistent
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grit (as defined below p. 12) in place of the -sandstone. No precise
line csn be drewn between these two facies snd they do grade into
one sanother.,

In fhe goniatite scale the i'ange of strata extends from the top
of Py, probebly to the top of Ey, though there is mo direct evidenoe
from within the Stainmore Aree.

The stratigraphy has been divided into cyclothems or units of
rhytimic deposition, the bases of wh:lqh were teken to be the bottem
of the marine members. only those marine horizons have been used
which it was considered extended with certainty throughout the
Stainmore Area, so that many of the cyclothems include minor marine
bands and are in effect composite cyclothems. The nemes of the basal
members have been employed to designate each cyclethem,

The nomenclature of the beds in the Stainmore Area presented a
problem, The north of the area ceincided with the work of Carruthers
(1938) and Dunhem (1948), both of whom have used successions from the
Alston Block. The south of the area, though not actually in contaet,
was adjacent to anreas covered by the authors of the Mellerstang Memolr
(1891) , Hudson (19-24, 1925, _1941) and Chubb and Hudson (1925), all of
whom used the nomenclature of the Askrigg Bleck. In addition Turner
(1935) covered the western \edge of the Stainmore Area using a mixture
of Alston snd Askrigg Block terminolegy. Finally, the primary
geologicael survey employed different nemes for the ssme strate in
different parts of the ares,

As Turner's map is the only one since the primary survey to
overlep with the present account, his nomenclature is used wherever
posseible for the primary nemes of each stratum, though for his
'Felltop Limestone' the suggestion of Hudson (1941) that they should

be rensmed 'Stonesdale Limestones' to avold embiguity has beem



10.
zccepted, S8econdary nemes for each stratum are also used on the map
snd in the description. For instance, in Ltmeciale, Alston Blbeck
terminology is used exclusively amnd around Bowes the names in use in
North West Swaledsle are employed. - The principle was to neme strate

- after ﬁhoae known beds with which correlations were most defintte.

Turner's mep ceased at his 'Millstone Grit' (the Transgression
Beds Grit of the preseant 'surve.y') end so the beds sbove have either
been given new names, where no nemes existed befere, or else have
‘followed the Alston Bleck t'ei'minologw. The only stratum which
previously had a nsmme exclusive to the Stainmore Area is that of the
Botsny Limestone, | _

Bach cyclothem is illustrated in one or more figures containing
vertical sections, which are lettered, their position being shown on
en sccompanying key map. The letters are occasionally empleyed in
the text to refer to a particular sectioen. The numbers in the text,
when three figures or less, dé—sigixate rock specimen mumbers; six

“ figuare numbers are Nationsl Grid Reference Numbers, the lines of
which sre shown en all the major meps. As far as possible sll place
nsmes sre taken frem the 21 ineh mamp, though the name Rowton Sike is
used at the Lunehead Mines for the continuation of Dowerag Sike, and
an unnemed stresm flowing frem the south into the Grassholme Reserveir
Jast below the bridge is called Ne Name Beck.

The six-inch maps used were Yorkshire, North Riding, = N.E.,

4 N.W., 4 N.E., 5 N.W., & 8,W., 3 8.E., & 8,w., 4 8,E, 6 8W., 10 N.E,,
11 N.w., 11 N.E., 12 N.W., 11 8.W., 11 §.E., 12 8.W., 22 N.W., 22 N.EK.,
snd Westmorlend 16 N.B,, 17 N.W., 16 8.W., 17 B.W., 17 8.E,, 24 N.W.,
24 N,E. The geological bounderies were later transferred to the

scale of 1 : 265,000 or epproximately 2% inches to 1 mile, using parts
of gheets %5/82, 35/92, 35/81, %5/91. ‘These sheets were the basis of
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the final copy of the geologlcal map,

bols Abbreviations and Oolours:

_ The symbols snd
gbbreviationa on the 6 1nch.maps aere as followst-

Geologlcal boundary, certaln .cccecees
" " con Jectured ....
Feult, cerfain eevesessscesssnsssncncas
" conjoctured ccececcccescscccse
Minersl Veln semssesescscescecrtseccs

Bﬂse ef reature 06686689 00808000y

Boundary of glacial drift ccccecccces

H ack line, continmous.

" #  discontinuous,

Red line, continuous.,

" ¥  discontinuous,

Orange line.

Klue line, arrow
towards base.

Continuous black line,
with ticks towards
arift,

Dips are shown by the continental type of strike line; em errow
indicates the direction of the depositional dip.

Limestone ecceccccecssvecoesosccennnns
Bendstone® seecescvccccsccrscncssoncne
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BENAY scsesescrcrcovssccccccecres 58,8
BRELY cvececcccessscsssencccsccce Bh,
Foeslllferous ceescecesssscseeeas Foms,P,
NOULET eeeeeerecerecceeeascesses NodoN,
FLlagEY esccecocscsocvccsscnscsces Fl,
CompPACt seocccsaccosscscscsssscee 00,
BMUAAY seovscccssossoncscsssassocs Mo
ArglllaceoUs csececcsccsscccccses Arg,
811108008 ccsesvcccccccsrcrcansecs Sil,
Calcareous ceecccsssceccessscoocee O
PEDDLY cecvcccccscsccccsccscscses Po
HArd ccccececccosccccsscccscccces Ha,
VOrY cecseeccccescsscccccscscccce Ve
Broken secececcceccssccsssccccces BI
LOOBe cecvscccvcccsccncssnsccccee L
Black ccccecosscssssscccccccccsce ﬁ&.
Weathered *ecssessscaccctcansnnes w.

Specimen no. or Notebeok
réferenca O.'..l...'.-..-.Ol-.-l.... (345)

Swallow HOleB cecevcscscscccocens BSeHeB,
The colours used on the 6-inch snd 2} inch meps are as follows:-
Saperficiels Alluvium ,cececcvcecccccs. Brom Ochre, pale.
River TOrrace cccecccccvee LA dark,

Solid:; Limestone ccevvcnceccssoces Prussian Blue,

Ohert cecsvcocccsssceesess Violet,
BENABLONE +ieesesecesesess Chrome Yellow, pale.
Grit cececvcoscccssccccecs " " dark,
IPronstone ccecscscscscscse Orenge.
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(111) G@rit. The retention of the term 'grit' needis some

apology. Originelly the coarse sandstones which dominate the strata
between the Carboniférous Limestone end the Coal Measures were called
'grits' snd thus gave the neame Miiltone Grit to that series of strats.
Westgarth Forster, for instance, (p.54) uses the term Millstone Grit
to designate a stratum which had a coarser grein than freestone. The
old geologlical surveyors also used the term 'gﬂ.t' to describe a
similar rock.

on the other hand, modern petrographicel custom is to restrict
the neme 'grit' to o sandstone composed of angular greins snd on the
whole the larger the graln size of the sandstones the more rounded ii:he
grains become, However in the Cambrien of the Harlech Dome, for
example, 'grit' is used to describe sedilments containing detrital
fragments ranging from 0.2 mm. to 20 mm. in size with & shepe that
varies from engular to rounded (Matley end Stacey Wilson, 1946). In
the Juressic the 'calcareous grits' are only alightly erenaceous, the
tgrittiness' being due to quartz grains or shell fregments which stand
out en the surface when the calcareous cement has been weatj.hered away.

Furthermore, Gilligen:(1919) in his classic account of the
petrology of the Millgtone Orit uses the term grit for the coarser
sediments, He does not give a piec:lae definition of grit or saendstone
. pat after distinguishing three grades of grit with their largest
pebbles (1) ever #-inch, (2) less then #-inch emnd (3) less then -inch
in dlsmeter, he mentions sesndstone with the largest pebbles less- than
$-inch (c. % mm.) in diemeter, though the average grain size must de
considerebly smaller,
. Thus it sppesrs that while the petrogrepher has a restricted
definition of the word 'grit', the stratigrapher qses it in a much



14,
broader sense to embrace many types of rock whose only cemmon factor
is a certain 'roughness of feel'. In this sense the term 'grit!'
may be employed for the cosrse sandstone of the Yoredales smnd
Millstone Grit, end there is 8slso a classiecsl precedent for its use.

It @oes not imply the seme exmctitude as one of the stendard
dimensional classifications. These are of little use to the field
mepper whe cannot give a preclse definition to sn exposure several
squere yards in extent. '

In this.:. account the term sendstene has been used for rocks with
'8 grain size of roughly between 0.05 mm. end 0.25 mm. end the temm
grit for roieks with a grain size abbve 0.26 ma, , i.e. with grains
that can be ele.arly seen with the naked éye. Vhere it 1s difficult
to deciée to which division an exposure or specimen sheuld belong,
it has been mapped or recorded as a coarse sandstone. Some grits
contain pebbles which are distinctly larger than the average grain
glze end may be seversl centimetres in diameter. These rocks are

called pebbly grits,
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(d) History of Research.

(1) Stratigrephy. Although the lead minere of the Northern
Pennines had undoubtedly aslready recognised and nesmed meny individual

beds (Dunham 1948, p.8) the geologleal succession of Alston Moor was
first published in Westgarth Forster's 'Treatise on a Section of the
Strata from Newcastle-upon-Tyne to Gross Fell' (1809, 1821). The
earliest geologicsl mep was due to Winch (1817) who described the
general geolegy of Northumberland amd Durham, A few yeérs later
Phillips published his 'Illustratioms of the Geology of ?orkshire.,
Part II, the Mountain Limestone' (18.'56) in which he showed that the
Yoredele Beds and Millstone Grit of Wensleydale and Swaledale could
be followed inteo Teesdele. '

The next phase of research was the primary six-inch geologilcal
survey which started in the Northern Pennines about 1865 and included
the Bta:lnniore Aresn, The Yorkshire portion of the area was mapped,
mainly by W. Gunn, in considerable detail, with pgrt:lcuiar emphasls
on the obvious lithological horizons of limestone, sandstone, grit and
coal, Parts of Wesimorlend were not covered on the six-inch scale
and those that were have been mapped with very little care. However
the one-ihch published maps (0ld Series 102 8,E. and 103 S.W.) which
include the Stainmore Aie'.a. are extremely accurate for Westmorlend snd
even in Yorkshire show some information not present on the six-inch
msp (p. 82).

No memoir was igsued for these sheets or for any neighbouring
sheets except to the west and soutbh-west. The western sheet (0ld
Series 102 8.W.) is deseribed in the Appleby Membir (1897), but sines
the Osrboniferous rocks it dea-er;bes ere some distence from the

Stainmore Ares end are -mainly of a lower herizon, it is of very little
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use for the present survey. The description of the south western

sheet however (0ld Beries 87 N.W.) in the Mallerstang Memoir (1891)
is invsluable, partieularly the detalled sections of lithological
successions,

With the completion of the primary survéy little more was done
or in fact could be done to the s011d geology until palaeonteloglcal
research had estesblished a system of 1life zones. Meanwhile Tiddeman
(1872) emd Da?;m-s' (1872) haed initiated work en the glaciology of the
Nerthern Pennines. Goodchild (1875) showed that theice from the
Vele of Eden had pushed ever .i1nte the Yorkshire Dales, the detalled
effects of which were described by Dwerryhouse (1902)., The latter
desls with the glacliation of Teesdsale, Weardale and the Tyne Valley
in « general sense, though Lunedale and Teesdsle above Middleton are
conglidered quite thoreuighly. More recenltly the southern margin of
the Stalmmore Arvea is reached in Reistrick's (1926) description of
the gldciat:-lon of Wensleydsale snd Swaledale, but he only mentions the
Rivers Greta and Tees indirectly. The superficial features of the

Stainmore Area are described by Pawcett in ﬂ‘h_e Middle Tees end its
Tributaries' (1916). He had some interesting observations to make
on the development of the river system of Stalnmore but he dismisses
the effect of glaciation very briefly, belng of the opinion that it
had 1little influence on the present dralnage pattemrn. His conclusion
that meny of the river directions, such as the River Tees both above
and below Barnard Castle and the River Greta at Brignaﬁ Banks, are
governed by fault lines seems quite unwarranted.

A fresh stimulus was given to the study of the Carboniferous
System by Vemghem (1905) whose zonal work im the Bristol areas was
epplied to the North West Province by Gerweod (1907, 1918). Garwoed's

opod zones ensbled eorrelations to be earried much further
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aefield than had previously been possible with lithological mapping,

but they had their limitations. Pirstly the zones were not fine
enough for detailed c¢orrelations, and secondly higher up- the
succession with thinner limestones, they were found to be of little
value owing to the scarcity of fosslils sad the slow rate of change
of those which did exist. |

In 1924 it appeared that this diff:lcuity might be evercome for
Bisat produeced, in that year, hi's.:lnﬂuential paper on gonlatite
gones. Goniatites had the merit of rspid evelution and they cecurred
in a shale rather then = calcareous facies, becoming common where
corals and 'br'alchiepods were . SCarce, In the Southern Pennines they

have been invalusble, but in fhe Northern Pennines, for some obscure

reason, the conditions were unfavourable for their existence and
though the rare goniati'te' finds are very useful for distent correl-
&tions, they are too few to be used for detaliled work, which was still
dependent on lithology. For strata of the Lower and Middle Limestone
@Groups this wae not serious, as persistent thick limestones were
frequent and corals and brachiopods were stratigrsphically useful,

Tarner (1927) for 1natanee,' extended the use of Garwood's zones
in Vestmerland and shows a map biase'd gntirely on faunal zones, with
lit'tle attention to the lithology. In his second major structural
paper (1935), which on the whole deals with higher strata then the
earlier work, he employs sn essentially lithological concept of the
stratigraphy. The contrast in stratigraphlical methods in these two
pepers exemplifies the limitations of the eo-ral-bra_ehiopod zones sbove
a certain horizen. .

For the Upper Limestone Group and Millstone Grit of part of the
Askrigg Black Chubb end Hudsom (1925) were able to establish successions

- Aeme a i mie el
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and correlations based on the lithology and the maspping of some

faunal horizons. A little later Trotter and Hollingworth (1927,
1922) described in detail the north west cormer of the Alston Rlock
meking great use of 'coal-calcarecus' horizons for comparative purposes
in the higher beds of that area, though when it came to correlat_ing
southwards with the Alston é-equenee they used ssendstones, considering
them to be more persistent then the limestones (1932, p.71).

The full ‘importsnce of the marine bends in the Upper Limestone
Group snd Millstone Grit was finslly recognized by Carruthers (1938).
He attempted to correlate the strata between the Great Limestone end
Millstone Grit from the Tyne to North West Swale;dale crossing the
Stalnmore Area and using horizons which contained marine fossils.

. The result of his correlations was to show that the lower part
of the Millstone Grit of Yorkshire was equivalent to the upper part
of the -.Upper Limestone Group of Durham, He traced southwards the
"fraxflagression Beds! of Weérdale end Teesdale into the Tanhill G;z'it»s
of No-rtil West Swaledasle, both of which lay unconformably on the beds
'beneath -them. He called this unconformity the Tanhill Trsnsgression,
demonstreaeting how, on parts of the Alston hlock, it cuts out the
Lower PelltOp Limestone which, he considered, reappeared in the
Steinmore Area as the Boteny Limestone. Whilst agreeing with the
Carruther's general view, the present survey disagrees strongly with
mény of his detalled correlations, part':i.cularly as regards the
ponit:lon of the Botany Limestone,

Oarruthere pointed out that it was the marine fossils which were
mportant , irrespective of the lithology in which they were found,
though fhe assoclated strata must also be taken into consideration

when idéntify:l.ng a marine band, He exsmined a great number of
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of isolated trea:n sections, sometimes many miles apart, snd from
thege drew his conclusions &s to the correlations between the :\Iston
emd Askrigg qucks.- However he éid no mapping and so failed to
realise the significance of structure on his streun sections, In
addition, as he did not cover all the ground he missed a great- desl
of pertinent information, particilarly regarding non-marine strata,
wh:lc.h would have showed that some marine bands are more persistent
-than othere end which would have enabled him to correct eny mistake
made 1n his correlations of sections, for, in the kind of cross
oountry traverse that he snployed, a small initial error becomes
cunmlative.,

On the Alston Block at Coalcleugh, however, Carruther's initial
su-cce.ss:l.on is correct for Dunham (1948) in giving further strati-
graphicel details of the northern area, shows a general agreement with
Carruthers. This is the latest account of the succession on the
Alston Block and has been used as & gteandard reférence comparable to
the Mellerstang Memoir (1891) end Chubdb and Hudson'se paper (1925) for
the Askrigg Block. Hudson (1941) has also given mrther information
on the strata adjacent to the Mirk Fell Ironstones and he attempts
to correlate the Alston (Coalcleugh) suecessien with North West
Swaledale. In spite of using the marine horizons .the distances were
too great for his attempt to be any more then an intelligent guess and
some of the detalils are incorrect.

Thus it asppears that while marine horizons must form the basis
of correlations in the Upper Limestone Group snd Millstone Grit in
these areas, the distance these correlations can be carried is limited.
Detailed mepping, area by area, following each marine horizon is the
present method of research, using the occasional goniatite finds as

checks from one srea to snother. This was the purpose behind the
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present survey, which it was hoped would form a link between the

successionson the neighbouring aress of the Alston and Askrigg Blocks.
Previous detailed work em the Stainmore Aresa, spart from the

primery geologicel survey, 1s inconsiderable. Gerwood (1912) gives
details of the Boteny Beds end their fauna, Turner (1936) overlaps
in his map and description onto part of the Westmorland scarp. In
his traverse across the ares Garruthers (1928) includes several stresm
sections from within it snd Dunhem (1948) gives detalled deseriptions
of the mineral deposits of Lunehead end Closehouse. The Stailnmore
Area, however, has never been considered as a whole snd the conception

of it as a afmctural unit is of recent origin.

‘_i:l) Structure. The structure of the Northern Pennines received
1little attention befere Marr (1921) introduced the conceptiom of the
rigidity of North West Yorkshire. Trotter snd Hollingworth (1988)
gave the name of Alsten Block to that part lying north of the Sthimmore
Syncline end déseri.’bed in detall its north Western cormer. Banheam
(1923%) gave the ﬁrsf complete account of the Alston Blook end its
structurel history in relation to outside areas. Meenwhile Taurmer
(1927, 1935) wes working om the western margin of the Rigid Block sad
hed suggested (1927) thet in early Permisn times the Rigid Block
was a depressed rather then em uplifted area, as concelved by Kendal
(1908) amd Versey (1927), the present elevation being due to Tertiary
movements, This view has been confirmed by later research, particularly
by Ghotten (1938) who deseribed the tectonics of the Cross Fell Inlier.

The first to speeifically cell attention to a syncline in the
middle of the Stainmore Area weas Versey (1927), though Phillipe
(1836, p.54) mentions a depression of strata in the Rlver Tees between
Eggleston Bridge smd Eggleston Abbey and Kendall emnd Wreote (1924)
state that the northern limb of the Bevgill#ﬂiddleten Tyas emticline
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forme the seuthern 1limb of a syncline in the River Tees abeve Barnsard
Castle. Versey ia his de-eei'iptien of the 'Nerthumbrisn Fsult Block'
says that a syncline "trends east-north-eéast across Cotherstene Moor
end will be cslled the Cotherstene Syncline".

Thie 18 a very accurate description of the syncline. A élance
at sny topoegraphical map of the area will show that Cotherstone Moor
end the villege of Cotherstore are only slightly seuth of the synclihal
trough snd that therefore the neme is more applicable than that of
the Stainmore 8Syncline, since Stalmmore, as merked on a map, is
limited to the nelghbourhood of the Stainmore Pass. - The name
Cotherstone Syncline persisted for some time, Turner (1935) still
employing that neme,

However Trotter end Hollingworth (1928) had meenwhile written:
gbout the "Staimmore depression" which "divides the Northumbrien
Feult Block into two both physiographlcdlly snd structurally® emd
Protter (1929) refers to "the synclinel depression of Stainmore",

This neme has persisted sand in all‘,‘recent literature (Dunhsm 1948,
Rayner 1952) the neme Stainmore Syncline i1s used. Provided Stainmore
is teken to be the whole depression wesi; of the Tees between Eune
Forest snd Staimmore Forest as it has long been eonsidered by
glaciologists (Goodchild 1878, Dwerryhouse 1902) 1t seems better to
keep the better known name, though on grounds of priority end

striot acenfaey the neme Cotherstone or Oot-herétone Moor Syncline

would be more correct.

I o e e
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II. STRATIGRAPHY,

(a) Four Pathom end Iren Post Oyclothems.

{I}. General. These two cyclothems are taken together, since
glthough over much of the ground two cen be distingulished only one
cyclothem occurs in the Bowes area. There does not appear to be
ey Justificatien for considering the Iren Post Limestone to be any
more significent then some of the other miﬁor merine bands, especially
the Faraday House Marine Band which has a more wideépread outerop.
In Swaledale and around Bowes (Geologicel Sarvey Map 0ld Beries
102 8.W.) the limestone and chert are known as the Undersett. This
term was .also used in the Mallersteng (1891) sand Appleby (1897)
Memoirs. However in the Alston area and om the 0ld Series Sheet
102 8.E. Westgarth Forster's (1809) term Four Fathem Limestone was
emi:léy‘ed and this neme was elso used by Turmer (1985) for the
Westmorlemd part of the Staimmore Area. '

In ﬁie Bowes ares the strata are very well exposed at the
surface. In addition they are recorded from the Mount Pleasant
Bore. ~ The limestone and chert are well seem at Gilmonby Bridge
and in the River Greta, Just to the west. North of the River Greta
they disappeer under drift in en easterly direction, but the eutcrop
cen be eesily followed in a 8.8.E, d:lrectien_‘ as the strata rise up
the hill towards Whorlends. Westwards from the weir below Bull Bank
the beds of the River Greta and of Sleightholme Beck are formed from
the siliceous limestone. Thus the base of the Great Limestone emd
the unde-rly:lng rocks are fairly well seen in the river benks, amd in
the tributaries of the River Greta, Huggill Bike and Chert Gill,

Apart from a tiny :I.fn'lier in the River Greta, just below God's
Bridge, nothing more is seen of the rocks underlylng the Great
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Limestgne until Westmorlend is reached. Them; st first, only the
base of the Great Limestone is exposed, in Yardstene Beck below
Summit Cottages end in Yard B8ike at Palliard Scar. Eventually the
Four Fathom iime:stone 1tself outcrops on the downthrow side of the
Steinmore Summit Femlt, at a distence of more then 8 miles from
@ilmonby Bridge. Aleng the scarp-f:om_ Slapestone to Oabbish Mine
exposures of the Four Pathem Oyclothem are quite good, amd a more or
less continuous section is seen in Smeltmill Beck above Light Trees.
From the point where the outcrop crosses the n_.l_ag:ln road, north westwards,
drifts end .shafts, dug to mine the Bordale Uosl (underlying the Four
Pathom Limestene) are almost contimucus until the strata dissppear
under drift N.W. of Windmore End Qﬁarry. Exposures of the limestone

‘are good, as is the feature formed by a m:assivé sandstone a few feet

below 1t. Thus, the limestone cam be mapped with confldence across
a number of E.-W. and E,N,E, faults. The beds between the Four
Fathom Limestone and the Great Limestone are exposed in Borrowdsle
Beck and occasionally can be traced glong the intervening feature.

' Beyond Windmore End Quarry everything below the Tuft Sandston;
1ai obscured by drift until Swindsle Beck is reached. Just below the
réotbri-dge the Four PFathom Limestone forms a waterfgll., About 80'
gbove its top 1s the base of the Great Limestone. However the
interfenin_g beds are not well exposed, though en spproximate sectlon
ocsn be obtained emd a very crinoidal shale appesrs at Swindale Head,
sbout 30' below the Great Limestone.

At Coal Gill Head the shale above._thellimesto‘ne.is seen, end s
coarse a;mdstone to the west may be the Quarry Hazle, but its true
stratigraephicel position is difficult to aseertaln. Around the
north of Ley Beat exposures of limestone end swallow holes enable
the Four Fathem Limestone to be mapped accurately, but nothing of the
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intervening beds are seen until Cleve Beck is reached. Here the
limeatone, a grit, snd the Tuft Sand_lstone are weil exposed, but
nothing is seen between them. At Lune Head House the limestone is
agaln seen, as are the beds below the Great Limestone, between
Renny @ill snd Lun‘é Head House, but about 50"-'-40' are concealed
gbove the Four Fathom Limestene,' end, as in Cleve Beck, no marine
rocks can be found. . _ |

Apart from a few swallow holes, in one of which limestone is
found, nothing more ié seen of the cyclothem till Wemmergill is
reached. Here quite a good succession is ebtalned from the Quarry
Hezle to the Great Limestone, To the north of Sleight Edge exposure
of limestone 1ls almost continuous as far as Low Wythes, but, épar-t
from the Tuft Sendstone the intervening beds are not exposed.
Rastwards, drift obscures all the solid geology, but, in Carl Beck
are exposed aandétenes which are believéd to underlie the Four
Fafh Limestene, since the Three Yard Limestone appears below them,
o the east of Grassholme Reservolr secraps of limestbne are seen,
and there is one exposure of the base of the Great Limestone.
Otherwise drift obscures the cyclothem. At Eggleston Bridge,
however, the Four Fathom Limestons is fully exposed north of the
Lunedele Fault.

Underlying Beds. Throughout the area carbonaceous beds

occur below the Four Fathom Limestone. At Egglestoﬁ Bridge the
actual base 1s J_aot seen, but sbout 4' belew it there are 6' of
carbonaceous shalen:a and siltstones containing meny plant rémaine.
'fhase overlie 12' of flaggy sendstones. In Swindale Beck, 2' of
genister underlie the limestone.
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Elsewhere, a coal occurs wherever the base 1s seen. This is

enly e thick in the @Greta River fog_low Gilmonby Bridge, and it is
rather shaly. Below it aré at least 2' of carbonaceous sandstones
passing down into flaggy sandstones at least 30'-40' thick, which, in
the Hount Pleasant Bere., are 86' thick with shales and sandstones
sbove, Near Lune Head House there 1s also cosl below the limestone.
This cemnet now be seen, but the Survey Msp reports a thickness of
1'6Y, It i8, however, along the Pennine sedrp-, above North sféinmore,
that the coel reaches its full development. Here it is known as the
Burdale cosal and was worked until recently, but, owing to the N,E.
dip of the rocks, water drainage beceme 00 expensive and the workings
were closed down. The coel was up to 2' thick (Smith 1912) end was
worked for a distance of 2 miles al.oxig the scarp, between Banks Gate
end Windmore End Quarry. South eastwards it thins to 6" at Light
Trées. In the same area the flaggy sam;stones below thé coal pass
dowi-i :lﬂte a compact sandstone, in places very coarse and even
spproaching a grit. This eoar#e development of the sandstone is

elso seen near Coalgill Head. |

_ __Four Pathom end Undersett Limestones. This is a typical
Yoredele Limestone, dark, fine-grained, with numerous fossil fragments,
mainly erinoid ossicles. Its thickness varies from about 12'-25',
these two extremes both ocourring in the Bowes area. In the Mount
Pleassnt Bore there are recorded 25' 6f grey and buff crinoidal
limestone lying sbove 3" of hard, dark, very fos-sil:l.ferous shale.

The limestone has a high proportion of darker cement towards the top,
and a 9" bend of limestone conglomerate 7' sbove the base (Johnsoen,

personsl comminication). In the River Greta only 13' of limestone



: _ 26,
can be seen and, though this may not be the full thickness, it is
undoubtedly much less than in the Mount Pleasent Bore only 2} miles
awey. No chert and no corel bend cen be seen.

Througheut the remeinder of the area there is a coral bemd a
few feet from the base of the limestone. This is recerded by Miller
and Tarner (19%1) from the Dent Line B:l.ét.riet, the Shap District, amd
from near Breugh. They state that it is about 2' sbeve the base of
the limestene. In this ares it is usually some 6' sbove the base
end 1s ebout 2' thick. It consists of relled clisiophillid corals '
which stand out on a weathered suszaoe. thft nedules are usually
assoe:l..ated with the band. As the limestone is followed eastwards
down Lunedsle the band becsmes thinner. . It-pé'rs—ists substentially
gs far as Low Wythes where there are both corals and chert nodules.
Hé trace of either can be found east of the Gr&"éaﬂmlme Reservoir,
theugh'aain:lttedly exposure is very peor. At Eggleston Bridge,
however, there is a 6" band with scattered Iwra].a, but no chert,

5' above the base.

_Shgle. In the Mount Pleasant Bore there are 13' of

fosslliferous shale between the limesténe end chert.
The detalls are as followst
Ft, 1Ins,
Black, fine grained, slightly csalcareous shsles,
rather tough irregular fracture. Extensive
--hcattered femna, large gastropeds,
lemellibranchs and brachiopods, with

orthocone nautiloids and fish fragments .cscecee ) § 0

I .



Black, fine grained, non-calcereous shales.
Tough, difficult to _ele=ﬁve. Scattered fauna
end some richer bands, gastropods, e.spee:lai]!.y
M}_@, ;.amellihr"aneh_s, brachiopods and

Qrthawne. neutiloids ooo-o.ooooooooooooooooo‘ccoo; -. 1l

Tough, black shele with pyrite and scattered smell
ironstone nodules. Scattered fauna, leznelli;
brenchs and gastropods with brachiopods. One
band contains many orthocone nautiloids snd

m11uﬂcs .....................CO....'..'.........

(v}
o

Tough black mudstone shalp with much pyrite in
nodules end markings on the shale. Meny
Buphemites, orthocone nsmtiloids, with Lemelli-

brenchs énd gastropods, few .Preductida, few

specimens of Posidonia membranacea (M'Coy) and
8 goniatites. Determination has been
confirmed by Dr. Stubblefield and Mr. Bisat as

irtyogeras? costatum Ruprecht and other
goniatites referable to @irtyocerss indicating
ahigh Pg age (Ramel' 19‘55) (RN NN RN NN N NN N NN

. |
(2]

Black, unféssiliferous shale with ironstone.
Ironstohie at the top with black shale mudstone

and a few scattered B8hellE cecccscscscscsssccnnce 2 6

Broken masses of black shale, very weathered;
many shell remains including brachiopods, lamell-
ibranchs and gastropods. One fish tooth cveeee 1 6

e ma L
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'Unfert.unately these beds are not exposed at the mu;faoe in the
Bowg.a.. area, In the bank of the River Greta sbove Gilmonby Bridge
there are sbout 6' ef shele sbove the limestome. Though the shale
- was searched theroughly no lsmellibranchs or goniatites wers found.
The shele is derk grey with a few ironstome nodules amd contains mo
pyrite. If the goniatite horizon exists here, it must be jJust above.
However, the rocks sbove are completely obscured liy debris from a
cliff of chert end eiliceous limestone 20 yards badk from the river.
In Westmorland a slightly fossiliferous shale paasing up into
unfo-sil:lferouq sendy shale is seen in Smeltmill Beck, and in
Swindele Beck there is a very fofssiliferou_s shale,' full of ecrinoid
stems and brachiopods, above the limestone. _At- Coelgill Head .there
are over 15' of black shale with nodules above the limestone, very
. slightly fossiliferous at the base. The bhale becomes sandy higher
'up end pesses into sandy shale with sendstone ribs. The shale is
again seen at Low Wythes and at Eggleston Bridge, but in none of
these shale expo_aurés can anything comparable with the. goniatite

horizon be found.

Undergett Chert. In the Bowes area the Undersett Chert is

well developed. Elgewhere no chert occurs and, as was seen above,
the fossilifercus shale pasges up into non-marine strata which
become gradually coarser in grain size.

The chert is at least 14' thick in the cliff above the River
sréta, but the base is hidden and it may be thicker. It 1s a dark
chert, rather fossiliferous snd often very calcareous. " There are
bends of purer chert emong the more calcareous layers. Above it

are 6' of siliceous limestone with thin interbedded shales snd
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these are overlain by fossiliferous shales from 5' - 10' thick,

These beds very laterslly, with passeges from one litholegy to
enother. A comparison with the Mount Pleasent Bore, where the chert
sppears towards the top, shows this very well. Conseguently these
members are sll mepped together as the Undersett Chert.

There is no very clear demareation between the fossiliferous
sheles of the Undersett Chert emd the nan;-mari,ne beds above. A
cliff section in the River Greta (9881.52) shows 18' of nodular shale
with occaslonal marine fossils only esbout 15' below the base of the
Great Limestone. 1In the Mount Pleassnt Bore marine fossils are
proved in a sendstone with shale bands snd ironstone concretions 25'
below the base of the Great Limestone. Thus 1f the whole of this
werse included as the Undersett Chert, the thickne_as would be sbout
76'. The top of the Chert has therefore been teken for mepping
purposes at the horizen at which the last af the harder siliceous

limestone snd very fossiliferous shales oceur.

Exposures of the sandstone snd of its

marker, the Iren Post L'imeé'tene, are most uneatisractqry. Conse-

qnentlynit is néitﬁer mepped nor discussed with ease. Except in the

Bowes area where there are no compara_bl-é strata, there seems to be a

constant arenaceous member of the succession. This }s very var:l.a'blg

in grain size. In Snéltmill Beck there are Z8' of alternating semd-

s"ianéhan& sandy shale bands, becoming coarser towards the top. In

Borrowdale Beck 25' of mudstone are overlaip by 12' of sandstone.

In both of these becks, the Iren Post Limeatoné can be used as a check.
A grit ocours in both Swindale Beck snd Cleve Beck at about

0! — 40' below the base of the Great Limestone. This is at least
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20,
15' end may possibly be more them 20! thick in Cleve Beck. While |
it may occur west of Coal G111 Head (p.2%), :I.t-posibiy is sbsent,
end 1s certeinly not exposed anywheré round the north of Ley Seat.
At Lune Read House, in addition, nothing is seen of it snd it is
possible that the coarse development is very loecal. By Wemmergill,
there is only & ssndstone 20' - 25' thick, carbonaceous at the top,
expésed in the beck smd in the bamk to the east, Elsewhere in
Lunedale nothing is seen of the Quarry Hazle, though scraps of

sendstone oceur at spproximately the ssme horizon at Low Withes.

(vii) Iron Post Limestone. This 1s a vefy fossiliferous

limestone snd shale horizon sbout 5' - 9' thick, As & separate
bend, it is sbsent in the Bowes eres. It occurs in SBmeltmill Beck
where a limestone with a few corals at the base is followed by a
muddy limestone with trilobites énd lemellibranchs. Above this is

a very crinoldal fossiliferous shale. There is another outcrop of
1méstpne in the scarp Just to the N.W. It appears again, possibly,
in the beck iorth of Cabbish Mine (828168)., - In Borrowdasle Beck two
bends of limestone have a thin shsale parting between. A smgll
e~xp63ure occurs in the scarp (822169). This shows the rather

cresmy colouriag of the weathered rock. The fresh surface is the

usual dark fine grained Yoredsale Limestone, relatively umfossiliferous

except for crinoid plates.

In Swindele Beck the crinoidal shele mentioned sbove (p.2%)
is undoubtedly the equivalent of the Iron Post. It is gbout 5'
thick end contains large crinoid stems 6" or more in length and up
to 1% in diameter. The bese is not seen, snd it presumably

represents the crinoidal shele of Smeltmill Beck end may possibly be
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the equivalent of some of the limestome.. No more is seen of. the
Iron Post except in Wemmergill where two 1' bands of lime.stonev ocour,

oene of which is very fossiliferous.

- hale As was mentiomed above (p. 2§) this non;marme
shale 1s not eeaslly distinguished from the fossiliferous shale in the
Bowes ares. In the Mount Pleasent Bbre none occurs at 8ll, snd in
the stresm exposures no more than 12" is ever seen. It may continue
up to 4' below the Great Limestone. Elsewhere this shale is very
rarely exposed. In Smeltmill Beck and Borrowdale Beck the Iron Post
fossiliferous shale is followed by seandstone in the former and samd-
stone with shele partings in the latter. In Bwindale Beck there are
gbout 10' of derk unfossiliferous shele grading up through sendy shale
into ssndstone. A total of 28' of shale, with one sendstone amd
sendy sheale band, are seen neer Lune l_iead' House, snd the Iron Post
Limestone is at an unknown depth below 1tv. In Wemmergill there are
probebly at least 25' of shale, though only 6' are seen. Thus it
seems that the shale thickens to the north east.

1#) Taft Bandstome. In the Bowes area this sendstonme 1s very

poorlyﬂ developéd., though its thickness increeses to the north, amnd
to the south, sway from the River @reta, The Mount Pleasent Bore
proves 82' of sendstene, with occaesional shele partings, above the
highest true marine beds. At two horizons, fish sceles are found.
The sendstene is frequently carbonaceocus end at the top is a semdy
m:léaeeeﬁs segger overlain by a thin layer of patchy coal with goed
cleat.

Along the benks of the River Greta the sandstome is only sbout
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4' thick, with rootlets smad carbonaceous matter at the top. In

Chert Gill and Huggill Sike there are just 2' of carbonaceous silt;
stone, but westwards sandstone incresses in thickness until in
Sleighthoime there are sbout 20' of sendstone, cempact at the top.
Throughout the Bowes area a cosl is found below the limestone, with
its mssociated seat earth ang overlying csrbonaceous shale. This
eoél is from 2" - 4" thick and continues at least as far as the
1nlief'east of God's Bridge.

In Westmorlend the Tuft Sandstone 1s much more substantial,
becoming a grit in places, The Smeltmill Beck section shows a
thi ckness of 42, No grit is seen here, but in a south easterly
" direction along the scarp a grit sppears. Owing to the sbsence of
an} éxpasure of the Iren Post Limestone its exact atrétigraphical
position is difficult te determine. It is poesible that seme of the
lower e;peauraa of grit are the Quarry Hazle. If, however, a line
of epriags elong the escarpment marks the position of the Iron Post
Limesfone, it can be seen to pass belew the lowest exposure of grit
above Borrenthwalte. It is als80 unlikely that a gr;t would develop
at the seme place on two horizens. = Therefore the grit end ssmndstone
aﬁova Borrenthwaite must be thé Tuft Sendstome, snd it is over 60'
thick. Near Ledderhowe (840153) 4' of grit fbrm a good feature,
but 1t does not extend very far, since im the stream (838157) no
gendstone or grit is revealed, and in Borrowdale Beck only 13' eof
sendstene snd shale sppear to represent the Tuft Bandstohe and its
underlying shale, .

A coal seem 1° thick ocours in Borrowdsale Beck, with a geat-
earth below snd shale sbove.. This is the only exposure of coal
beneath the Great Limestone along the Westmorlend escerpment. Seuth
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eastwards this may be due to the difficulty with which the limestone
base is seen, but in a north westerly direction the top of the Tuft
Ssndstone frequently outcreps along the lengthy face of Windmore End
Quarry snd at ome peint (319;.71) the following section is exposed
beneath the Great Limeatone:-

Pt. Ins.
Dark limestone snd fossil fragments ...... 2 0
Fine-grained, black, slightly cherty
1imestone sececsccosvvsccsssscrscacecens _ 2
Carbonaceous mice-sendstone with reotlets. 1 6
Messive sandstone with flaggy ribs sceee.e 8 0

The sandstone'reaehes a thickness of at least li' in Windmore End
Quarry snd it camn be followed along to Swindale Beck where a compact
sendstone with carbonaceous top overlies several feet of sasndstone
flags. | _

According te the l-inch 0ld Series Sheet 102 8:B., slomng Iney'
Seat Edge a coal seam 1' - 1'6" was once worked. Nothing can now be
seen of the coal, though the Tuft Sandstone is well exposed along
Cleve Beck and Lune Head Beck. It is probably 18' thick in Oleve
Beck (Dunham 1948, p.%17) rather coarse, micacecus snd carbonacecus.
The sendstone csn be traced down Lunedale with little variation. It
does become & little coarser east of Grassholme (156) but, generslly,
it is & 10' - 20' flaggy sandstone becoming eorﬁpact and carbonaceous

| towards the top, and with no development of coal,

The most noticeable feature of these

cyclothems 1s the eéntrat between the Bowes area snd those areas to
the north smd west. From Bowes there is a gap to the west of 8 miles

snd to the- nerth of 6 miles, in exposures of equivalent strata, end,
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in the absence of aﬁy‘marker horizon between the Four Pathom Limestone

end the Great Limestone, comperison of the sections must be a matter

of conjecture. “
The Undersett Limestone, 1n Sweledale, contains Miller and

Turner's coral band, and though this marker is sbsent at Bowes,

there is no doubt about the equivalence of the Undersett to the Four

Fathom Limestone. The coral band must repreeent a period of wilde-

epread shallow water deposition when corals flourished in abundance

and were subjected to strong currents. The limestone conglomerate

in the Mount Pleassnt Bore represents a small bresk in deposition,

with';;rong current actien, and.may'be a£ the ssme horizo£L

The Iron Post Limestone is rerely exposed., This must be due

to one of three reasons:- |

(1) Erosion by the overlying Tuft Sandstone, as happens at Stenhope-
barn ﬂine (Dunham 1948). In Emelthill Beck the Tuft is 42'
thick, considersbly thidker than anywhere in the Stainmore
Ares exeept Just along the escarpment to the 8, E. Yet the
Iron Post Limestone snd shele are 9' thick, the greateet known
sthickness; thus there is no connection between the sbsence of
the Iron Post and development of %he Tuft;

(11) The Iron Post may not have been deposited over the whole ares,
and certainly in the Bowes Area 1t is absent as a separate
marine horizon. - However, if this is so, its depoeftion must
have been very sporadic, as exposure of it occure-at points
far apart;

(141) Ite apparent absence may be due to 1te thinness. This is the
most likely explanation, as, at no point can its absenee be

proved and exposure of its empected horizon 1s invariebly very

poor. However, it has not been mapped as a continuous band

A - U P S ST




as the evidence for its presence over the whole area is
negative., _ _ _

The Mellersteang Memoir (pp.83-4, and p.13%) mentions a limestone
eccurring between the Main and Undersett Limestones, which may be very
cherty. 1In the Appleby Memoir (p.51) it is assumed that the Lower
and Upper Undersetts of Yérkehire are fhe equival'enf on Alston of the
Four Fathom snd a limestone abo_vé the Quarr} Heazle respectively.
Furthermore a comparison of the Bowes section with one in Weatmorland
or Lunedale, shows that the increase of marine beés at Bowes is
considerable. In the River Greta and in the ﬁount Pleasant Bore
" there are sbout 100' of marine strata sbove the base of the Undersett
I.:l-mestbne, vhile in Westmorland the tot-;a,;- thickness of the two cyclothems
is only sbout 100°', The p'report?ions of marine beds are showii.in the
following table:~ |

Section, Figs. 1 end 2. e b | h i 3

4 Non-marine ' as' | 20' | 43" 14'2" z2'

% Marine (Irom Post) | ot | 6'6" B'e

2 _lvon;-marine | 44' | s3'é" | 40'

: na::-ngnggg:'tf)am 118' | 77' | 20' |c.20' | 23'6"
Totel 1 - 3 s’ (7| 7a' | so' | es'st

‘Total 1 - 4 148' [ 97' | 116' | 94'6" 100'e6"

It cean be seen that, spart from an increase in totsal thickness in
the Meunt Pleassnt Bore, the thickness of the marine beds in the Bowes
area compares favourebly with the total thickness of the beds between
the base of the Four Fathom, end the top of the Iron Post Limestone
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elsewhere. Probably, ther-eferg, the e_ts-sm_npt;on in the Appleby Memoir
is correct, and the Iron Post is the equivelent of part of the Under-
sett Chert or the marine beds esbove it. Thus while continuous
marine deposition was teking place at Bowes, to the north, west emnd
south west & ﬁomal Yoredale cyclothem, with non-marine shale and
sendstone was being laid dowm.
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(b) areat Limestone and Coal 81lls Group,

(1) Gepersl. This limestone is by far the thickest of those
considered in this thesis. conse-queptgly, it is easily recognised
in the field and the exposure of 1t, and the overlylng Coel Sills,
is very good. Around Bowes, snd om the Askrigg Block it is knewn
as the Main Limestome. However on the Alston Block, on the 0l4d
Geologicel Survey Map 102 8.,E., snd in Turner (1935) it is called
the Gre'a_t_.. Neverthelese the term 'Main Chert' must still be used
as the chert is confined to the Bowes ares.

The nomenclature of the sheles end sandstones of the cyclothem
mist be somewhat erbitrary. On the Alston Block the name White
Hazle has been given to the topmost semdstone, while the two lower
sendstones, where present, are known as the High aad_Low-Geal 8i1ls
respe'ct:l.vel_y (Dunhem 1948). In most of the literature, hewever»',_
all the.sé sandstones are simply known collectively as the Cosal
8ills (Mallersteng Memoir 1891) (Turner 1935) (Carruthers 1938),
and it seems more convenient to refer to them as such, while the
term Coel 8ills @roup will be used to include all the strata between
the Great w@ Little Limestones. When two sandstones occur they
will be known as the Upper end Lower Coal Sills, snd the third ome,
where present, wili be called the Middle Coel vSﬂalL They are
undoubtedly lenticular bodies which are not equivalent over the whole
area, emd the terms are merely convenient aids which have no exact
time significance. 8o far as is known, no nsme has been given to
the marine bands within the Cosl 8ills Group. _

Two bere holes penetrate the cyclothem near Bowel. In the Mount
Pleasant bore there is recorded 160' of solid rock above the base of

the Great Limestene. - The Bowes Bore, put dewn by the R.A.F. during
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the 1939-45 war, is most unsatisfactory. It is within 75 yards of
en outcrop of the Little I-.ime-'ston_e and Upper Coal 8ill wh:lch_-form a
distinect feature. Less than a mile away a clear section of the Coal
8ills is seen in Seal Gill, Yet there is so much limestone in the
record that it is not eves possible to.a‘s‘.ce'rtain .the position of the
Great Limestone in the bore, though its base may be about 150' below
the surfacs. |

. The limestone is exposed almost continuously in the banks of the
@reta River around Bowes. The northern arm of the V disappears for
a mile under drift, before appearing agaiﬂ Just off the map at
Hﬁlands Quarries. The southern arm rises up the valley side and
bends round in a south easterly direction. The base of the limestone
can be inspped aceurately, but towsrds the top limestione gives place
to interbedded siliceous limestones and shales, the Tumbler Beds,
which are not so clearly seen. However, in comparison with the rest
of the area, they are well exposed, and consequently have been mapped&
a8 a band separate from the massive limestone below them.

Moving westwards up the River Greta, the limestone is seen to
form tho stream bed for a considerable distence, and for about % mile
t-he river flows underneath the limeéstone, which is only covered
during reiny periods. Further upstresm the Tumbler Beds are exposed,
until cut off by the Northern branch of the Stainmore Summit Fault.
Outcrop of the Main Chert is good, but 1t 1s of limited extent.

'.l.'hough not particularly well expoesed on the hill slopes, the
Osal Bills can be clearly seen in the .shméll tributary becks to the
north, and, off the msp, in Sléightholme Beck to the south, The
Upper Coal 8ill, underlying the Little Limestone, however, is a very .
continuous m—appabl.e horigon for the top of the cyclothem, Like the

e L T T i~ - o B c e L
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underlying beds, it disappears under drift north of Bowes. West- '

wards, however, it can be traced more or less along the main rosad
which from Blue Oap has been bullt aleng the top of its feature.
This continues right into Westmorlend, after which the road drops
down from the feature top. '

Before the county boundary is reached, the_remain:lng Coal Sills
and the Great Limestene have reappeared. | Tl;e limestone is much

faulted and, though substantial features are feormed by the Coal 8ills,

good streeam seetions are absent between Spital g:l.ke end Yard Sike.
Beyond Yard S8ike, the limestone, occaslonally broken by faults, forms
the top of an escarpment almost as far as Swindale Beck. Above 1t
the Coal 8ills produce good step features, snd they are well exposed
in the streams. On elther side of Smeltmill Beck however, the Lower
Coal 8111 feature disappears. The ssme happens to the Middle Coal
Bi11 8,E. of Borrowdale Beck. This is taken to be due to the
lentieularity of the seandstone bands.

The strata are lost under drift until the mineralized area,
either side of the County Boundary, at Lune Head, is reached, Here
there are very good exposures of the Great Lime=stoqe, but little can
be learnt sbout the Cosl 8ills. A shaft on Hunter's Vein (85%2198)
penetrates the whole sequence, snd there are loose bloeks of eoars_é
sandstone over much of the ground, but no stream exposure exists.

In Rowton Sike ,. where one would expect a section, Wensley Vein cuts
out all the strata between the Great Limestone end siliceous lime-
stones -at the top of the Little. |

Eastwards from the Lunehead Mlines, the Great Limestone crosses
.the River Lune to form a text book dip fe_e.izure north of the road.

This runs for 4 miles, as far as Nettlepot. The Coal 8ills, however,
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are covered by peat and glacial dritt which spreeds over most of the

lower valley slopes. Nevertheless, west of Low Wemmergill, Hargill
snd the River Lune have cut down far enough through the drift to
expose the Coal 8ills Group from the @reat to the Little. Thesé
exposures were Gescribed by Carruthers (~1§38). ' -

Further down the valley in spite of the Selset Bores and
oceasional outerops of sandstone, 1t is-not possible to map so variedble
a sequence @e the Cosl 8ills, though the limestone cen be followed
falrly a-.eéurafel‘y. The limestone forms an almost continuous feature
as it outerops south east of the Grasshelme Reservoir, snd some sand-
stone csm be seen near Shlelds Beck end in BEaster Beck, but the
renaining beds are nqt- exposed. Pinally the whole ecyclothem dis-
appe-ara,. probably thrown down by the Teesdale Feult, but drift

obs cures the evidence.

(¥1) Oreat end Main Limestones.. This is the highest Yoredale
lime,aigene to form a constantly thick, pure limestone throughout the

North of England. Under various neames it is knewn from Upper
Wherfedale to Scotlend snd so, im this area, it was tsken as a datum
line for mepping. In spite of the regular appearance of the lime-
stone, it shows considersble variation in thickness and lithelogy
within the present area. .

The Mount Pleasant Bore proves 48' of compact limestone lylng
gbove 2" of soft shele, full of crushed foesils, end overlain by 7t
.e'f Tumbler Beds., No corsl band was recorded, snd the limestone was
not split up into posts. This messive nature of the pure limestone
is characteristic of the Bowes area, though, in the exposures in tf_he

greta Valley, the massive limestone becomes thinner, with a comple-
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mentary thickening of the overlying Tumbler Bede. These are a series

of alternating siliceous snd muddy limestones yith-fassiliferous
shaly 'aanda. In Huggill Bike the limestone has thinned 1';9 %0', but
has 16' of Tumbler Beds abeve it.

| In Sleightholme there is, :I.n the middle of the Great Limeatone,
& 2' band of corals, mainly of clislophyllid type, snd small
brachiopods. .The. limestone at this horizon can’g;.aix_ls' mén‘-y chert
nodules, and, as iriththe Four Faﬁhgin I.tmg_stdne coral bends, there
seems to be an ‘as-sec:la_tion between the two. The ohly other place
around Bowes where this corsl bend cen be seen is in the Greta River
_(965128) where, for some distance, the band forms a limestone pavement
in which are beautifully polished corsl sectioms. The masesive lime-
stone in Sleightholme has expanded to 42', with about 10' of foseil-
iferous mudstone and shale, with no limestone bands above. In the
sbsence of the Main Chert (see p. 45) this is probably its equivalent
horizen end so it eppears that, as in the Mount Pleasent Bore, the |
massive limestone facies hes, at the top, t'_al_:en the place of the
Tumbler Beds. [Elsewhere, in the Rive'r Greta a great deel of lime-.-
stonew ;I-.s exposed, but complete seections ca@ot be obtained as the
‘upper boundary of the limestone is mever cleerly defined.  The
thickpess seems, nevertheless, to be of the order of 25' - Zo}, but
it may well be more. To .the 'west, as one goes up the stream, the |
limestone becomes more muddy end siliceous and it is clear that the
Tumbler Bed.s form the river bed.

West of Mﬂll Cottages & thick limestone outerops a_l-ong the

north side of the Greta River. It is probably at least X5' thick
end while mest of it is typiéal of the normal compact Great Limestone,

near the top are 10' of a very pale, extremely crystalline limestone,

els S Swame L et _ _ o L e e e e e o



42.
containing xhasses of crinoid essicles of all sizes. Nothing quite
like it is seen elsewhere 1n_th9 present area in the Great Limestone,
but it cannot be any other horizon having regard teo its thickness,
the 1ithology of the lewer part, end its relatien in the field te
the overlying Cosl 8ills end Little Limestone. |

Though the Gre-a_t' Limestone outcreps extensively in Westmerland
it 18 not easy to measure its thickness accaurately, partly because of
the absence of any exposure of the ovefly:l.ng beds, but also because
1t forms wide pavements which meke verticael sections almost umobtain-
ablé. At the B.E. end of the escarpment quite a lot can be seen of
the Tumbler Beds with thelr ressilifa'-roua calcareous shales and impure
limestones, but here the base of the limestone is seldom exposed.
Yard Sike however does give sbout 60.' of limestone with a '_band of
chiert nodules near the top, overlain by 156' of Tumbler Beds. Muech
the seme thickness of limestone occurs in Smeltmill Beck, but the. ﬁop‘
disappears under peat and noth:l-.ng can be éeen of the Tumbler Beds.

The seme thing happems throughout the rest of the Westmorlsmd area,
eand, sssuming it 1s not just due to the conceslment of these beds by
peat, which is most unlikely considering thelr exposure elsewhere,
mist be due to the fact that they are not developed, though (p_.__ " 50)
there is evidence that the Lower Coal S8ill is treansgressive, and may
have cut out the Tumbler Beds. .

In Borrowdele Beek the thickness of limestone seen is 21°',
and though this is certainly less then the true thickness, it is
not a lot less. Aleng Windmore End Quarries sbout 40' of limestone
appear, snd towards Swindale Head the thickness seems 'Eo increase to
50°'. Finally in the Lunehead Mines 72' is recorded in the section
on Hunter's Vein snd 102' in the main level by the London Lead Compsny
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(Dunham 1948, p.26). Thus veriatiens in thickness may be very leecal,
but nevertheless there is undoudbtedly a tendency for the Great Lime;
stone to be at its thinnest in Borrowdsle ﬁeck while it increases in
thickness to the N.W. and S.E. There is nothing notewerthy sbeut
the lithology of the beds. The step features within the limestone
along thg escarpment give' the impression that there may be a number
of posts, separated by shele, but the stresm sections do not confimm
this. In a few places, such ag the top of the waterfall in Berrew;-
dale Beck, and just below the road in Smeltmill Beck, the limestone
becomes iightly more fossiliferous then uéual, but there is no band
comparable to the coral band seen further to the east.

The next complete exposure of the limestone is in Wemmergill
Beck wheré 56' of massive limestone hre overlain by & maximum of 5'
of fossiliferous shsles. Ko trace of a corsl bamd occurs here, but
across the Grassholme Reserveir, in the old qt_m_r_r:l.gs (953226) the
first sign of the Frosterly Marble horizon sppears. In the western
q:uaz_;ry a 2" bend of bra-ehiepod_s is seen ]_..'5' from the quarry base.
This, in the eastern gquerry, has expanded to & band nearly 2' thick,
composed meinly of brachiopods, but with a few rolled clisiophyllid
corals towards the top. It is 20' esbove the base of the limestene
which here probably totals 35' - 40' with 1n_t_;_e_realatians_ of shale
bends in the upper portien. 1In Banklgpds quarry beside the former
L.N.B.R, railway line the coral bend has become more definite with
messes of corals end large brachlopods. In addition, the Tumbler
Beds have beceme better developed, 'giving about 20' of limes-tone

and shale partings, above at least 32' of cempact limestone:-
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Limestone L R I R A 2 0
Fossiliferous ghale .............;;..;;;;;;;. 5 o
? Limestone and Shsale partings ,..-...,._......; 4 0
Limestone and 8hele partings cceeeecesccscees 18 0
Compact limestone .....;..............,..... 16 0
Band of large Brachlopods and COXreals ecescese 2 6
Compact 1imestone cceeccvccessvcceccccssnnes . 14 0

] Main GChert. The exposure of the Main Chert is limited
“to the Bowes area where the boundaries of chert development can be
traced. This is ‘shown en the accompenying mep (Figure 5).

Bargent (1929) has studied the Yoredsle cherts, including tﬁe
Main Chert, of Swaledale. He found that the cherts were originel
eontuﬁléoraneona deposits, whose silica was mainly of inorgenic origin,
the eé.éasi_onal siliceous organisms found in the chert being the result
and not the ceuse of the silica., Lo caelly there may have been some
sficification of limestone snd calcereous fossils within the chert,
but there was no gene:_‘al' metasomatism. The deposits were believed
to have been formed in a shallow sea bordered by a penepléned land
sﬁrfaea whose decomposition produced sbundent silica carried in
solution, and precipitated on the sea floor as a gel.

The evidence on the whole supports Sargent’_s view. The chert
is mainly a banded type (198), rather calcareous, in fact containing
some thin bsnds of limestone, though most of the banding is probably
simply due to the segregation of impurities. Under the microscope
rhombs of dolomite are seen in a matrix of crypt_ocryatalline silics.

Bargent considers that this is clear evidence against metasomatism,
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though the possibility of two separate processes tsking place must
not be overleoked.

The field relations of the chert are as follows., In the bsanks
of the Greta River (967129), and in Rovegill, the chert reaches ite
groatest measured thickness. In Hugglll Blke 1t is 22' thick, yet
in Sleightholme, oﬁly a mile to the B.W., it has dlsappesared completely.
A ebmparisen of the two complete sectlions from the lime-sfone base
upwsrds seems to show that the limestone and Tumbler Beds of Hnggill
Bike pass into massive limestone in Hleightholme. Certainly, the
overlying fossiliferous shales and mudstones of Sleightholme cannot
be found in Huggill Bike. They must therefore by the equivalents
of the Main Chert. Thus in a distance of about a mile 22' of chert
have passed into 10' of fine grained, banded siliceous mudstones and
fossiliferous shales, with some of the mudstone bands packed with
Lingul a (682). Admittedly no passage csn be seen but unless one
invokes a period or‘nen-ldepoaiti_on in the Slelghtholme succession
) while the chert was being laid down, for which there is no evidence,
there is no other explenation. Both the chert and the fossillferous
mudstone pass up into nen;-marine shales which admittedlj are net
clearly exposed in Hugglll 8ike, but there cen be no doubt that no
chert occurs above the fossiliferous mudstone of Sleightholme.

Thus, Sargent's peneplaned land surface, from which silice was
decomposed to be washed down into .the shallow chert sea did not
exist in the Sleightholme area, Poesibly this in fact was the
margin of the sea, where too much mud was deposited for chert to be
formed, the lingule bands indicating brackish weiér conditien. The
silica solutions, however, were either carried further into the basin,

or, more likely, came from snother direction, to be precipitated in a
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clear sea, free from terrigenous matter,

Gopl 8111s Group and Marine Bsnds. The strata between

the Great and Little Limestones must be eana-idéred as one item, sas,

though merine bsnds occur within them, these cemnot be traced over
the -entire area snd so the peries cemnot be subdivided with any
satisfaction. | |

In the Bowes area there are two Coal 8ills with a marine band
overlying the lower one. This marine band is a fossiliferous da_l;k
muddy limestone, weathering orange brown. It varies, however, as
it may become rather mic&beeus‘ as in Sealgill (286) or 1t may be
slmost deficient of clastic matter as in Sleightholme (581).
ﬁx‘posu-re of it 1s good in the stresesms of Bl'eightholme, Sealgill and
Roveglll, and some loose pleces occur in Blue Oap - Sike. The lime-
stone seen in Burnt 6111 between brenches of the Sfa:lnmore Sammit
Feult (932115) is probably the seme band.

' Below the marine band, but not necessarily immediately beneath
it, is the Lower Goeal 8il1l, This 1s a substantial ssndstone, the
base 'of' which is not very far ebove the Mein Limestone or Chert.

In fact the shale is only reelly seen in fleightholme end even there
the cliff section is partially hidden by debris. Expsnsion of the
sandstone seems greatest along a north-south line through Roveglll
gnd Sleightholme, in both of which it may reach over 25' but
estimation is difficult oMg to ﬁhe false bedded nature of the rock.

The boring record at Mount Plea_sgnt, where 42' of grit overlie
62' of shale, shows a striking contrast with the surface exposures.
It is 35 miles away from the nesarest stresm exposure snd it seems

that the Lower Oosl 8ill snd marine band have been replaced entirely

|
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dy shale, though the possibility of considerable thickening of the

Coal 8111s Group must not be overlooked. A section was drawn up in
the Tees, N.W. of Abbey Bridge (063152) but this does net help very
much, except that it is noteworthy that the Lower Qoal 8ill is there
formed of coarse sandstone., A feirly rapid survey of the ground
unfortunately fai;ed to reveal any merine band, though this may still
be present sbove the Lower Ooai 8il1. Lacking a marine horizon
gbove the Great Limestone, correlation of the Mount Pleasant Bore
with the Bowes end Tees exposures must be somewhat specilative, but
it does!illustrate very well the variable nature of the Osal S8Sills.

Above the marine band are shales, which become more sandy hi.ghex;
up, mitii, underlying the Little Li;neatoﬁe, are 20' of sandstone,
massive at the top. These massive sandstones contain marine fossils
in their upper portions and often appear to pass impereeptidly through
a fossiliferous, calcareous sandstone into a sandy limestone.
Frequently no clear boundary can be discerned, as the crumbly and
weathered nature of the rock mskes a detalled examination difficult.
In the bank ot the Tees near Abbey Bridge it 1s possible to ﬂistinguish
a pale grey sandstone with carbonaceous stresks from a coarser sand-
gtone whieh is slightly calcareous and fossiliferous, but in the Bowes
area, while s sasndy limestone may be distinet from the fossiliferous
sandstone below, this cennot be separated from the undsrlying
unfossiliferous ssndstone.,

No coal has been found anywhere in the Ooal. 8ills Group ef the
Bowes area, but on the 0ld Beries Geological map two thin bands of
ecoal, 2" - a% thick, are marked in Blue Cap BSike towards the top of
the Lower Coal 8ill.
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For the next two miles west of Blue Cap Sike, not much of the
Coal Sills appears through the drift end the marine band 1is
completely lost. Occasional ssndstone exposures, however, enable
the two sills to be mapped. The Upper Coal Sill maintains its
| lithology gll the way, but in Spital Bike a .genister has come in
under the fessiliferous sandstonme. By this point the marine bend,
as 1t was known before, has Igon_e._ ~ There 1s no longer any calcareous
bend either immediately sbove or in the shale close sbove the Lower
Coal Sill. Instead a slightly fo-séilifamus crumbly micaceous
sandstone sppeears ne-ar the top of a serles of flaggy sandstones,
but it 1s extremely difficult to fix its precise horizon, for foseil
fragnents can be found disseminated through several feet of sendstone.
Above this fossll sandstone, end separated from it b_y'p'erhaps 10' -
15' of unexposed strata, is a compact white cc;grse sandstone. This
is certainly distinect from the Upper Coal 8ill, end, in Spitel Sike,
méy 'bé distinect frem the fossil sandstone, but the evidence to the
west implies that this is all one ssndstone, with a broad band
containing fragmental fossils running through the middle.

The coarse sandstone continues westwards as far as Maiden Oastle
end for much of the way the fosell sandstone, which is frequently
quite coarse and slmost a grit, can be traeced. There are some
exposures in. the streems in the valley bottom, but these are broken
by feults end not easy to mske out, On the val;l.'ey~ side, on the
other hend, there are masses of loose boulders marking the feature,
but very little sendstone in plece amnd nothing whatever of the finer
grained members of the suceession. However, the scraps of evidence
availseble do shew that the fossil fragments may persist through sbout
20' of sendstone as 1a the beck 8,W. of Black Riggs (872125) and that
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they are overlain by unfos__sil:lferoug coarse sendstone and grit; |
Comparing the two sequencss deacfibegi_abovg » two poseibilities
emerges Either the Lower Coal 8111 in each sequence is the same,
in which case the marine bands have come in st different horimns,
or the marine bends are the same and the arenaceous members of the
succession have entered at _d_.ifrer_ent times. In favour of the first
suggestion is the contrast in the marine horizoms, which normally
keep their lithelegical peculiarities over qlzite a wide aré:é; and
the evidence from Lunedale of more then one marine band. In favour
of the second possibility are the following fac.ts,
In Sleightholme the complete marine band is as rollowss;
Pure dark Limestone (581) eeesesess 1
Fosslliferous sh8le seccoveccsccece &
@arfbonaceens ml caceous aandst_;gn_e.
with fragmental fossils sececeee 2
Shale snd sendstone bands «.eceveee 6
There 1s no sign here of any sandstone or grit, but the fossil-
iferous sandstone is very like that seen in Spital Sike. In additien
there 1s no similarity between the rather flaggy sandstone of Rovegill
and the coarse massive sandstene to the west, and on the ground there
is a definite gap of about a mile, east of Spital 8ike, where no
sendstone cen be found in place. In view of the uncertalnty the
marine band has been mapped as a discontinuous horizon, while the
sandstones, which unc?.qubted.]_.y pass into each other, even though they
may not be entirely contemporsneous, have been mepped a&s a oontinuous

bend.,
Along the Westmorland searp and in the stresm sections there 1s
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further eﬂdqnee of the variability of the Coal _811}9; . Most of the
way_'they form very good re-atur_es, but thesg d_;lsappear at some points,
end, as there i1s ne drift cover, this sppears to be due to their
lenticularity. The Upper Cosl B8ill persists, a8 it does everywhere,
though its thickness as a truly arenaceous member of the successien
may change. _ _ _ _

In Y_ai'd 8ike, the foﬁsil sendstone appears to thin out due to a
transgrésqion at the bas.e. of the sandstone above. This transgression
has lncreased so markedly by Smeltmill Beck that no marine horizon
can be found at all. A thick massive sandstone has cut right down
until it has coalesced with tl_té Lower Coal 8ill. '].'his- facles is
of very locsl extent, however, as half a mile on either side of the
beck the feature which the sandstone roxﬁa hag dilsappeare,ﬂ.
Borrowdale Beok 'sp.ows yet a different section. Here, ‘the fosall
sendstone occurs at the base of a sendstone bend with dark shale
beneath it. Meanwhile a strong grit has come in, not far frem the °
top of the Great Limestone. This is first seen near Cumpetone House
md 1t increases in a north westerly direction. With its assoclated
sendstones, it becemes 50" thick by Spurrig End and cen be traced
as far as Wigdxnore End Quarry. It has a trensgressive base and
probsbly cuts into the top of the Great Limestome. -In a swallow
hole (8;%175) grit cem be seen lying slmost on tep of the limestone,
with only &' - 4' of shale between. Above Windmore End Farm the |
fossil sendstome lies on top of the Middle Coel 8ill, here a massive
sendstone, at least 15' thick, but this elso deteriorates until 1t
is represented by sbout 6' of flaggy sandstone in Slateshill Beck
(823174). _

As already stated, surface exposures of the Cosl Sills @roup
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around I_.n_néhead are non-existent. Loose boulders of grit eamd

sendstone nevertheless show that there is yet another development
of the coarse facles. Ité. proximity te the dreat Limestone
suggeste thet it might be the Lower Coal 8ill, but it may equelly
well be the massive development of the Middle Ceal 8111, once

again Joined to the sendstone beneath, The only mine section, in

Hunter's Vein, does not help, aes it shows three sandstones, separated

by shale, with no marine beds recorded. _

The constant nature of the Upper Coal Si1ll throughout the area
contrasts strikingly with the beds below 1t. It can be followed
over much of the ground even where it is drift-covered, and it is
picked up again in the River Lune above Bleke House.

'.l'im_ marine bands are seen in the River Lune below Black House
end sn additiensl onme has been found in the Selset Bores. Holes
Nos. 1, 2 and & penetrate the entire thickness of the Coel 81lls
Group, and..nelea Nos. 5, .12, 123 and 14 reveal some part of them,

At Belset the bereholes show that though the bottom &6.‘ are
extiﬁ'emeiy variable litholegically there :l_s us__l_aally a coarse sand-
stone some 10' above the top 61‘ the limestone. In Hole No. 14,
at Wemergill, a grit lies directly on fosslliferous .sha'le. This
‘omn elso be seen in Hargill where there is a faint suggestion of
trensgression at the base of the grit. Above this grit end coarse
sandstone are sandy ghales which may become true shales, scmetimes
nedular, at B_elset.. These change 1nto.sgﬁdsi_:'ene which, in the _
.selsét borel_mle‘.s contain ;narine foss{tl, end are capped by a lime-
stone with very fossiliferous shele above it.

This marine baﬁd does not oceur on the surface although equiv-

‘alent rocks are exposed in Hargill. In this stresm the sandstene
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is overlain by a 1' eosal sesm followed by shales and enother aand.;-
stone. Nothing marine is found here at e€ll. In the River Lune
the lowest sendstone is roughly at the horizon of this marine band,
but no fossils have been seen. Hole No. 14 proves 40' of solid
reck with no marine fesslls above the top of the Great Limestone,
though, in the beres at .Balset, the entire marine band occurs within
40" :@e:_t' ‘the limestone. It 1s probable that the marine band has died
out, as there is hp evidence of trensgression aboeve 1t.

Ahother,goa_l appears in _the Lune above the coarse sandstone
and this is ev_erla:ln'by shales and lenticular sandstones well exposed
in the river bank (89221%), There are then two marine bénds |
separgiﬁed by shele. The lower one is s muddy limestome, packed
with fessils, mainly Productids smd their epines. It is only 6"
thick in the River Lune, but fhe boreholés show that the sandstone
below hls_e contains some marine fosslls. '_Th'e higher marine band 1is
a eél-ééfeoua smdstone‘ composed mainly ef quartz grains of sand grade,
eeménted by cslelte, but contalning a few larger grains. The calclte
is partly dolemitlzed; fossll fragments oecur, but they are not
ebundent. This marine bemd has been réeevere_,d from only onse borehole,
though four of them penetrate it, The cause of 1ts ebsence 1s mnot
certain, but as recovery of the cores was only sbout 5@% nen-recovery
oould be the explanafion as well as transgreésion or neﬁ—depes:ltien.
In t'he' River Lune t‘h,ere.ie a slight trensgression at the” base of .the
Upper Cosl 8ill, as noted by Carruthers (1938), end a coarse sandstone
rests directly on the marine bend in the boreholég, so it is quite
probable that the' Bpper Coal Sill, which ungloubtedly has thickened
at Selset, does cut out the tep marine band.

East of Grassholme the only exposure of interest 1s in Easter
Beck where sandstone sbout 30' thick appears seme 6' sbove the top of
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the Great Limestene. One or two pieces of loose fossil sendstone
were found here snd they may represent the lowest marine band of
the Selset Bores. Nothing else marine is seenm this gide of the
reservolr though there are exposures of sandstone at the bottom of
Shields Beck. | |

The lack of actual coals in the Gosl 8ills éroup 1s.neteab1e.
The only ones found are those in Lunedale, though there are also the
thin seams reported from Blue Cap 8ike. No coal i8 ever seen under
the Little Limestone, though there may be a ganiéter as in Borrowdale
Be-d:..} This is very different from some other areas where the Little
Limestone Coal is the hest developed of all the Yoredale coals.

(v) _Discussion. In the north eastern corner of the area the

coral band is undoubtedly the Frosterly Marble of Weardale. It has
the same large brachiopods and clisiophyllid corals end is at sbout
the seme horizon in the limestene. = A cursory exam-:l.natioh of the
Great Limestone in Teesdele to the north é’eems to show that the band
can be traced dowmm the valley. To the west, hoiqver, it aies out.
Does 1t extend southwards, Joining up with the ‘coral bend seen in
the River Greta? is corsl band is of very limited extent near

Bowes, though its continuation in a northerly direction is possible. -

It definitely does not extend ea-s.twards, as ghown by the Mount
Pleasant Bore snd the exposures in the Tees. In additian, the
corals are not associated with large brachlopods, and, in spite of
its posit:loxi at roughly the ssme horizon there is no justification
for correlating the two coral bands without evidenee of their '
continuation under the syncline.

It is a pity that the Tumbler Beds are not weil expése-d, but it
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has been shown that on the whole théy reach their greatest develep;
ment in the north east amnd south east of the area. As, however, in
the seme regions they pass laterally into massive limestone in a very
short distance (as has been shown south wet of Bowes), tﬂs is
probably enly a genersligzation. A‘Aeompl:l.cation is introduced by
the transgressive nature of the Lower Cosl 8111 which may in some

" places bg the cause of the sbsence of the Tumbler Beds rather then

non-deposition.

Dunham (1948) shows how the High Coal 8ill of Alston may coslesce
with the Low Cosl 8111 in a washout chennel im the latter to form
a single sandstone. Nothing quite so clear cem be demonstrated in

this area except in Smeltmill Beck where the marine band is definitely

. cut out by the Middle Coal Sill, The same thing however may well

occaf Just to the west of the Lunehead Mines, The Upper Coal 8ill
is probably transgressive in Lunedele and so is the Lower Coal 8111
both there smd above Mndmox;e End Quarry. These transgressions,
however, are only of minor importence. . '

" gorrelation of the marine bands over the aresa as a whole is
not profiteble as they are all limited in extent. The Selset Beres
show thet there may be at lesst three horizons of marine deposition,
but that they do not necessarily extend far laterally. In this
respect the marine bands of the Cosal 8ills @Group contrast with the
others in the Upper Limestone Group. It seems then that though the
Coal Sills Group is dominantly non-marine, the sea was never very far
away end that &t frequent but irregular intervals the sea covered
part of the area. In view of the supposed equivalence of the marine

" Red snd Black Beds of Swaledsle with the Ooal 8ills (Hudson 1941,

p.266) this evidence of proximity of the sea is mot surprising.
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(c) Little Limestone snd Ten Fathom Grit.

Generel This cyclothem is the last whose mspping is
straightforward. ' ~The Little Limestone at the base is well exposed
end easlly recegnized, and, yigher up, the Faradey House Marine Band
posseéaes a characteristic 1ithology which mekes it readily
ldentifisble. .

Throt'lghout mich of the North of Englend the limestome is known
as the I.ittle, or more specifically, the Upper I.ittle, to distinguish
it rrom another 11meetene of the same neme low down in the Middle
I.:lmeatone Group. Around Richmond, hqwever R " the neme l_ied Beds Lime-
stone has been used for the s‘uppesedequ:lval__ent hqrizon, and on the
original 6-:I.neh map, Yorkshire N.E. II, 1t was celled the Rey Croes
Lime-stene.bgc_auae of its outerop at the Roman Camp on the Bewea—
Bfeugh roead.

The Ten Fathom Grit eccurs over much of the country to the south
between the Little end Orow Limegtoneas and includes fine grained
strata as w_e11 as grits. T_l_ze equivalent rocks to the north are less
eesily named. Dunhem (1948, pp.21-3Z2) discusses the uses of the
temé i’at%ingon, White _(H:léh-Patt:lnson) and Pirestone S1lls on the
Alston Block, In Lunedele there are, at the most, two sandstone
bodies éepa'rated by a marine band and for convenience they will be
called‘t-h-e Eattinson and Firestone 8ills, though it is quite possible
that the lower sandstone is the equivalent of the White 8111 of Alston
Moor rather than the Pattineon._ The marine band has been called the
Faradey House Limestone by Turner end Rowell (per_sonal communi eation)
after 8 locality to the south of the preaént area. As it is seldem
a true limestone here; in the text and ﬁgurq-s_ it y:lll be referred
to &8 the Paraday House Marine Bsnd, though on the mep it 1s called
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the Faraday House Limestone. S

The beds of this cyclethgm have a very broad éutcrop along |
the southern flank of the area. Horizmontal or very gently dipping
strata cover most of the ground between the Bowes;B_x-augh road snd
Beepdale. It is however thidcly covered by drift and ﬁeat. This
mekes it impossible to obtain a complete section amnd the middle beds
are never pi-ope'rly seen, Nevertheless, 'qhe Little Limestone itself
is often exposed here on the festure formed by the Upper Coal 8ill,
sppearing aleo o the north in Red Bogs Sike, on Ssndy Hill end
W.8.W. of North Ings, whers it forms an extensive limestome pavement,
theﬁghl'o'n'ly _3':- 4' thick. -!l'he' Faraday House Marine Band is slse
frequently expesed in Deepdsle snd is a good guide to the higher
beds of the cyclothem, better, in fact, them the overlying Orow
Limestene which is very rarsly seem. South of Deepdale oceassionsal
exposures of sendstone snd grit and the meny features covered by
loose i'ock‘_show the epproximaste position of the Ten Fathom Grit,
‘but its relation to the Faraday House Marine Bemd is obscure.

" ' In Westmorlend the Little Limestone is the best mapping line
avail'éile, until it disappears under drift east of Bwindale Beck.
Above 1t the only guide is the Tgn Fathom Grit which is here the
sele substentiel erenaceous bend between the Little Limestone end
the Millstone @rit. The Faraday House Marine Band is not seen at
gll except in Borrowdsle Beck, snd so, while mapping is quite
straightforward,_the true relationships of the strata are not so
easily dlscerned.

Much the seme is true of the Lunehead Mines area where the
Little Limestone is exposed, but the' sendstones have thinned and
the Faradey House Marine Bsnd cennot be found. The whole of the
ILittle Limestone outcrops im Deadmsn @ill, and in the River Lune
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above Bleake House. In addition the upper part of it can be found

in Rowton Bike, but this stream section is badly faulted, and it is
quite possible that the spparent thinning of the cyclothem here is
due to minor ranlting_ mtt;ng out most of the shales,

| Occasional expesures in the Lune vaél._ley enable the beds to be
traced aleng to the south east of the Grassholme Reservoir, where in
the reservoir bend and im the unmemed beck east of Grassholme Bridge
there are excellent exposures from the Little Limestone upwards
which osn be compared with the Selset Bores. The sandstone forms
a feature eastwards and can be follpwed along to the stréam below
Swarthy Mere snd on to Shields Beck. The Paraday House Marine Band
is seen in meny of these becks, but the Little Limestone is only
exposed in Shields Beck.

(: Little Limestone. The Little Limestone 1s best regarded
as a marine series 20' .-..EO' 'tiaiek, with either sandy or pure lime-
stone at the base. The difficulty of aeparéting the merine rock
from the rock without marine foésils below has already been meationed
(p. 47). In some places, for example in Borrowdale Beck, the
genister top ef the Upper Uoal 8ill makes the distinction guite clear.
Here the pure limestone reaches a thickness of 5% but nermally the
basal 1.1-mestan§ is rather sandy, in Lunedale there being sbout B50%
«iuartz:, with cslcite and some orgsnic materiel forming the ' cement.
Around Bowes the gsame is true, and in fact the rock 1s really a

cal careous ssndstone. One thing is constant ebout the lewer members
of the Little L_imestene.aerie: they are free from muddy sediment.
This comes in above the basal limestone snd produces & very variable
sequence of muddy and siliceous limestone interbedded with pure or

gendy limestone snd fossiliferous shales.
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It i8 not easy to draw an upper boundary to the marine beds

of the Little Limestome series. . The typical fossilifercus shales
end impure limestone pass up into unfossiliferous shales snd mua,-
stones. These may contain fossiliferous nodules as in Rovegill

(80) and they may be capped by fessiliferous siliceous limestones,
These resemble the 'lime plate' of Carruthers (1928) and in Lunedale
mey continue up te 40' above the base of the series with occasienal
fossils in even higher sheles. These graeduelly beceme unfossiliferous,
siliceous mudstones so well exposed im Deepdasle, with nen;-marine
ghale aepa_r.a'ting the mudstoné ‘bends. At the Lunehead Mines, the
shale sppears to have thinn'ed,.but, es mentioned sbove (p. 57) this '
may be mére apparent .th'_an resal, The totel thickness of the lime-
sfone is noet clear here. Rowton B8ike proves at least 20' of impure
limestone with cal careous mudstone at the bottom, end the Hunter's
Vein shaft section gives 7' of limestone above the Coal Sills Group.
This mesns a minimum of 27', exclusive of shales above, snd the true
thickness may be greater still.

There are two outcrops on Bowes Moor whose atratigrabhieal
position is & little doubtful. The first is in Glasgow @111 which
is a deep overflow chennel cut in a feature formed by a coarse send-
stene, loose boulderse of which are seen on Glasgow How anq. on @Grey
Sear. In the Gill are sabout 6' - 7' of massive limestone dipping
very gentl,y southwards. The rock contains bands of both pure and
gilirdeous limestones, and it is ell rather fossiliferous. No solid
rock can be found either above or below the massive limestone. Either
it 1s near the fop of the Great Limestone end the coarse sandstone
gbove 1s the Lower Cosl 8ill here showing the facles seen in Spital
B8ike, or it 1s the Little ]E.i‘mestone with the Ten Fathom @rit above,
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Lithologically the former is mere likely, The limestone could

well be a rather thick post of the Tumbler Beds, while the Little
Limestone has not been found to possess quite such a thickness of
limestone without shele bands. On the other hend, if it were, the
E.N.E. fault to the south would have to have a very much greater
throw, snd another fault would have to be introduced north of the
outcrop in order to throw down the Little Limestone seen in Black
_Béek. Oon stmctu:al grounds therefore the latter is preferred.

In a small quarry N.W. of Clint House (982148) there is a rather
calcareous chert. About 6' are exposed altogether, dipping at 8°
to the N,N.W. Nothing is seen of the beds above or below, snd
there are ne other exposures of :I.d‘ent:l.f:_lable s0lid rock between
Deepdsle to the north and the Clint Quarries to the scuth, The rock
is & pale fossiliferous cherty limestone, rather bended, with lumps
of pure derk chert forming lenticles sbout 12" long and 6" high.
Nothing quite llke it has been seen anywhere else. It is definitely
not the Main Ohert which is a dark, unfossiliferous end much more
banded reck. The Crow Limestone, well expeéed in Deepdale less than
a mile to the North, does not oonta:lz_x any chert, It must therefore
be the Little Limestone chert facies. It 1s not seen elsewhere in
the neighbourheed as the neare-st-:mll exposure of the Little Limestone
ie in Sealglill, a mile te the seuth west. Bagtwards, there are no
exposures st sll spert from some siliceous limestone in Tmornberry
Quarry just merth of the Barnard Castle-Bowes road, until the Tees
is reached, where no true chert was found.

The dip tg the N,N.W. in the Quarry might imply that the chert
is straugrqphieally far above the I.i'l.’;itle L:I.mes_tcne of Clint Quarries,
but at the latter place the beds are ﬁmeet horizontal and so there
is no structural reas_éh for thinking the chert lies very far sebove
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the limestone. It is suggested therefore that this might be en
extension of the chert facies of Bwaeledale nerthwards, the boundaries
of which lie somewhere beiween this outcrop end Sealgill to the West
and the Tees to the dast.

3) Ten Fathom Grit end Feradey House Marine Bemd. In
swﬂedéle the Ten Fathem Grit congists of sandstones, often coarse,

end shales, in two divisions, with a thin limestone between them
(M.éllerétang Memoir 1891, p.l-o).. In this area it is very similar.
On Ravock, the grit reaches its coarsest development. : There
are over 15' of compact and current bedded grits with depositional
dip te the We S W, Much loose grit can also be found, sometimes
forming low features appearing through the peat to the east énd west
of Ravdck, and there are outcrops of grit in Deepdele just to the

- north.

The position of the PFaraday House Marine Band within the grit
féciea is not certain, Above the Ravock grit there is a little
siliceous limestene, lying in place. This appears to be more like
the Crow Limestene than the Faraday House Marine Bemd, yet in Deep-
dele 1tself (949148) a sendy, fossiliferous limestone similar to the
Faraday House Marine Band lies on top of grit. The 0ld surveyors
considered this limestone to be the Rey Cross (Little), repeated by
a conjectured fault a little downstream. There is no sign of the
limestone downstresm, though there is some grit. The conclusion
drawn is that there is a grit facies both sbove and below the Féraday
House Marine Bsmd.

Eastwards, below Orag Bridge in Deepdale, the seetlon shows a
complete cyclothem asbove the Faraday House Marine Band. No grit is

gseen here below the Orow Limestone, whiech aetusally lies on earbonaceous
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shale, and not on gsnister. Not & great thickness of rock is seen
below the Paraday House Marine Band in_ tl}ip se_cn:b:lon,v but if the
strata were coarse they would surely eutecrop somewhere in the
nelghbourhood. -

In Deepdale, above Green How, an E.,-W, feult lets down the
Faraday House Marine Band and the beds below it. These are obviously
not very coarse, snd, though the fuult prevents a continuous succession
from being obtained here right down to the Little, it is quite olear
that there is no grit fse:l;e-a. ~ Thus the grit facles of Ravock dies
out to the N.E, and N.N.W., though in a westerly direction 1t
probebly extends as far as the two outliers elther side of Glasgow
@ill. |

The Faraday House Merine Band is a band of very shelly s'and;-
stome or sendy limestone. ~ The constsnt feature of the band is the
occurrence of massés of well-preserved brachiopods, usually just
their casts in the _sandy type of rock, but the complete shells in
the ﬁtifer limestene. The brachiopeds are mainly Spirifers and
R_hynehonellids,. with some Productids. In Deepdsale, belew Crag
Bridge the limest.one' is elmost pure (6543), but in the higher resches
of b'eepdale close to the county beundary _it becomes a rather gritty
stm&‘stoﬁe (352). In the beck here 1ts exposure 1is extensive, and
Just to the N.W. the Crow outeraps. Nothing can be found of the
intervening rocks, so presumaebly the finer grained facles extends
as far as this point. ‘ _ o _ ‘

Beyond the county beoundary, however, the coarser rocks begin
to show themselves again sbout the 0ld Querry (876128) emd Just
beyond Yard Sike. In this beck quite a thickness of non-marine

shales pessing up into sandstone flags can be measured, but the
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exposure 1s not centlnmuous up into the coarser sendstones; nor can
eny sign of the Faraday House Marine Band be found, For %;mile
along the escarpment enly flaggy sandstones outerop, but, south of
@reat Moss a strong feature sppears through the peat. This is
High Orag, which near Smeltmill Beek has become a huge cliff
revesling about 65' of flaggy and compact ssndstone extendimg down
to within 30' of the top of the Li_.tfle. A therough search was made
for the Féraday House Marine Band, but without suceess, Less than
%00 yards N.W. of aieltmi;_ll Beck this thick saendstone has gone, and
sandy shales and flaggy sandstones represent the Ten Fathom épit
as far as Longcrag House. -

It is suggested that this is a sandstone-filled washout. The
chennel was formed after deposition of the Faraday House Marine Band
which is here cut out. The thick sandstone, representing the upper
pert of the Ten Fathom Grit, then filled up the eroded channel.

The Peradey House Marine Bemd may not have been deposited, but this
is most unlikely eonsidering its persistence in Borrowdale Beck,
Deepdale, and in Argill Beck 1 miles to the south west (Rowell,
pérsohal commanication). |

North of Long Orag the sandstone becomes more compact again,
but the outcrop in Borrowdsle Beck of the Feraday House Marine Band
shows that no washout of the seme magnitude c;cc_urred. In fact, the
thickness of sandstones is greater below the marine band than above
and this suggests that much of the sandstone at High Crag 1s the
lower part of the Tem Fathom Grit, the transgression ocaurring
perhaps only helf way down the section. The beds immediately below
the Orow are exposed sgain further up, | at the foot of Crook Beck, by
g feult but the throw is not sufficient to show the Faraday House
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Marine Bend. North westwerds there are many exposures of sandstone
_ﬂage end seme of the underlying shales end mudstenes which may be
20' thick. Nothing very definite is seen of any overlying merine
band until Deadmen Gill 1s reached. This is the beginning of the
Lunehead .!_ﬂ_-in_e area, and a change of nomenclature for the sandstones

is necessary.

{iv) Pattinson snd Firestome Sills. In the becks on either

e:lde of the ceunty boundary the Firestone 8111 emnd crag Limestone
are orten expoeed, but their identification 1is seldom cuite certain
as t_.he eeetiene are never complete end there are undoubtedly more
femlts then are shown on the map. The poeeibility of: strata belng
cat out in Rowton Sike has already been mentioned (p. 57), eepee:lally
a8 60' of beds, mainly hidd-en,_ occur between the top of the Little
'-and,the Crag Limestone in Clove S8ike. Two sendstones are seen here.
Gn-e, the Firestone, is at 1eee‘§_8' thick, comprising carbonaceous
sandstone lying on top of flags. The other is some 20' below this
end is at least 4' thick; presumsbly it is the Pettineon 8111,

The :Lnf-ervening beds are not revealed. _

In Rowton Sike two sandstone members ere seen. One lies
immediately below‘ the Crag Limestone and so mee_t be the Firestone
gill. It is a flaggy sendstone with shale bands, and '_below this
is .a thin _earbonaceous eeﬁdeten_e_ lying eﬁ g siliceous sandstone.
Much the seme is found in Deadmen Gill where the Crow Limestome 1s
only recognised by a few loose pleces, and so its exact horizon
cannot be placed. It is believed that in both these stresms the
Faraday House Marine Bamd should oecur sbove the lower sendstone,

but it has not been found. Two sandstones cen be dlstinguished,
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even if the gbsence of the_markqg horlzon mekes thelr exact positien
aifficalt to prove. The complete sequence can be ascertained from
the Selset Bores, though no single hole goes from ‘the Qnaé to the
Little Li.'me;aten-e. There 1s a tremendous increase in thickness
compared with the Lunehead Mine area esnd it is unfortunate that
nothing is exposed between the two, The Pattlason 8111 has expended
to ﬁééiily 60' of sandstone, often coarse. Its thickness diminishes
eastwards but it i1s well expesed near Grassholme Bridge emd in
nuﬁéroﬁ; é_\ial;rile-s and streams south end east of the reservolr, forming
‘eentil_mwus sandstone band. o

The fossil sandstone oceurs above the 8111 in the bores, end in
the surface. expom_:red. It has the typlesal lithelggy of the Faradsy
-House Marine Bahd, being very sandy and fu11 of brachiopod casts.
The beds betw_e_e,n thig 'and the cljag Limestone are almost entirely
shale though a cosl and genister can be seen at Grassholme Br;dge,
end there is some sandstone at Selset. Thus the Firestone 8i11 has
here been repia-ced almost _entire_ly by aha;l.e and for a distance of
& nl:l.ie; éast of Gfasshplme Bridge only shale is seen between the-
Farad;y House Marine band and the Crag Limestone.

} Discugglon. Once again, the transgressive nature of the
qaﬁdstéﬁes in the Upper Limestone aroup has been shown, In ac}dition
to the washout proved at High Crag, there may be others in the
Stainmore Area. At Ravock one would expect to find scme exposure
of the Fg_rada;r_ House Marine Band round the southern flenk of the
hill or at least in Dackett 8ike. As it 1s, the only exposure,
outside the Deepdale énl_es_ slready mentioned is just to the esst of

Ravock (963146) where some loose fossiliferous sandsiome was found.

L

v
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Nothing else is seen even of loose pieces,v;n spife of the presence
of mamy grit boulders. Here, there is probebly another weashout,
less then a mile amcross.  Similar evidence from the Tees Just below
Barnard Csstle Bridge shows much the same thing. A great thickness
of ssndstone is seen in the river bed, dut there is no sign of the
Féré&ay House Marine Band. “ B

Miiine bands have been reported at a@,;eaat two horizons between
the Little and Grag limestones on the Alé&aﬁ Block (Dunhsm 1948,
pp;éi;ss). It'is not oclear to”whicﬁ one the Faraday House Marine
Band corresponds, but it 1s certain that 1t cen be followed across
the Tees into North Teesdale as it has been found 40' sbove the
Little Limestone in Eggleston Burn at the road bridge (989249). It
is the usual shelly sandstone end has shele sbove and below it.

The only arenaceous rock is a grit, presﬁmably the Firestone 8111,
gbout 18' above it, but the Crag Limestone could not be found,
Identification of the Fareday House Marine Band with one of the

K sten Block marine bands would enable sille below the Firestene to
be correlated ss well.

In the previous cyclethems there was considersble variation in
lithology within each cycloﬁham, but the total thicknesses remained
mach the same throughout the sarea. In common with meny of the
succeeding cyclethqmé,_the total thickness of this cyclothem varies
& great deal from sbout 70' at the Lunehead Mines to 150" at Selset,
end down fo sbout 80' in Shields Beck:.  The thickness increeases
roughly with the proportion of ssndstone and differential compaction '
may be partly the cause. However there are a;ao chenges of thick-
ness in the marine beds of the Little Limestone snd these can only

be explained by differentliel subsidence during deposition.
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.',_mrfe'rential compaetion could alsc be invoked to explain the
ab-e'nce of the Faradey House Marine Band in the plaees mentioned
egbove, The thleck sandstones at these plaees would then underlie
its horizon snd heve stood up above, 'ibhe-’se.a, go that the Faradey
House l;&alfin_,e Band was net depasited.- Hew*qver, in the Selset Bores,
whefe the Pattigon 8ill is et ite th:_l.d;est_,_ the Fereday House Marine
Band ﬁ;s. dgﬁ.n:l'l;gly lla:l.d c_l,eﬁj_,_ 80 tl;gi_%__;"meval by transgfFession 1s %he

more 1likely explanation for its absence.
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(d) Crow Cyclothem.

(1) .G‘cne_ra,l. The beds of this cyclothem and the suceeeding
one sre the least satisfactory of all the strata discussed in this
thesis. Exposure of the marine beds is poor, and there are no
definitely reeeguzable bands between the Faraday House Marine Band
end the @pe{stonesdale. In addltion the laek of arenacsous rocks
over most of the erea mekes mepping difficult., Finelly there is
the les- of one merine band between the bottom of Lunedale and the
remainder of ihe district so that correlation between isolated eut- .
crops is always spec_ulati_ve. _ » _

The limestone has been known as the Crow over all the country
to the south and west, in the Mallersteng Memoir (1891), on the Ol4
@eologieal '&n’vey Meps, end in Tui-ne.r (1935). On the Alsten Block |
the equivalent l;ed is the Crag Limestone, with the Knueton 8hell
Beds of Carruthers (1938) above it, To the south no'strata have
been nemed between the Crow Limestone and the ﬂower Btonesdele
L_:I.-iiétone, ﬁt to the north there are a number of thick sandstenes
sbeve the Knucton Shell Beds. These ere Westgarth Forster's Hlate
8ills for which the Hunstanworth miner's term Grit S8ills was used ‘

by Carruthers (19238). The latter term 1s also used here for sand-

‘stonmes eand grits below the Rookhope Shell Beds.

No seetion of any value could be obtained from the Bowes area,

' 80 one was drawn up for Deepdale just beyond the eastern boundary

of the map, A triple féult throwing north bresks the section, but
a8 equivalent strata can be recognized on elther side of -the fault

the section is falrly accurate. The Crow Limestone is well exposed

_in the river for some distance elther side of Crag Brj.dge and there

is a smell eutcrop on the north west side of Raveoek (954146).
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Between Ravock end an ieolated outerop of the limestone north
east of Deepdale Head nothing is seen of the cyclothem except for a
coarse sendstone in Backstone Beck snd Knotts Sike at the horizon
of the Grit 8ills. . |

In Westmorlend exposure 1s no better though there is a complete
section in Borrowdale Beck repeated by the fault in Orook Beck. A
few loose limestone boulders sometimes enable one to map the position
of the Crow Limestone and there are small exposures above High Orag,
end at Cow Howe, but they are all.

In Deadmen Gill the upper part of the cyclothem is fairly clear
but the lower part is doubtful since there is no limestone in place.
A more complete section is seen in ﬁev&._on 8ike with fui-ther_exposures
in Clove Bike and Black Crook. Then everyﬁhing is lost under darift
until the Selset Bores are reached. Holes Nos. 7a, 7 end 8 each
penetrate part of the cyclothem but as correlation between the holes

is not precise the section 1s only an approximate one. Good surface
| exposures csn be found near Grassholme Bridge end in Shields Beck,
but ae the Rookhope Shell Beds are not seen in either case the tops
of the sections are not exact. East of Grassholme the Grit 8ills
fe.x;n a good meppable horiszon, as good as the Pattinson 8ill fer '
purpeses of correlation between the streem sectlons. These sand-
stones also outcrop in the River Tees end in Hunder Beck but epart
from one exposure of what is probably the Crow Limestone in the Tees,
the rocks below the Grit Sills are not seen. '

_Orow._end Orag Limestone. The Orow Limestone of Deepdale

ig a thick, mederately pure limestone w_ith muddy emnd siliceous bands,
snd eenie shele pertings, but lateral changes are rapid. It is

1
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comparatively fossiliferous though the fossils ere mainly fragments
end crinoid ossicles. Some of the limestone is rather giliceous
but no chert occurs. Eastwards the Crow Limestone mainteins this
thicknese as can be seen below the castle at.Bannard Castle, but
westwards it must thin considerably for it i1s not exposed for more
than 4 miles, end in spite of the drift this 1s most unlikely if its
thickness was maintained. _ .

Confirmmation of thinning is obtained from 8 comparison of the
outerops in Borrowdele Beck and in Orook Beck which show how.¥qpidly
the lithology may change,

in general, however, there are three hard bands, éeparated by
shele, the lowest one containing & slightly muddy limestone which
weathers a deep orange brown. Boulders of this are sometimes seen
lying around marking the position Qf the Orow. Otherwise, outside
the sireams, only a siliceous limestone is seen, typlcal of the lime
plate of Carruthers. The three hard bands are again found in the
stresms near the Lunehead Mines, though the'identificgtien of the
limestone in Black Crook 1s rather deubtful. The fossil sandstone
end sendy limestone at the base resemble the Little Limestone, but a
sendy limestone occurs in both Rowton Slke and Clove Bike &t the
base of the Orow and the overlying noduler shale suggest that it is
probably this limestone.

The ramainihg three sections of the Crag Limestone show nothing
very new except that there is a high proportion of interbedded shale
and that the thickness at Shields Beck is approaching that of
De;pdale. The 6utcrop in the Tees also shows & thickness of about
0'. Thus both the thickness snd the proportion of pure limestone

and siliceous limestone to shele inerease to the east and south east.
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(111) shale. Throughout the area the thickness of shale
ebove the Orow Limestone is considerable. It ususlly contains
bends of unfossiliferous chalybite-mudstone nodules snd it may
eqnt:lnue right up to the base of the overlying cyclothem without
any ssndstone. |
(4v) Enucton Shell Beds. On the Alston Blc;ek these consist
of two beds of shelly ga‘ndt'one'in't._erhqdded with shale which follow

the COrag :pimesténe (Dunhem 1948, p.35). In 8naisgill, north of
'Middleton-in-Teesdale, the two bands cen be picked up, but the send-
tcane= ;I.s rather mlcaceous snd muddy.. This is even more obvieus in
Shields Beck where the Knuctons are represented by a slightly
celcareous sandy mudstone with some siliceous lime-stone. This
marine horizon is not parti;cularly rossilife.xfous, eand only one band
is seen, but the beds above 1_1; are obscured so that there may be two.
This is the énly surface outcrep, but in the Selset Bores two thin
bands of fossiliferous mudstone were recorded in the Grit 8ills whiech
mey be the equivslent of the Knuctons. Carruthers (1928) includes
one Enucton Shell Bed in his section for Grassholme Bridge, but this
is now shown to be the Faraday House Marine Band, the llthology of
which is ldentical with the Knuctons of the Teesdale-Weardale water-
shed.

(v) _'Grit. 8ills. Over most of the eastern half of the area

the top part of the cyclothem centains a ssndstone up to ebout 40
thick which grades up from the shale below. In Deepdale and Hunder
Beck this is a normal flaggy compact sandstone with occaslonal

lenticular bands of calcareous sandstone. This calcareous sendstone
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is non-marine snd contains RO fossila, _but is an extremely micaceous
ssndstone cemented by caleite. The western sections show no send-
stone, tho_ugh it begins to appear . at B;I.agk'crepk. .

In ad}iﬂ-.tion th@are is snother arenaceous facles, consisting of
a cotrse ssndstone or grit which is partly seen at Selset and east
of Grassholme. However it does not reslly develop until Bail Hill
Just east of ghields Beck is reached, where a grit 1lithologically
comparable with the normal Millstene Gr:l.f .ap-'pear.“s. This 1t was
thought to be by the old surveyors who inserted & north easterly
fault east of Shields Beck. The fault, however, would cut across
several meppable horizons, inclx_ading the Little Limestone, the
Faradaj House Merine Band snd the Trensgression Beds Griifs.
Mthem::m the Rookhope Bhell Beds end Lower Felltop Limestone
have been found above this grit, and, in the Tees the ssndstones
below these limeestg_nes are distinctly coarse and contain grit bands.

'rhi.s i.s therefore a _eontinuation éf the coarse faclies above the

Rogerley Trensgression at the base of the Low Grit 8111 om the
Alston Bleck described by Dunhem (1948). The base of the grit is
never seen, so there 1s ne positive evidence in thig area fo:g
uﬁée'nf‘olmity. Sinee the width of f.he Hunstanworth-Stanhope-

' ﬁiadleton washout is only 2 to 2% m;leg it 18 possible that it exists
here but that it is hidden by drift. On the south side of the
syncline the coerse sandsione around Knotts Sike may be the arit
8i1ls, though its horizon 1is not absolutely certain. .M' any rate
the true 'grit facies has died out and probebly the wash-out has

diséppea-red.
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) e As with the previous cyclethem the

| var:l.at:l.ons in th:lckneae are very great, and ‘the thinnest sections
ere found in the seme part of the area, in the north west and also
‘the west. Sendstone 1s completely sbsent from this part end this
compares with the Askrigg Block where the Crow and the Lower
stenes-dale marine horizons are quite-clese t-ogether, separsgted
only by shale, | | | | :

The disappearance of the Knucton Shell Beds is & problem.

On the Alston Elock Dunhem has shown how they may be cut out by the
Rogerley Transgression. This 1s not the cesuse of thelr disappear-
ance here as th'ei_r abaence has no con-nectien with the development
of Grit 8ills. Therefore either they die out 01; they combine with

| snother marine band, or the oo:;rgj.ati.pns ere wrong. A comparisen
of the sections shows that they are not likely to combine with
another merine band. The possibllity of incorrect eorrélation_s

gbove the Crow Limestone is too big to be discussed in full here,

but sn exsmination of the Deepdsle seation shows that if the
Knuctons are equivalent to the Lower Btén_esdale Limestone then

there is a thick sendstone beneath them, and this is contrary to -
an-yﬁh:lng seen on the Alston Bleck. Thus the probebllity is that
the Kﬁuctgn Shell Beds dle out Just west and south of the Grassholme
Reservolir,

The Grit Sills almost certainly disappear south of the present
area as there is no record of a sendstone below the Lower Btonesdele
in the Mallerstang Memoir. = This confirms the evidence of the areﬁ
itself that the Grit 8ills and Rogerley Transgression decrease in

importance southwards.
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(e) Lower Btomesdsle Cyclothem snd Rockhope Shell Beds.

(1). Geperal. ' The nsme Stonesdale for the limestones of this
cyclothem end the succeeding one was first used by _H_udsoﬁ (1941,
P.264) as they are well expesed in the valley of. that name.
Previously they had been knewn as the Fell Top Limestones beocsuse
they were considered by the suthors of the Mallerstang Memoir (1891)
te be the eqaivglgnt of the Fell Top Limestones of the Alston area,
This correlation is now shown to be incorrect and as Westgarth
Porster's term Fell Top 1s of earlier usage it will ._b'e confined to
the limestones of that name on the Alston Block, wh;re the strata
.considered to be equivalent to the Lower Stonesdale Limestone are
the Rookhope Shell Beds, named by Carruthers (1938). They are
usually in two bands end may have the Rookhope Ironstone above them,

on the south side of the syncline exposure 1s extremely poor
but, once égai_n, & section can be obtained from Deepdale Just beyond
the margin of the map. The-r@_ are i;wq outerops of limestone in
Knotts S8ike and Kmotts Gill with some ssndstone ebove, but too much
relisnee should not be placed on thé -correct identification of aﬁy
of the rocks slong the north side of Peepdale as mepping is very

much a question of guess work. Along the W'esfmerlmd scarp, however,

' exposure is better end the limestone outcrops in most of the small
be-oks, often with sn eppreciable thickness of shale sbove it. In
addit-ion,-the hard nature of the. rock c'om_pared with the shale abové
snd below it causes a strong feature to be found between the becks,
often revealing solid rock exposures. .

This eentinues through Deadmsan @1l to Rowton Sike, beyond
which the entire cyolqthem 1_5_ hidden by drift'until Soulgill Beek

is reached, Good aectieng are obtained in both this and Rowantree

ke

.-,
L e e o T
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Beck of the upper part of the cyclothem, end_there are further
outcrops at Bink House and in the beck S.8,E. of Grassholme referred
to es No Name Beck., Three of the Selset Bore Holes pilerce part of
the cyclothem but there is ne preci'ae correlation between the holes,
end the top 1s not reveasled. [East of No Name Beek exposure is poor
except for Wester Beck and little screps in Shields Beck and Wadycearr
Sike. In the River Tees the whole sequence cen be seen and both
the upper and lower parts occur in Hunder Beck, but they are
separated by faults so that the full thickness cannot be ascertained.

(ii)  Lower Btonesdale Limestone snd Rookhope Shell Beds. The
‘marine part of this cyclothem 1s extremely variableilithalogically.

In Westmorlend it does form a good mappable hqrizon, but in the rest
of the area it has no diagnostic characteristics and 1ts recognition
is based merely on the constant occurrence of a marine band between
the Upper Stonésdale Limestone end the Grit Sills.

In Deepdaie the marine series is over 20' thick, consisting
meinly of fossiliferous shale with some hard bends of pure end
siliceous limestone. The base is not Qaite clear because the
uqﬁe-rlying sandstone does contain some fossils, produeing & problem
siﬁilar to that of the Little Limestone. Eestwards the marine beds
thin a little. _

The old surveyors mapped a limestone in Hazelgill Beck (976160)
but nothing cen now be seen of it there. They did not attempt to |
link 1t up with any other limestone but it is slmost certainly the
Lower Stonesdale. The expesures in Knotts Sike and Knotts Gill are
very peor but they show that the marine band is fairly thick end that
1% may be sssoclated with a very hard quartz grit.
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In Westmorlend the Lower Btomesdale is not much mere then 10

th:l.ck end 1t 1s mainly impure limestone with purer limestone at the
base, packed with crinoids and other fossil fragments. In the
streams the impure limestone bends sppear to be fairly homogeneous,
but when exposed to weathering on the grassy slopes they are seen
to be the typleal lime plate of Carruthers, the more celcareous
portions wqqthering out and leaving the esiliceous baﬁds, thus giving
& platy effect. . Thie lime plate is celled siliceocus limestone,
though in the streams'__ it was at first thought to be calcareous
madstone as the two appeafa_ances of the rock are very different.
This siliceous limestone can be followed right round to Rowton Sike
where the Lower BStonesdale is only 5' thick end contains no pure
limestone. |

At Bink House sbout 4' of siliceous limestone are seen at the
top of the marine series, but in the Selset Bores there '.fs a great
‘thickness of partly marine strata ebove the érit Sills. Hole No. 8
glves the fellowing section sbove the Grit Sills;-

Dark fossiliferous limestene, with ) gi'itty
limestone at the_ﬁase veerrsmscessesses &
fSlightly fossiliferous shale and mudétone oo 14

Very herd, fossiliferous celcarsous

......

R
.o

~ mAStONe secsccrrcincsrccscercsrconnsn
Derk, slightly galcareogs_gr;t sessesceccace 1 6
Fo@alar Shale seseesesssecssssvnssssosssosss 25
Odl careous, i‘o:.ssil.ifegpu's_mué;_atgx_ie eand

muddy limestone ceetesvesarececsesnsrae 4

gilicecus limestone on sandy mica shale ,...
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Eilther the upper part of this section corresponds to the Lower

Felltop Limestone or 'l"s_he Rookhope Shell Beds extends over a vertical
renge of more thsn §0°'. The fi_rs'p suggestion seems improbsble if
the Boulgill, Rowasntree and No Name Beck sectlons are exsmined for
details of the beds below the Lower Felltop, in all of which streems
thick sandstones occur. In Wester Beck, where the nesrest surface
exposures of the Rookhope Shell Beds sre seen, the thickness may be
a lot more than the 16' shown, as neither the top nor the bottom are
clearly defined. It seems therefore that the Rookhope Shell Beds
are extremely thick here and this agrees with Carruthers' sections
for Swinhope and North Teesdale in both of which the Shell Beds sre
60" épart.

The outcrop in Wester Beck shows the mudstone and grit well.
It is very fossiliferous snd the grit occurs 1n bsnds in the mudstone,
consisting of rounded grains of guartz 2 mm. across, cemented by
calcite. This is the only outerop with this lithology, though the
one in Knotts Slke issimilar. |

In Hunder Beck there are only 5' of merine beds at the horizon
which is taken to be the Rookhope Shell Beds. They sre a very
varisble series of siliceous and pure limestones with a little shsle,
comparable to the litholegy.ef the Lower Stonesdale of Westmorleand.
The rocks in the Tees are similar, though a little thicker.

(11i) ghele, Ssndstone and Rookhope Ironstone. The shale of

this cyclothem cennot be separated from the sandsione as gll the

northern sections show conslidereble variation from normal cyeclie
deposition. It is true that in Deepdale and in Westmorland a

shale, often nodular, is followed by & sandstone. This sendstone




. .
contains fossils and may .'b.eee_m.e gritty at the top meking & good
marker baend along the scarp and reaching its maximum thickness near
M‘ickle_ (_!ill. However in Creok Beck, snd below High Edge, enother
genlster or sandstone comes in a short way above the top of the
Lower BStonesdsale. . ' _

This is & precursor of the sendstones seen elsewhere. In Hunder
Beck there is one jJust sbove the Rookhape Shell Beds end in Soulgill
snd Rowsntree Becks there is a thick sandstone with shale above it
emd then more sendstone, while the cyclothem is topped by shale.

On the other hend in Wester Beck there is a great thickness of shale,
with no sandstone at eall sbove the Rookhope Shell Beds. This is
matehed on the south side of the syhcline, for the sandstone of
Knotts Sike also dies out laterally to be replaced by 50' or more of
nodular shele in Hazelgill Beck. _ _

In No Neme Beck there is, in the shele, s thin bend of fossil-
iferous mudstone end ironstone, the latter showing good cene;in- cone
structure. Nothing very definite cen be found below it though there
is & great deal of loose shale, suggesting e considerable thicknéss,
end a broad shale feature can be traced eastwards to Wester Beck
where there is a thin foseil bend in the shale. These two marine
outcrops have been correlated together, and it is suggested that they
may represent the Rookhope Ironstone of the Alston Block.” They sre
not found snywhere else in this ares end are evidently restricted te
where the cyclothem 1s thickest. |

The beds beneath the Lower Felltop Limestone are not everywhere
gandy, though in No Neme Beck there is a thick sendstone which is
partly cﬁrbonaceou snd siliceous at the iop of the cyclothem. This

sandstone is not extensive as it cennot be found outside No Neme Beck




and undoubtedly in both R’ewantz_'ee Beck and Hunder Beck & nodular
shale underlies the Lower Felltop Limestone. By the time the Tees
is reached there 1s_on1y 5'._91' sendstone flags to represent the non-

marine part of the cyclethem.

_ JDlscussion,  The changes of thickness are greater them
in eny previous cyclothem. The position of maeximum thickness is in
the centre of the area where it is more then 130' with a reduction
in the west to around 50°'. Tothe east, however, thé reduction

1s much greater and one might suspect that the correlations were
wrong if it were not possible to traee the cyclothem down Deepdale
to Barnard Castle, where only 6" of cosly shele and 'sa'ndstone
seéarate the Upper and Lower Stonesdales, as compared with 50' ef
non-marine beds two miles upstream. On the north side of the
syncline the decrgase_ in thickness 1s also very rapid snd occurs
near Shields Beck, for the reduction is slmost certainly complete
by Wadycsrr 8ike. Thus it appears that a line of maximum thickness
could be dreswn, running 8,8.E. through the centre of the ares, with
a 1ine of minimum thickness on the east and an lntermediate one

in the west, but without eny definlte information for the middle of
the syncline this interpretation 1s_prob§bly too simplified snd

one is not Justified in drawlng isopachytes.
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'(£) Upper ‘Btonésda:fl_.e Cyclothem mnd Coslcleugh

Trensgression Beds.

{i,) _Sen ergl. This is the ‘thickest and most variable of the

' cyclothems., Within it there are Both hlqpizental'. and vertical

changes of fa_cig_s. from Yeredale to Millstone arit. The cyclothem
1s very well exposed throughout Baldersdale and its tributaries, but
its great thickness, combined with the horizontsl attitude of the
frata in the centre eof the syncline, make complete sections |
extreme:!.y rare.' _ | - _ o

- The reasons for using the name Upper Btonesdale for the basal
limestone of the cidothem were stated sbove (p. 78). Above this
limestone, on the Askrigg Block, come the Mirk Fell Beds comprising
genister, ironstone snd shele, in that order., Although therg is a
brief mention of the 1ix_ne-é|_tones in the Malleretangineme.ir (18_91) ’
these beds were first ziamed by Chubb and Hudson (1925), the latter
author giving mrther é_.etaiis in his psper of 1941, They ure
succeeded by the Kettlepot Gan:l.ster. and _Goa.fl wh:l'ch was thought by
Carruthers (1938) to be distinet from the Tenhill Ooal. There
sppears to be some doubt ebout this as the suthors of the Maller-
steng Memolr took them to be the seme seam, At the top of the
series come the Tanhill @Grits. Owing to the variable nature of
the strata above the Mirk Fell Beds, _tl_m'temin_ology of the Askrigg
Block has not been used here for beds above the Mirk Fell Ironstones.

on the Alston Bloek the basal limestone is the Lower Felltop.
This is the original "Fell Top" of Westgarth Forster, nowadays.
ﬁittm as one word. Above this come the Transgression Beds of

Carruthers (1938), distinguished from the beds connected with the

- Regerley Transgression as the Coealcleugh Transgression _Beds by
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Danhem (1948), who desci*ibe_a them as "limqnitq;stained_ flaggy sﬁn@-
stones, with ganister in places, medium to coarse-grained, but
rarely becoming grits". ~ There are overlain by the Goalcleugh
Goal end Shell Bed (eai-m_theps 1938), the latter called the Cosl-
cleugh Marine Beds by Dunhem. A mieacsous flaggy ssndstene ebove
this is known as the Hipple 8ill er Lew Grindstone, but the highest
am'datone.of the cyclothem, immediately below the Upper Felltop
Limestone, 1s umxanied'. » _

In this erea the beds in the middle of the cyclothem have two
distinet lithologles, one of which is s_i-mi}ar to that of the Ooal;-
cleugh Trsnsgression Beds of the Alston BZ_Lo_ék end the other which
compares with the Tanhill Grits to the south. The extent of the
lstter is shown in the map (Pigure 9 ), the gp_it_;,s having been named
Trensgression Beds Gr;li;\_s. 'Ehese- consist of & single band in the
western part of the area, but in the eastern part there may be
three separate hands,‘ the two lower enes being_distinguished as
the pebbly grit and the middle grit. For convenlence the Coalcleugh
Trensgression Beds are referred to as the "mixed facles", end the
Trmaﬁression Beds Grite as the "grit facles".

Once aga:ln'there is a good exposure of much of the lower part
of the seetien in Deepdele Just off the map. The grits seen there
gbove the Upper Stonesdale Limestone cen be followed westwards ﬁntil
they form the steep cliffs of Crag Hill. Beyond the road there is
a great deal of drift, but outcrops of the grit end sandstone occur
neer Battle Hill end on Ladyfold Rigg with a shé\le overlain by sand-
_stone forming the dip slope on the north side of Stenefold Rigg.
West of Ledyfold Rigg solid rock is lost from sight and mepping had
to be dene by features, a difficult task in so variable a series.
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However in Yoke 8ike bath the Felltop Limestones are seen; with muech
of the intervening strata.

At the County Boundary there are good exposures of non;marine
beds but the Upper 8tonesdale is not seen again east of the Westmor—
land scarp. The top of this 1s formed by the grit faeles, mapped
by the old surveyors as Millstone @rit. North eaat of the searp
are long peat—cavered dip slopes, the streams on which reveal loose
grit bauldbre and occasional solid exposures, which become fewer
eastwards as the drift cover increasee._ Aleng the scarp there are
meny exposures of the limestone in the stresms from Little Knipe |
onwards, and the fossil gfit at the base c¢an often be mapped between
them. It can also be used to distinguish the Upper from the Lower
Stonesdale._. The overlying shale occasionslly occurs in the streems
g8 well, but it is not till Birkbeck Gill that eny ironstone is
found. From there to Mickle Gill the Upper Stonesdale forms a good
feature and in Mickle Gill there is a clesr seexibn_almost up to the
grit facles. West end north of Iron Band the feature continues,
but,lin common with the underlying strata,_drift obscures almost all
the solid reck E.N.H. of Low Crag.

Soulgill Beck snd, in particnlar, Rowantree Beck give excellent
sections snd east of them, in apitg of peor expesures, the mapping
is fairly reliable. Another check of the full cyclothem is obtailned
from No Neme Beck sad outcrops of the Lower Felltop Limestone in
Shields Beck, Wedycarr Sike end in the River Tees enable the base of
the series to be followéd accurately. Unfdrtnhately the top is
never seen east of No Neme Beck and its position has to be con jectured.

With the exception of the hill tops above the dale and one or
two downfsulted blecks, the whole of Beldersdsle is composed of
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rocks of thils. cyclothem, In the River Tbes; off the map,; they
form the river bed amnd the river gorge for a distence of over four
miles. Similerly the River Balder, below the reservoir, cuts down
through thick grits and shales. North of the Balder in Wilden Beck,
Holy Beck snd Thackwood Beck there is a great deal of grit exposed
and the small tributary becks of the Lower Balder also contain good
expoﬂurea-of the higher beds of the cyelothem, but between the railway
and the Tees drift covers gll the solid rock, and the river at no
point cuts down far enough to e#posg the Lower Felltop Limestone.
On the 014 Beries lbigch Hap Sheet 102 8:E., a limestone is éhown
extending for two miles slong the north side of the river from Birk
Hat to below Hury. This was not shown on the 6;;nch sheet and 1t
is all covered now by the water of the reservoirs.

The ﬁarth side of fhe reservoirs is almost free from glacial
drift end as the Upper Felltop'Limeatene is exposed in most of the
streams mapping.is easy. South of the Reservoirs however the only
guiae to the top of the cyelothem is_the limestone in How Beck and
so the position of the non-marine rocks in the beck leading into
the Subsidlsry Dsm md et Olove Ledge.is conjecturel. However,
Hnnpsr Beck and its tributaries have cut right down through more
than 100' of strata to expose the Lower Felltop Limestone in gt
least four places, with most of the rocks above, A major E.-W,
feult, the Hunder Beck Feult, snd many minor faults help to repesat
the sections, though at the top of Hunder Beck, west of Dun Moss,
the marker bends are lost, and.mapﬁing is made incressingly difficult
by peat snd drift. '

Excellent exposures exist all the way up the River Balder and

in its tributeries sbove the reservoirs with the Upper Felltop
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Limestone ;narking the top of the cyclothem, The sendstones and
sheles, however, are so varieble that the following of individual

‘bends 1s extremely difficult, especially near the junction with
- Black Beck. Towards the County Boundery no marker bands em be

found snd the non-marine beds csnnot be correlated accurately.

The same is tme of the upper reaches of Soulgill Beck which have
meny exposures, but as all the becks run either along the strike or
down dip, en insufficient thickness of strata is penetrated for a

marine bend to be found.

. (i11) Upper Stonesdale =md Lower Felltop Limestones. As with
@ll the higher marine bands, the litholegy of this limestone 1is
extraordinarily comstant throughout the area, in contrast to the
varied nature of the ones below. Generslly it consists of two thin
limestones 1' - 2' thick separated by shale. Consequently while it
is readily identifiable when seen, good exposures &re very rare
beceuse 11: usually has shasle both above and below 1t, snd so does
ﬁot form a feature. .

An exception to this is along the Westmorlend scarp where for
some distence it is underlain by a sendstone (p. 77 ) the top of
which is distinetly coarse, occasionally =& grit, end contains merine
fossilsa. This is characteristic of the base of the marine series
in many other places. In Deepdale the top of the_underlying sand-
stone contains foseil fraegments end in the north east of the area the
exposures in Shields Beck snd Wadycarr.'Sike show a rock cgntaining |
pebbles of quartz, 'felspar and calcite, cemented by finer-grained
quartz end cslcite, with occasional fossils. This also occurs in

the Tees where there is 1'6" of gritty limestone st the base of the
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Lower Fell'top.‘ The gritty nature of the limestone 1s less obvious
in Hunder Beck and its tributaries, but it ean be reeognised in
Yoke 8ide end the lower bands in Mawmon Sike end Crawlaw Sike gre
c}i.stin-ctly silicecus. They weathér a deep red-;-brown colour, with
gquartz pebbles stand;ln-.g out on the surface. Abové the lower band
are shales sbout 4' ~ 8' thick in the centrsl area and slightly
fossiliferous, but they ere thicker im Westmorlend and in the River
Tees, where they contain fo'ssiliferous‘mud'sto*ne bands.

The sheles are overlain by ‘the distinctive second limestone
band, which is e fine-grained, grey, rather siliceous limestone,
full of fosseil fragments, weathering a light brewn colour, the clear
celcite of the fossll fragments showing up well against the m.'at:rix.
It is exposed in all the outér-ops of Hunder Beck snd its tributaries
and loose pleces can be recognized in meny parts of the area where
the solid rock 1§ not seen. An example of this is in Dowcrag Sike
where quite a lot of loese limestone can be found in both the head-
waters at the same height sbove 0.D. Originelly it was thought that
the Lower Felltop péesed into the argiila*ceous limestone exposed
Just above, but the lithologiecal chearacter of the loose rileces is
sach that tiae.re can be no doubt that this was wrong, amd that the
deer :'E‘elltop horizon is close to the loose blocks. In the next
beck, east of High Cleve Hill, Oarruthers (1938, p.24Z) found a lime-
gtone "rotted to sm ochre feamp, but cores of crinoldal snd shelly
1imestone remain®. This is barely exposed now, but it is undoubt-
edly the Lower Felltop, though Carruthers considered 1t to be the
Upper Felltep, for it hes below 1t the foasil grit assoclated with
the former bed.

The upper band of limestone is seen in Deepdale and in many of
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the becks along the Westmorland searp, In Rowentree end Seulgill

Becks this alone is exposed and nothing can be found of the gritty
lime.'stone, though 1t is possible that the 1atter_§xista, 88 exposure
of the underlylng beds is very poor. Oertainly, the gritty lime-;-
stone is picked up again in the beck north of Eest Whem end in Neo
Neme Beck, in both of which the overlying beds are not exposed. In
the latter beck the gritty Limeétone is probably finer-grained then
snywhere else and is seen under the microscope to be only slightly
calcareous since it is mainly composed of mud with about 25§ of
subsngular quartz gralns about 0.2 mm. across. In the River Tees
the upper bend of limestome 1s again found, though 1t is cut out at
Eggleston Bridge by the transgression beneath the bassl grit, and it
'is necessary to go nearly a mile downtream end beyond the margin of
the map to see it, _ , _

Undoubtedly the limestone in Beldersdale under the water of the
reservoirs is the Lower Felltop. A thorough sesrch was made of the
reserveir banks when the water was low but nothing could be found in
place. However-qui_.te a lot of Toose limestone was found at some
plﬁoe-é which had obviously not travelled very far and which was
lithologieally similar to the Lower Felltop. _

Um_zalil_.y thege two bands cempl_ete the marine series, but at
two points, in Yoke 8lke and Grawlaw 8ike, a fossiliferous shale.
6verlieg the limestone, centgining a few gastropods and lamelli-
branchs. In Mickle @ill there 18 a th;rd hard band composed of &
fossiliferous mudstone ’ with brachiopods and smal} phospha_tic nodules,
It msekes the whole marine series nearly 20' thick, an exeeptional

thickness.
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e overlying uneonromity removes them, there are always shales _a@bove

the Upper Stonesdale L:lmgstene. These usuelly ‘contain nodules,
particularly near -the base. In Mickle Gilk the shales becéme rather.
srenaceous sbout 60' sbove the bottom of the Upper Stenesdale Ia:lme-
stone, developing into ],4_' et'sandato_ne flags and sandy shale., These
are presumably the equivalents of the Mirk Fell Ganistér which has (
otherwise not been recognized in this area., Shale comes in sbove \
this sandstene, containing three lenticular bemds of ironstone, which

sre composed meinly of sider;te end calcite with a very few sngular 7
quartxz grains snd contain Spirifers well preserved in calclte. They / /
are very similar to the Mirk Fell Ironstones described by Hudson /
(1941) end if his section is compared with the one for Mickle 641X

they will be seen to be almost identical for thickness and 1ithology /
except for the dissppearance of the Mirk Fell @enister. This wes ﬂ
gaid by Cmbb end Hudson (1926) to thin southwards end it evidently
dies out northwards ss well, _ |

An ironstone is also seen in Birkbeck @i1ll, between the faulis,
but no other definite exposuresof the Mirk PFell Ironstones havebeen
found. There are however some possible ones. One 1s 1n Dowcrag
8ike sbout 50' below the base of the grit facies. It 1s no longer
sm ironstone, but instesad is en argillaceous limestone the lower band
of which contains meny oomplete. brachiopods, mainiy_Spir:lfer's.
Another expeéure is at Qombs in the River Balder (899181). It is
a fossiliferous, ferruginous mudstone, slightly cal careous, snd
containing many brachiopods pre:eerved in qaleite and some phosphatic
nodules. It overlies 6’ of non-marine shsle whose base 1s not

exposed. Finelly there are some fossiliferous shales and mudstones
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in Soulgill and Rowantx_'ee Becks, particularly well exposed in the
latter. . |

Avove the ironstone in Mickle Gill is more nodular shsle,

cepped by some very badly weathered meal.y' sandstene, perhaps 20'
below the base of the ‘grit facies. The beds underlying the grit
facies are usually hidden under debris, but in the headwaters of
Soulgill Beck, one mile east of Dow Orag, there are same poorly
exposed sheles resting on a ganister which at seme points has a geod
coel above 1t. The cosl is sbout 40' below the base of the grit
facles and presumably overlies the Mirk Fell Ironstones. It is
tempting to corrélate it with the Kettlepot Genister and Coal of
Stonesdale, the Mirk Fell Sheles having thinned from sbout 100' to
20' in the intervening 8 miles. '

(iv) Coslcleugh Trensgression Beds. The beds which follow

have two separate .11thologiea1 facles, the approximate distribution
of which is shown on the msp (Figare 9). One of these facles
écmra in the centre of the ares where there is an extraeordinarily
varisble series of evéry_ sort of non-marine rock shales, siltstones
snd sendstones, usually rather micaeeeus' and carbonaceous, with some
eoaia. ganister end siliceous sendstones end thin grits. This is
the 'mixed facies' of this thesis, which is correlated with the
Coalcleugh Transgressiop Beds of the Alston Block, Not only is it
impossible to Jjoin up isolated outcrops with eny certainty, but it
is very ai:_fr:leult to generalize about .any.six;gle outorop sinece the
1ithology changes 80 ra_pidly every few incheq, both vertically apd
 horizomtally. Nevertheieas where the series is dominently aren-

geeous 1t has been mapped as a sandstone md where i1t 1s mainly shale
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it hes been left blank,

These beds were described by Cerruthers (1928) snd Dunh (1948)
who have both shown that on the Alston Block they consist of a very
varigble sendstone series. These are undoubtedly the same beds emd
they were recognized as such by Carruthers in Rowantree end Soulgill
Becks. The two eutcrops though only % mile apart sre different.

In Soulgill & compact sandstone overlies en 8" cosl which, according
te Garruthers, probsbly thickens end splits into two seams not far
ewey. In Rowentree Beck no coal occars, though the varisble
carbonaceous rocks sbove a ganister may represent it,

On either aiﬁg'of these becks the strata are drift;eovered, but
there ere occasiomal outcrops to the east which have been correlated

with the mixed facles. At the quarry south of Three Chimneys
(918203) there is 1' of very badly weathered conglomerate, extremely
_ ferruginous, 6ver1a1n by &' of coarse siliceous'sandstone{_ It has
" unidentifiable ﬁehblea, including clay peilets 2 cms. across,
Beyond Lane Head no.exposure occurs and it is likely that there is
no longer any arenaceous rock, since in No Neme Beck nothing can be
seeﬁlhetween the Lower Felltop Limestone and an ironstone which
shaui&”overlie the mixed facles. -8ince exposure in this atresm is
otherwise excellent this must meen that there is continﬁoua shale
batwaeh the Lower Felltop and the ironstone.

Purther east a thin grit or sandstone can be traced along to
Shields Beck, at the top of which it forms a flat feature on which
there is much grit in place snd a number of loose blocks, particularly
on Toddyshaw Hill. The south side of the Boteny Ridge shows a
gimilar increase in the emount of grit eastwards, though it is not

so easy to traeé as the lower beds are obscured by the reservoirs,
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It is probeble that the coarse sendstone snd gr_ité seen at New
Houses end south of the reservoir (948185) are above the mixed
facies, the latter belng represented by varisble carbonaceous rocks
exposed on the reservolir bank at New Houses and in Héw @ill, below
the grits. _ _

In the stresm below 010ve_Lodge_the:e are éo' of non;marine
rock, the top of which is not far below the Upper Felltop Limestone.
anﬂrtﬁhately a fault at the top of the.seetiQn throws up the
sequence so that the limestone 18 not exposed. The mixed facles 1is
probaebly 30' thick, but in common with other exposures round the
reservoir the absence of the marine Cealcleugh Marine Beds prevents
one from being quite certain about_1ts ident1f1cat1on. It may be
lower dbwn, beneath the nodular shale at the water's edge.

South west of Close Lodge in Hunder Beck are the best exposures
of the mixed facies in the Stalnmore Ares. Upstresm from Blackton
it appears in the stream bed, dipping gently north, under great
banks of loose shale., On the east side of the stresm lendslips
~ complicate the sectlion, but on the west slde thls mass of varieble
siltstones and sandstones rise up the bank, sometimes reaching a
thi cknese of 50', but suddenly lensing out as shown in the photo-
graph (Plate IV;A), g0 that nothing but shale remains. . There can
be no doubt that this is not due to feulting as the overlying iron-
stone-can be follewed right along from the continuous shale into
the shale above the mixed facles. The mixed facles here 1s the
usual cérbonaceous giltstone and ssndstone type with some ganister.
No cosl ean be seen, but an old level shows that 1t was once
obtained, spparently from & sesm occurring within the sandstone.

The beds themselves sre strongly false bedded, depositionsl dips
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being as high as 25° but the foreset beds are in no lingle direetion,
occurring at random and changing very rapidly both vertically and
laterally. ‘ ‘

For {-mile upstream, into Mawmsan Sike, nothing but shale is seen
below the ironstone, and then just befere reaching the waterfall,
lenticular bands of silistone appear in the shale and above them, in
a matter of 20 yards or so, a sandstone end genister come in, 10'
thick, with e 3% cosl beneath them. These form the waterfsll emnd
& steep oliff south of 1t. The lentlcular nature of the sandstone
end 1its passage into ‘eontimmus.shale can be seen in Plate IV;-B.l
'I‘he_no.dgiar Goalcleugil Marine Beds also appear in the centre of the
photograph, thrown up to the right by & small fsult.

The gsnister occurs agein in Orewlaw Sike below Crawlsw Stone
(934166) , but north of the N,E: faults it passes into 6' - 8' of
herd flaggy sendstone interbedded with shale. In Cosl G111 and
Runder Beck (909163) the genister is also expoesed, but' between these
outerops and crawléw Pike a thick sandstone 1is developed.beneath it.
This is well seen in Hunder Beck (914164) and cen be followed along
Crewlaw Rigg into Yoke Blke, where it 1is sbout 25' thick.

Wést of Crewlaw Rigg the features &re ra-_ther poor and the
equivelents of the mixed facies cennot be ildentified for certain at
tﬁe t-éﬁ of Hunder Beck. East of Yoke S:I:ke__feature_s can be traced
slong to Ladyfold Rigg, the crags of which sre formed by sandstone
of the mixed facles, but the mepping of this part of the srea is: .
largely con Jectural owlng to the 1aék of outerops of all the marine
bands between the crov and the Botany 11mestones. '

The bottom of the River Balder from the reservoirs to Hlack Beck

15 meade up qlmo-st entirely of mixed facles, with occasional exposures




Co , 91,
of the underlying shales Aae well. The former can be traced round
from Hunder Bedk, _appeéring as thin siliceous sandstones near Stert
House, at the base of @111 Bike, with outerops of shale beneath thém
~ in the banks of the Balder. The sandatenes probably .fom the top
of the right bank for a mile upstream, _f.lhough_ there is no outerop
untll a point near Balder Head is reached (9}?&85) vhere flaggy sand-
stones oome 1a above the shale, For the next 1% miles mixed facies
eécurs’ on both .s_'-ides of the river, ususlly as a very variable |
cerbenaceous sequence, but there 18 one distinet band of siliceous
ssndstone which can be traced for several hundred yards. In West
Cerni Gill this is 14' thick and it underlies a 6" oe;al which was
once worked. o

There are two coal horizens in the Rlver Bélazr.- The lower one,
glready mentioned, in §ou1g111 end Lower Hunder Becks, occurs within
the mixed facies snd has a good roof of slllceous sendstone or
. genister. Gansequ_ently' it hag been worked at meny places, 1n~di§ated
by the presence of old levels. This is the sesm marked on the
1;-1noh geologlical map. It e_xtends from east of West Carni Gill,
where the positien of the seem is very uncertain, to Combs, on both
gides of the -rivef, and it is seen to be at least 1' thick at Combs.
Opposite Oombs, the higher coal sesm first appears. It overlies
the sendstone end siltstones with shale abeve it, end is sbout 6"
thick,

.The mixed facles 1's then hidden under higher rocks, but reapbears
agein in Black Beck s sandstones with a 9% .coel in the shale above.
This coel seem was also noted by the old surveyors, who traced it
dc;wn into the Belder as a conjectured bend. There 1s no evidence at

%

all for its occurrence below the fsults shown on the present map and
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it probably_diea out before the_ faults are reached, as no coal ecsn
be found even in the small sike (885175) where the section of strata
is complete.

(v) Trensgression Beds Grits. To the east and west the mixed
facles of the Coslcleugh Transgression Beds passes j.rito thick gr:lté

end sandstones, termed ﬁhe 'grit faclies' or Transgression Beds Grits.

1t is unf'ortunate that the passage to the west takes place
across that part of the cbuntry which _is masked by peat snd drift,
but nevertheless the evidence of the msrine bands, particularly the
Lower Felltop Limestone, shows that the base of the grit facles is
aPproximately at the same hbrizon as 't-he base of the mixed facies,
Even thé old surveyors, without the use of the marine bends, traced
tﬁe gﬁta of Stainmore Common into the mixed facies of Roﬁantree
emd Soulgill Becks, slthough they were misled farther south into
correlating them elther with the sendstone immediately below the
Upper Felltop Limestone or that below the Fossil Samdstone.

From Soulgill the mixed facles passes into grits snd send-
stones south of Broad Stone Rigg. Good feafures and outcrops of
s0lid and loose rock are continuous from there to Stainmore Commen.
This is formed by the dip slope of the grit facies, whose thickness
cannot be sccurately measured, but it probably cemprise-s at leas£
20' of grit, underlain by flaggy sandstones which were once extensively
worked in the old "slate" quarries in the middle of the common.

The various crags nemed on the map ﬁre all scarp features of the
grit which cen be traced round Millstone Bsnd into the head of 'Black.
Beck (B856172) where over 40' of grits and coarse sandstones are
exposed. They aere then cut off by a fsult, but reappear again
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further down Black Beck, forming the cliffs of tl;e valley for }-mile
befeore either dipping under the river bed or lensing out. The
evidence is not too clear at the point where their outcrop finishes,
but they probably do both, _

Herton Creg is a strong feature ecovered by loose blocks of .
coarse sendstene, none of which are seen in place. . The grain size
is asbout 0.1 mm., considersbly finer then the grits to the north snd
s&uth. It is eit-her the equivelent of the sandstone below the
Upper Feiltop Limestone or of the grit faclies which have -become finer
then usueal. If the former, then a fsult must be introduced west of
Hér.térr -Orag, between the crag and Birkbeck Gill, to cut out the
baagl 'gi;it, wh:llé in support of the lattarl integpretaticn is the
ecmi'i;ence of sandstones as well as grits on Stéinmore Cenmon. It
is considered that the Harton Crag sandstone ls probebly the Trans-
gz-éssiéﬁ Beds Grit, or a sandstone a little below this horizon, and
it waé mapped as such by the old surveyors. ;

| The grit facles oecurs in the downfesulted bloeck south of
Birkbeck Gill, mede up mainly of grit with flaggy sendstones as well.’
South of Whem there is a continuous outcrop along the top of the
escarpment, with sn outlier on High Edge.' This continues as far as
Black Tewthwalte,beyond which point the outcrep turms north until it
dips down under peat near Fox Yird. It is g quertzose, feldspathic
grit of varied grain size rsnging from 0.1 mm - 1.0 mm., usually
massive, but occasionally flaggy with very gentle false bedding.
Sendstone is not uncommon, normally underlying the grit. North
east of Redgill Moss the beds dip down into the headwaters of the
Belder where higher strate come in, and eastwards they pass laterally
into the mix;d facies, though this csnnot be proved directly.
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The eastern part of the area is mainly composed of the Trans-

gression Beds @rits, much thicker than those in the west, sometimes
forming as many as three separate bands. Beyond Ledyfold COrags,
composed -of mixed facies sandstones, the first outcrop of grit is
in the old qusrries south of Battle Hill, but the grit is very thin
end this possibly is J_ﬁst part of the mixed facles. East of the
road, however, the grit facles suddenly comes in to form the
spectacul ar feature of Crag Hill. The old surveyors were compelled
to draew in a N,W., fault west of Qrag Hill, but there is ne evidence
for it. - The explanation here advocated is simply that a lateral
expansion of the grits takes place. From Orag H:lil eastwards the
grits remaln very thick, over 60' being exposed in one continuous
quarry face just west of the railwesy. In this quarry face there
are' several bands of agndst-one snd at least two bands of distinctly
coarse grit contesining guartz pebbles more then 5 mm. across.

This pebbly grit is a feature of the lowest beds of the grit
faéies at many places. In the Tees below the viaduct at Barnard
Oastle it slso eccurs, obviously transgressive on the underlying
nodulsr shale, but less than $-mile away there are nothing but thin
sendstones in 't';he shales at that horizon. The basal grit, reached
in the River Balder, 18 also pebbly, though its relation to the
underlying strata cannot be ascertained. Following up the Pees
from its junction with the Belder lower snd lower beds are seen
until the pebbly grit is again reached and there is definite evidence
thet it 1s tremegressive on the beds below. Proof of this occurs
Jlust outside the area mapped, in the left bank of the river. At
the point where the Lower Felltop Limestone first ﬁppears it contains
both the ususl limestone bends snd has 8' of shele above 1t, below
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Z0' of pebbly grit. Thus the base of the grit is 26' sbove the
base of the Lower Felltop Limestone. Helf-e-mile upstream, the
grit is about 15' above the: Limestone and 300 yards sbove that it
+18 resting on the bassal gritty limestone itself, At Bggleston
Bridge, a mile from the first-mentioned outerep, the disconformity
has 1ifted a 1ittle to expose 5' between the bases of the pebbly
grit énd Lower Felltop Limestone. Thus it is an irregulasr dis-
conformity and mgy,be no more eighiﬂc_aht then the ususal trens-
gresslion sat thq base qf a sandstene or grit.

' This pebbly grit is not found on the high ground north of the
Lower Bslder, which 1s meinly formed from the thick middle grit.
There seem to be three arenaceous bends in this pert of the ares,
the lower one a pebbly grit, the middle one e very thick grit, and
the higher one a sandstone. Up the Tees from the junetien of the
River Balder these three can be. diétinguished, though the two top
on"eé 'ﬁ.l;rge near Eggleston Bridge. Down the Tees the same thre,e
bends oceur, until near Barnard Castle they 211 thicken and probsbly
the lower two also Joln together. '

Bxposures in the River Balder gbove the rallway are good.
Above the pebbly grit is = thin. carbonaceous shele overlain by a
2' - &' coal once §Mens'ively worked. It has & cleosed outecrop
_béléw;waamond Beck, but upstreem is thrown up &gain by a feult,
end extends for a mile in all. It then dies down to a coaly shsale,
end @ shale 40' thick or more comes in beneath it. In view of the
regular nature of the base of the overlying middle grit, this shale
mist be the lateral equivelent of the pebbly grit whose western
_boundery 1is traced on the map. |

The River Balder runs down through s teep cliffs which give
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slmost continuous exposures of the thick messive middle grit, This
| contains much sandstone, particularly in the upper half, and 1.1k‘e
&ll the Transgression Beds Grits has very vari aﬁlo mirent bedding,
It also occurs in How Beck and Osmond Beck. In the latter g 1!
coal overlies it, but this 1s net seen anywhere elge, end certainly
does not occur 1# the beck jJust above Yew Bcar,

Buriang the building of the Hury Reserveir a geoclogical section
weas drawn up for the' embenkment, It is not possible to eorrelate
it preeiély, ‘but 1t shows very well the extremely varieble nature
of the strata. | The old surveyers continued a N.N.E. fault, whieh
undoubtedly exists to the south, nerth of the River Balder for
1%-miles. It cen be shown that it does mot continue morth of the
reservoirs as i1t would cut fhrough the Upper Eelltop Limestone, and
it probebly does not run ecross the reserveir. It is shown on the
.map as a conjectured feult only and was undoubtedly ﬁut in te
explain the disappearence of the grit fscles to the west.

Theugh there is a thin band of grit ebove Lunedale west of
ghields Beck, 1t is not until Wady Carr (977224) is reached that the
grit facles sppears. This is exposed in Thackwood Beck end Holy
Beck end on the top of the hill north of Grace's Gottage. ALl
these grit euterops probably run inte eagh other, producing a
consldersble thickness, snd they must be the equivelemt of the
middle grit of the Balder and ;J!ees.. Confirmmetion of this is
obtained from the occurrence of a c_oal seem at Wady Carr in the
s.‘l;ale beneath the grit. This may extend as far as Shields Beck,
where there are aslse old coal drifts under the Grit of Toddysheaw
Hi1l. In additien, & bore hole on Buek Hill (995204) penetrated
1' of “"foul ecoel" at 610' 0.D, and e cosl also appears in the Tees
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below the middle grit. Thus there is sm extensive horizon of cosl

development below this middle grit, though it must met be suppesed
. that the coal is continuous. Farthermore 1t is evident that the
pebbly grit seen in the Tees does not extend as far west as Wedy

Carr,

(vi) GCoslcleugh Marine Beds. On the Alston Block abeve the
Coalcleugh Coal thin shales with marine fosseils, the Goalcleugh

Merine Beds, are developed. These also occur sbove the mixed facles
of the Coelcleugh Transgression Beds in this area, though their out-
‘erop 1s sporediec.

The marine band 1s best seen in Hunder Beck end its tributaries.
In Mawmsn Sike, a few feei above *‘she top of the genister, there is
en irenstone showing very good cone-in-cone structure =nd contsining
some fosslils. It 1is composed of quartz fragments, cemented by
ankerite, often rather muddy. This band is lenticular, varying
from O0' -~ 2' thick, and i1t cen be traced for some distance down the
left benk of the stream intc; Hunder Beck until it deﬂni.tely oever-
lies the variasble carbomaceous rocks of the mixed facies. Below
the ironstone there 1s also a dark caleareoué sandstone with a few
fessil fragments. A similar rock is found in Upper Hunder Beck
(912164), here a pale grey fossiliferous celcareous sendstone.

Usually, however, a hard ganister with no marine fossile under-
lies the ironstene. The latter is more fossiliferous in Crawlaw
Sike, though it is rather muddy. In Cosl Gill (914160) a calcar-
eous mudstone is in the position of the ironstone, in two bends 6"
thick, the upper rather nodular. Fossils snd phosphatic pebbles

occur in this upper bend esnd a Spirifer was found in the overlying
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nodular shale, There 18 no sign of the Coslecleugh Marine Beds in

Yoke 8ike, though they may be faulted out, but it can be followed
round through Glll Sike into the River Balder.

By 6111 8ike the cone-in-cone structure cem hardly be distin-
guished though the fossils and phosphatic pebbles remain. In the
River Balder the band 1g a lenticular muddy limestone, rather fossil-
iferous, which may occesienally dissasppesar. It ean be traceé as far
as the cosl level epposite West Carni Gill, beyond which point it dies
out sltogether.

K thin ironstone also occurs in No Name Beck (93%210) which,
by comparison of the overlying rockg, is undoubtedly at the aseme
horizon. It conteins much fossil debris, besides cone-in-cone
structure, end is composed mainly of enkterite and calcite with littlé
clastlc matter. A similar rock is seen in Soulgill, sbove the mixed
facies, though its precise position is not certain, It hes cone-
in- cone structure, phosphatic nodules smd many complete Splrifers.

In Rowantree Beck there 1s some hard fossiliferous shale just abeve
the mixed facies, but the exposure is very poor.

The Coalcleugh Marine Beds form a very good mapping horizen
over a limited area, though they disappear even within that area.
Without them it would not have been easy to prove the varlability
of the Coalcleugh Transgression Beds. A second outcrop of iron-
stone in G111 Sike (921180) wes at first theught to be the ssme bed.
It occurs in large lenticles 2' -~ 2' long in the shale overlying the
Coalcleugh Marine Beds. However the cone-in-cone structure is much
less regular; fhe.re ere no marine fossils smd the composition is

more micsceous snd carbonaceous, so it is probsbly non-marine.

e —maa ae e A o e =
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(vii) ghale snd Sendstene. Above the Cosmlcleugh Marine Beds

there usually are shales, well exposed in Hunder Beck, where their
nodular mature is apparent. In Coal Gill and Upper Bunder Beck a
coal sesm occurs 20' sbove the Marine Beds. It is 1' thick in
Hunder Beck, end 3" 1s now seen in Coal G111, but it mmet thicken
very rapldly as it was ence extracted from the opposite side of the
glll. Above this cosl theré are shales which gradually become more
arenacecus, but there may be lenticular sendstone or siltatene bends
in these shales, reminiscent of the mixed facles. These are partio-
ularly well seen in @ill 8ike where a gsmister comes in betwsen the
nodulsr shale and the sandy shale, snd also in Rowantree Beck where
there are several bsnds of hard siltstone smong the shales.

In the area of the mixed facles the sendy shales pass up into
ﬂaéﬁnéandatones, which become compaet. These are the normal
white messive Yoredale ssndstones snd they are particularly well
exposed between the River Balder and Hunder Beck where they were
onece ext.ensively' quarried for freestone. Bouth of Hunder Beck the
only outcreps are in Yoke Slke end on the features on elther side,
hﬁt here the compact sandstone rests direectly upon nodular shale,

In tﬁem%ributaries of the River Balder sbove the reserveirs the sand-
stone is inveriably exposed, but it thins east of West Ceini @111 to
only &' of flaggy sandstene in Foul 8ike 6ill, 1In this streem there
1s emother compact sandstone some 20' lower. This may be the equi-
' yvalent of the massive seandstone elsewhere, but is more likely to be
& thick development of the sandstone-é end siltstones mentioned sbove
that occur in the shale.

Beneath &ll the exposures of the Upper Felltop Limestene in the
Upper Belder the sandstone is found to have thickened. Outside the
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beck 1t is not easy te mep, and the old surveyors.traced it inte fho
grit facles. This 18 not correct, as it always méintaj.ns its normal
sendstone litholegy when found beneath the Upper Felltop, end on the
hill sides there lg a similar sendstene overlying the grit facles.
South of the Belder the only exposure of this sandstene is in Red
@111 where it lies upen 20' of shale, but on the morth sids 1t cem
be followed more easily, mainly by the features and leoose blocks of
sandstone. It is exposed in the gill (861175) together ;1th the
undérlying sandy shale. |

As the outcrop turns round to the east it is lost under drift,
but the upper reaches of Soulgill Beck (B¥2198) reveal strata whose |
exact position is net certain. The streem runs eldng the. strike to
expose the follewing sectien:- |

Ft. Ins.

Carbonaceous siliceous sandstone c.cececsscecces : 9
Ghele cececccsocossessssrscccsccsacsccsssscscssecss 2= B8 -
COBL cecescscasssccssccnsscsoscscsscscsonsonscccsns 2
BRELE ceccscrnncnnnnssssssonsnscessscscnsscscsces O=10 -
Carbonaceous slliceous gandstonNe cececccscccccccs &= 4 -
FRELO cecseccsccsscssssssccssscnssrsccsccccienee 20 -
BeNABLONE ceecevvescsssscsccsssssccsccccsccssccnoe 1 -

At first sight it might be.suppesed that these beds belonged to
the mixed facles of the Coelcleugh Trensgression Beds, end this is a
possibility;- They resemble fhem in meny ways, and 150 yards upstresm,
more or less along the strike, are 20' or more of typical grit facles
end the poseibility must be considered that this is the actual
transition between the two facies. For proof the Codaleleugh Marine
Beds would have to be found and they were not, in spite of a therough
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search for loose pleces. The grit fecles can be traced on to the

feature formed by Bheep Lair Hill end lithologically the beds in
Soulgill sre not as varisble in detail as the mixed facles, be&ing
a greater resemblance to the overlying shales snd siltstones of
Rowantree Beck which were mentioned above, The Mérihe Beds are
therefore believed to under;ie the stresm exposures.

In .Rewantree Beck the transitien upwsards from shale, through
sendy shele snd sandstone flags, to compact sandstone is shown well,
end the sandstone band can be followed eastwards, with oceasional
exposures in the bedks. It forms the waterfall at the head of No
Neme Beck, where it overlies 50' of shale with thin sandstone ribs.
North of the Botany Ridge 1t is not well exposed, but it ean be
followed with the aild of features and loose sandstone blocks as far
as the quarry, still worked, south of Shields Beck (964221). It
contalns %4' of almost continuous ssandstome, overlain by a 9% eoal.
This thiéken:lng increases even more to the east in Bail Hill Quarries,
where the sandétone is probebly sbout 50' thick snd has become coarse
and gritty in places.

Bouth-eastwards exposures are very peor, though it must be this
sendstone that underlies the drift nerth end south of Hunderthwaite,
for the middle grit apﬁeara in an inlier in Wilden Beck, Above 1t
aré shales and sandy shales overlain by the top sendstone which has
thinned to its usual 6' - 10'. In the Tees it has thickened and
coarsened agaein, but as the bend is traéed round on to the south
glde of the Boteany Ridge, the thim, fine-grained facies is meintained
for some way. The normal transition from shsle to sandstone is
geen above the middle grit in the beck below G111 House (973202),
but 1in the beck sbove Yew Scar the sendstone sppears to have split
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1ate two. In Hew Gill .snd near New Houses a coarse facles comes in,

particulaerly well developed in the latter beck where at least 23' of
grit and coarse sandstome are found. There might have been some
doubt whether the Ball Hill Quarries were 1_-'eally in the tep grit
bend, as the Upper Pglltep Limestone is mot found in that part of
the area, but the stresm exposures on the south s:ldé of the Botany
Ridée éxnply_ confirm this, revealing the Upper Felltop Limestone close
ebove the grit in How Gill, , |
South ef the Bslder, the .ghale above the middle grit is overlain

by a sandstene which becomes coarser to the east s developing grit .
| bands in Osmond Beck. This facies is also seen below Washfold |
Bridge (999170) but westwards this passes into & sandstome, usually
flaggy, rarely exposed above the great benks of shale in the beck
south of Ravock Rigg. Between there snd Crawlaw Blke there is very
1ittle expesure, but the shile in Duck Sike is almost certainly the
one below this sandstone. |

‘ This sandstone does not complete the cyclothem for the Upper
Felltep Limestene never rests directly upon it; The sandstone may
have a gsaister top as in How Beek and How €ill, in both of which
there 1s slso a thin 3091- and the 9" coal above Shields Beck may be
at the same level. .Sometimes the coal or ganister occurs in the
overlying shale, a&s in Yok'_e Sike, Eamst Carni Gill and Rowsntree Beck,
where there are two carbonaceous horilzons. Normally there are about
10! of shale between the compact sandstone top and the Upper Felltep,
but this may include sendstone flags as well.

(viii) Discussion. The lithological resemblance of the Mirk
Fell Ironstones to the Coslcleugh Marine Beds in this area is very



1o0%,
noticeable and during the early part of the mepping they were thought

to be the same band. The ironstones of Mickle Gill were so similar
to those of Mirk Fell 8 miles away that 1t seemed certain that they
would be tracesble over this area. If the ireonstone of the Cosl-
eleugh Marine Beds were the same, then the mixed facies of the Qosl-
cleugh Transgression Beds could be correlated with the Mirk Fell
Genister which it has been suggested (Rowell, 1952) passes south into
the-.é“i;;;sington Grits.

However, there 1s little likelihood of this belng so. It would
mean. that the grit facles chenges laterally into the sandstone under
the Upper Felltop Limestone and there is no evidence for this. In
addition, the section in Rowantree Beck would be difficult to explain
for two sepsarate marine bsnds are found there, one above and the .
other below the mixed facles. If the upper band is the equivalent
of thé Mirk Fell Ironstones, with what cen the lower one be correlated?
1t 1is qﬁite geparate from the Lower Felltop Limestone snd nothing
marine hes ever been reported from either the Alston or Askrigg
Blocks at that horizon, The only other place at which a marine bsnd
has been found below ﬁhe mixed facies in this area is at Combs, in
the River Balder. The explanatien must be that this lower marine
band 16 en extension of the Mirk Fell Ironstones.

Undoubtedly the lithology has chenged more in the mile or two
from Mickle Gill then in the 8 miles from Mirk Pell, Thqre is much
more terrigimous matter suggesting that the borders of the sea are
near. This is confirmed by the absence of the Mirk Fell Ironstones
in the rest of the aree. ‘

It is interesting to notice that the two cyclothems below the
Mirk Fell Ironstones on the west of this asrea and on Mirk Fell ere
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glmost entirely made up of shale, the only arensceous bed being the -
r-elat-:lve:_ly thin Mirk Fell Genister. _ In contrast, the remainder of
the area end the Alston Block contain thick sendstomes in both these
cyclothems, This may govern the extent of the Mirk Fell Ironstones
through differential compaction, the shale area having sunk further
then the sandstone area so that the sea omly invadéd the former.

If this 18 so the compactien @ifferegce only became noticeable after
the,' incaursion of the Upper 8Stonesdale Limestone, as this was dépes:lted
evenly throughout the entire area.

The isopachytes drawn on the map to show the thickness of beds
from the base of the Upper Stonesdale to the base of the Coalcleugh
Trensgression Beds or Transgression Beds Grits are very generalilzed,
partlﬁr beeause the upper limit is seldom clearly defined and partly
be‘c'au'se" of the lack of exposures. Undoubtedly if there were more
information they would be more iraried.. . There is, however, & real
end considersble increase in thickness towards the west. This 1is
partlj due to the subslidence which enebled the Mirk Fell Ironatoyes
to be deposited, but is also a measure of the disconformity at the
base of the tremsgression, though how much it is difﬁ@lt to say.

The precise position of this disconformity is conjectural,
T’ransgreséiens are sesen beneath the pebbly grit in the Tees, and
beneath the mixed facies in the centre of the area. On the Alston
Block this ha-s-been shown by Osrruthers (1928) to cut out the Lower
Felltop Limestone, and he considered that it was related te en
unconformity immediately below the Tanhill Grits to the south.

Chubb and Hudson (1926),on the other hand, consider ﬁhe unconformity
to be lower down, below the Tenhill (Kettlepot) Cosl and Ganister.

In this area, apart from the visible trensgressions, the coel

e
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seams offer the only clue. There is throughout the area one ma;]o"'r.
horizon et which coal may be develbped, within the m:_lx.ed facles, =na
el so beiow the middle grit of the vérit facles. | As slready mentioned,
i% 1s found in the River Balder, at Wady Osrr and ghielde Beck, in
the River Tees, at the head of Soulgill Beck, end it also occm'r
east of the mepped area, being still worked near Winston, 5 miles
east of Barnard Castle. Though one would never suggest that this
is one sesmm, -for' it 1s certainly discontinuous within the present
erea, the horizon may represent a period particularly favoursable

to ecoal formation, corresponding to the Tanhill Coal to the south,
If this is correct, then Hudson's view that the unconformity,
admittedly very small, underlies the Kettlepot Ganister is the more
likely, as there is no evidence of the coal having been eroded snd
it is seen to overlie a transgressive group.

The isopachytes (Fig. 9 ) showing the thickness of strata ebéwe
the trensgression do spproximate &s regards direetion with the
boundaries of chsnge from mixed to grit facies. The thickest rocks
gre the arenaceous ones which havehot compacted to the seme extent
gs the shales. Yet the axis of least thickness 1s east of the
centre of the mixed facies area, shown by the outerop ef the Cosl-
cleugh Merine Beds. It 1s suggested these represent a marine
incursion over sn erea limited by the amount of compaction that the
rocks beneath underwent, snd thus restricted to the ground underlain
by the thin snd relatively shaiy mixed facies. The explenation of
this shift of the axis is that subsi‘dencé mist have been greater in
the west during those times to produce sn increase of shale in that
direction, as happened when the Mirk Fell Beds were deposited.

Thus the detailed sequence of events ebove the dlsconformity may
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be as follows. In the centre of the area and to the north there

were deposited the lower half of the mixed facies and at the same
time sendstone or a genister were laid down to the east snd west,
with a pebbly grit ecoming in near the eastern boundery. In this
connection it is interesting thet the aathors of the Mellerstsmg
Memo:lr. (p.158) considered that a pebbly grit tmderlying the Tanhlll
Goal paaaéd northwards into flagstones. Above these basal beds
there is the horimen of cosl formation. Then while the mixed
fac:l'e's continues in the centre, the thick mlddle grits are depesited
on the flenks at the ssme time. as the Tsnhill Grits in the south,
These ere followed by a minor period of coal formatien, after which
the mixed facies 1s compacted to a greater extent than the grit
facles to enable & marine incursion to invade the centre of the
srea end deposit the Ooalcleugh Merine Beds. Finally = shale to
san'c'is'to'ne sequence was laid down ovef the whole area, the sandstone

beeoming coarser and thicker tewards the east.

ix) _Summary.

1) The Upper Stonesdale Limestone of the Askrigg Bléck i1s considered
to be the equivalent of the Lower Felltop of the Alston Block,
This correlation 1s based mainly on the identification of twe
limestone bands on both sides of the syncline, the lower
one arenaceous, separated by shale.

2) The Mirk Fell Genister is represented by sendstone ribs in

shale, seen only in Mickle Gill in Westmorland.
The Mirk Fell Ironstones are well developed in the west, baut dle

out eastwerds so that they were not deposited over the eastern

part of the asrea snd have no equivelent on the Alston Block,
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4) The strata:sbove & d‘i-sconfemity_er transgression show twe

different lithological facies; in the centre is the "mixed
facles" of the CQaléleugh Trensgression Beds, correlated with
the beds of that name on the Alston Block, while in the
eastern end western parts of the area there is a "grit facles",
called the Trensgression Beds Grits, compsrable to the
‘Penhill Grits of N.W. Swaledale., In the eastern part of

the area three grit bands have been distinguished, the tm
lower ones being referred to ss the pebbly grit end the
middle grit; 1in the western part of the area there is only
one grit bend, considered to be the equivalent of the middle
grit of the east.

5) The beds sbove the treansgressien rest on lower strata towards
the east and merth, though the isopachytes in Figure 9
'nre glso & measure of greater deposition below the trens-
gression towerds the west.

6) The pebbly grit of the east, the lower part of the Coalcleugh
Transgressien Beds, end the Kettlepot Genister sare x;oughly
contemporanecus end s8ll lie immediately sbove the trans-
gression, end below the major cesal horizen. ' -

7) The major ooal horizon is that-of the Tenhill Coal to the south
and the Winston Cosl to the east. It lies below the middle
grit of the grit faecies of this erea, and within the mixed
facie'é. Coals are exposed in the follewing places:-

Soulgill @Grain, sbove a ganister, below the middle grit.
Soulgill Beck, within the mixed facles.

Upper Beldersdele, froem Combs to West Caini @Gill,
within the mixed facies.




9)

10)

11)

los.

Hunder Beck, within the mixed facles.

From Shields Beck to Wady Carr, below the middle grit,

Lower Baldersdale, between the pebbly and middle grit.

Buck Hill bore, below the middle grit,

The middle grit of the eastern part of the Stainmore Area is the

equivalent of the single grit band in the west and the

Panhill Grits to the south, These cen be roughly ecorrelated

with the upper half of the mixed facies, though deposition

of the grits may have contlnued longer in some places.

A second horizon of cosal developn‘xenﬁ, the Cosalcleugh Coal, is

very restricted im occurrence as it has only been found in

Upper Baldersdele above Combs, and in Black Beck, The coal

gbove the middle grit in Lower Baldersdale may be at the

gasme horilzon.

The Goaléleﬁgh-llarine Beds heve an outcrop restricted to the

centre of mixed facles deposition.

in the area of grit lithology.

They have no equivalents

The top of the cyclothem is tekem at the base of the Upper

Felltop Limestone which is correlated with the Hearne Beck

Limestone of the Askrigg Block.,
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_(8) Upper Felltep Oyclothem.

(i) G@enersl. On the Alston Block the neme Upper Felltop has
long been used for the basel limestone of this cyclothem, theugh in
Westgarth Forster's section the equivalent horizon, according to the
primary survey, was the "femp", No. III (Dunham 1948, p.45). The
Alatbn terminoclogy 1is preferred te that of the area to the south as
thgz_‘e appears to be a 1little doubt as to the correlations of the beds
gbove the Tenhill Grits. Chubb and Hudsen (1925) describe the Hearne
Beck Limestone of Shunner Fell and correlate it with one found in Led
Gill on Arkengarthdale Moor, sbove the Tanhill Grits. Carrathers
(1958.)_ distinguishes a second limestone, the Candleseave, above the
Lad Gill Limestone, and his section 18 also used by Trotter (;*1952).
Carruthers' arguments for the two limestones are not very cenvincing.
They are based meinly on isolated sections snd the thickness snd
lithology of the underlying beds which are extremely varisble. On
the other hemd, the euthors of the Mallersteng Memoir (1891) mapped
only one bend, the "éal-eareous bed", end it seems probable that
Chubb and Hudson's sequence is correct. |

The_bé&s of this cyclothem are well exposed .in the emall stresms
ronning down into Baldersdele and there are oceaslonal outcrops else-
where. Though there is a great deal of non-marine strata east of
R'a'vc;ck Rig§ and north of Casset How, the first complete sequence
with marine bends is in How Beck. West and south west of this beck
drift hides all the strata on the south side of. the Balder Reserveirs,
and the mapping is conjectural. In Yoke 8Sike and in Hunder Beck
below Hunder Hill the lower and upper parts of the cyclothem respect-
ively esre found, but west of the latter peat obscures nearly all the
soiid rock,

e P
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"~ An slmost complete section is exposed in Balder Beek, though
as 1t is broken by a femlt it is not possible to link the two halves
togother. In all the right bemk tributaries of the River Balder
the Upper Felltop Limestone outcrops amd in Mir Gill theré is a
complete section, though much of the detail is hidden by rock debris.
@111 Sike containa the last exposure of Upper F.elltép, for south of
it the horizons have had to be traced without the aid of marine bemds.
North of the Balder exposure is very bad west of West Oaini
@Gill end ell the mapping round Caple Rigg into Rewaﬁtree Beck is
cdnjeetural. East of West Caini @Gill the Upper Felltop Lﬁnestone
end the beds immediately sbove :l_t. are seen in all the becks, though
it is not till the ﬁ.w. fault downthrows all the strata that the
higher beds eppear. A very good complete section oceurs :I.:i How
e':-l:_]:i'. but beyond 1t the marine beds are less easy to ﬁnd'. There
gre some peor exposures in the beck sbove Yew Scar snd nesr Park
House, but nothing outereps round the morth side of the Boteny Ridge
except a 1little sandstone below Harker Hill, snd some loose pieces

of Upper Felltop Limestone at the top of No Neme Beck,

r Pelltop Limestone. Phis limestone has sm extremely.

characteristic.lithology which can be recognized over the entire
erea. Typloelly it is a bluish-grey pure limestone, with impurities
which produce darker bends. It is packed with lsyers of brachiopeds
snd cr:,lhoid- stems thus increesing its banded esppearence, particularly
on the weathered surface, which is a yellow or orange-brewn colour.
This mekes it very distinctive and easily recegnized even where only
one or two loose blocks are seen.

It is exposed in Stony SBike (880168) , Cross Gill end Great
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Aygill 8ike to be repeated by & fault in the latter snd in Balder

Beck, It is especially fossiliferous in Stony Sike, weathering a
mach peler colour thsn usuel, end as there is sm incresse in the
anount of clastic matter it is more crumbly snd splite easily slong
the bedding planes. In the trilmtar?.ee further down the River
Balder 1t maintains its typlcal character, though it is less well
e:pesed. This 18 sometimes due to the "femped" nature of the rock.
In Biea Gill there were & great many loose bloéks of limestone lying
sbout, but nothing could be found in place. However, by dlgging
eway the benk &t the expected horizon for some time a soft very
fossiliferous shaly reqk wag exposed sbout 2' in from the overlying
sandétone. This was obviously the same horizon as the limestone.

The centact of the limestone with the underlying rock is seldom
gseen and it is probeble that the typicel limestone described sbove
dees not lie direptly on the underlying ssndstone. In Balder Beck
there 1s a thin sendy mieaceous rock, very fossiliferous at the base,
with 6" of fossiliferous shale separating it from the normal lime-
stone, Kk tough calcareeus sendstone with fosslls at the. top under-
lies the limestone in a tiny beck opposite Combs,

There is 1little variation in the litholegy of the limestone in
Rowentree Beck, West Caini G111l er Yoke 8ike, but eastwards it loses
its distinetive weathered sppearance. 6n the fresh surface 1t
leoks the seme in spite of en increase in claestic matter, particulerly
quartz end mica. - This is particulaerly noticeable in‘an exposure
éast of the Tees &t Burnley where it is a very micaceous rock, but
the layered nature of the fossils mskes it quite unmisteksble.

At four places in the area there are at approximately the horigon

of the Upper Felltop & great number of loose pieces of limestone
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lying eround on the surface. One is in Red Gill (875161), snother

below Little Aygill Bogs (891174) end the third is in Mewmen Sike
not far above the outcrop of the Coalcleugh Marine Beds. All of
them are similar in that they occur in areas where loose limestone
is very rere snd yet in a matter of a few square yards more thean a
dozen loose pleces can be found. In viey of the constsnt nature
of the Upper Felltop Limestone it should be aaé'y to say 'whe_ther they
represent that hérimn or not. However, the lithelogy of these
lime»stone blocks is variable. Occasionally a typieel Upper PFelltep
plece 18 seen, but generally the rock is paler, more crystalline
snd crineidal, though some pieces are darker, even sandy or muddy,
Rééils are not so common snd are more fragmentary, though one or
two hspleid corels have been seen. ,

If the limestone does not come from solid rock ‘near at hend,
then either glesciation or man is responsible. A glence at the
pleces shows that they have no-t been carried by ice as they have
sgul ar edges except where normal weathering has rounded them
slightly end gléc:lers do not deposit rock selectively. There is
no eonéeivable .réasen why snyome should have carried limestone up
to these remote places end there is quite a covering of soil and
grass eround the individusel pieces, though msn as sn sgent mmst
remain a possibility. It seems probable therefore that there 1is
a marine horizon nearby.

It is not 'the Boteny Limestone which lies well sbove this
horizon since Shacklesborough, sbove Mawman Sike, is composed of
Boteny @rit. If it 1s either the Fossil Sandstone or the Lower
Felltop Limestone the problem remsine as both of these have charact-
eristie 1lithologles unlike the loose pieceé, end in Little Aygill
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Bogs there are genuine outcrops of Upper Pelltop Limestone at sbout
the seme height in the benk of the Balder less then j-mile away on
elther side. -

Thus, on the assumption that these are not men-made limestone
dumps, the; mist represent amall pockets in the otherwise continwous
Upper Felltop sea in which varisble rather crinoidasl limestones
were formed with occasionsl corals and some clastic matter.
Presumsbly the limestone is thicker than elsewhere, but proof of
this awalts the finding of a solid exposurs.

The fourth occurrence of this loose limestone occurs on the
eastern boundary of the map, in the beck below Washfold Bridge.
There are many pleces of limestone in the beck and in its bank
which are angular and ummarked by 1ice. Some of them have the
Upper Felltop lithology though the majority do not and these may
be more than 2' thiek. This patch of loose pleces 1s less convinelng
then the others as it could very easily have been carried by ice only
g short distance either from the Boteny Limestone or from one of
the lower limestones. In conjunction with the other places,
however, 1t certeinly 1s a strange coincidence that onée again at
the expeated herizon of the Upper Felltep Limestone there should be

g similar sssortment of loose limestone blocks.

iii Shale and Bandstone. This cyclothem is unusual in
having little or no shale sbove the marine band. A few feet do |
occur in Balder Beck eand in the becks running inte the lower Balder,
but the limestone 1é offen directly overlain by sandy shale grading
up into flaggy sandstones which may, &s in Mir G111, contain bands
of compaect sandstené. . On the whole the strata are rather arenaceous

in the west and becéma more shely towards the east.
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Near the top of the sequencs there is elways a hard bsnd of
mact sandstone which mskes a good feature, ﬁhi‘n ‘though it is, smd

which is easlly mepped. This is probably the sandstone seen in
North Gill, esbove the rosd bridge (9921'76) » ad 1f this 1s so there
is o l8ns of grit in the shale below, which outcreops by the bﬂdgé
itself and on the hill to the south east. GCorrelatiens im this
part of the asrea, however, &ére not very certain as the only marine
rocks ere the loose limestone blocks thought to be the Upper Felltop
I’iiﬁestone. Betwoen the shale snd the compact ssmdstone there is &
A eeai, seen just off the mep downstream, which is the only coal
found in this cyclothem.

The compact sandstone is picked up again on the south s:lde of
Beldersdsle in Gr@ok Beck (992186) and it forms a goed feature on
either side of How Beck, with oceasional exposures to t_he"wagt of
1$. In Osmond Beck (988194) there are at least 20' of shale ebove
the s‘uppésed position of the Upper -Felltép as compered with no more
them 10' in How Beck, snd there is = similar increase in. ghale nesar
@111 House compared with the beck sbove Yew Scar, only ¥-mile to
the west. '

 The section drewn up for Yoke Bike is extremely arenaceous,
particularly if it is considered in conjunction with the one for
the top of the cyclothem in Hunder Beeck. Not only is there no
resl shale sbove the Upper Felltop, but there 1s none below the
Foasil Sandstone either and the exstensivé seandstone outcrops at the
foot of Qoal Gill sre ro doubt at the seme horigon, though there is
the possibillty that the feults sre wrong smd that the sendstones
should be placed bélow the Upper Felltop Limestone.

!.l'o the east dnd north of Bhacklesborough the compact sandstone
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outerops. It is rather carbonaceous, particularly in Blea eil1,

and has fleggy ssndstones sbove it. West of that beck a shsale
comes in ebove the sandstone, becoming 16' thick in Mir G111L.

From the very scsnty evidence avallable this seems to exténd to the
north west, for 6' of shale underlie the Fossil Band.s.tone near Potter
Reed (87318%) end in Balder Beck there are 10' of shale, alightly
flaggy at the tep, beneath it. It should be possible to Join up
the two sections for Balder Beck, but the compsct sendstone of the
'~ lower part could not be found beneath the Fossil Sandstene, and the
latter could not be found ebove the compact sandstone, so the
probability is that there 1s en increase in the thickness of the
cyciethem here, the shsle of the lower secetion imss—:lng inte the
rather varisble shales, slltstones and sendstones of the upper one.

There ere meny exposures of shales, sandy éhales end flaggy
sendstones in the north-easterly running "Grains" of Pinkhill Moss
(865178) which have been mép:ped ss part of this cyclothem. The only -
méring exposure is the one of Fossll Sendstone mentioned sbove and
so - the ho'ri@n of the non-marine strata is not ce_rtaiﬁ. Undoubtedly
the structure is not as simple as it seems and more exposures, or
even features, would show some Taulting so that the non-marine strata
e.xpééed may be representatives of the Qoslcleugh Transgression Beds,
‘though 1t 1s doubtful whether they extend so fer west.

The old quearries round the side of White Hill are probsbly in
the compact sendstome, but ell the solid rock is now covered up.
Below Harker Hill (962215) there 1s gome sendstone in place, but the
marine top of the cyclothem is never seen on the rorth of the Botany
Ridge. on the south side it is found in many of the stresms and 1t
is spparent that cyclic depositien is better developed than elsewhere
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the strata becoming more arenaceous upwards with the Fossil Sand-

stene lying upon sendstones or ganisters, though a compact sand-

stone may still occur some distence below the top.

. (iv) Discussion. The Elppei' Felltop Limestone undoubtedly
exists thmughoﬁt the centre of the area, though owing to westhering
end the poor exposure of the -shale above snd below 1t it may not
slways be found. There is doubt, however, as to its extension teo
the west snd esast. No exposure of it has been found direectly above
the grit facies of the Transgression Beds Grite in the west except
for ene loose piece in the beck (860173). This was well above thé
upper m;dstone of the Trensgression Beds Grits, end though it could
have been carried a short way by glacliasl action, is more likely to
have come from a nearby horizon. There is also the loose lime-

' gtone already mentioned in Red Gill, _

In the east the exposure of the Upper Pelltop Limestone in How
B'eéi: is definitely above th_e grit facies, but beyond this beck no
exposure has been found except the one mentloned above at B‘ur-nley' in
County Parhenm, There is plenty of epportunity for it to outerep,
especlally in the left benk of the Tees, though the horizon is
usuglly obsocured by seree, but even looge pleces have not been found.
The probebility is therefore that it does not exlist, having either
never been deposited or been eroded away. Though the Tees ares was
not mapped in deteil, for there is a greast deal of minor feulting,
particularly.around ghipley, no evidence was found for & trans-.'
greésion gbove the Upper PFelltop Limestone, snd, as stated above,
ghele. seems to incresse towards the east. There 18 then the

possibility that the limestone was never deposited, probably due to
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the differential ‘compaction undergene by the grit facles comp ared

with the more shaly mixed facies. This could explain the lack of
outcrop away from the centre of the area, but in contrast the solitary
outerop in Durham ocours only 600 yards away from where the grit
facles reaches its greatest thickness, unless it is that it thins
again rapidly east of the River Tees. |

It 1s not possible to relate the limestone pockets to thickening
in the underlying beds, since they eccur quite spésmodically above
both the Transgression Beds Grits snd above the centre of Coalcleugh
Treansgression Beds. They might be considered as & “reef facies"
comparable to that of the Clitheroe asnd Craven districts. Rayner
(1952, p.246) suggests three fundsmentsl charscters for the reef
facless-

1) Normelly poorly fossiliferous celcite mudstone ss the dominsamt
rock type.

2) Faune of a speclal reef type, locally sbundant.

&) Large masses of rock show little or no bedding.

In these pockets calelte mudstone 1s more common than in the normal

Upper Felltop Limestone; it is less fessiliferous, no patches with

abu‘nda;at fosslils having been fougd, snd 'the rock 1s less well bedded

then the nermal type. It is not possible to say more then that,

especially as no outcrop of these pockets was found .and that their

existence even has not been préve-ﬁ.

There seems very 111;1'.19 doubt about the correlations of this
limestone with the areas to the north snd south. Dunhem (1948) states
that the Upper Felltop Limestone of the Alston Block is a blulsh
slightly crinoidel limestone, in some seetions replaced by sn ochre
or "femped". It seems then that the litholeogy persists northwards,
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though, as is seen in the east of this area, it loses its distinetivé
weathering colour. This 1s mot so to the south where the descrip-
tions of Chubb snd Hudson (1925) for the Hearne Beck Limestone snd
for the one in Lad G111 show that the lithology alters very little
in a distenee of more than 15 miles. Indeed a sjyeci'ﬁen'from Hearne
Beck can only '_be distingulished from specimens of this area by its
glightly more sandy nature, Tlf’he layers of fossils, the alternate
dark end light bends in the fresh specilmen, and the orange brown
weathering are 1dénti cal, Thus the Upper Felltop Limestone in the
Yoredeles of the Alston Block cen be traced south into the Hearne
Beck Limestone in the Millstone Grit of the Askrigg Bloeck,

Above the limestone of Led Gill are 50' eof shﬂe with crinoid
stems, followed by a very calcareous grit which, as is shown below,
" 18 correlated with the Fosslil 8andstone. There is therefore a
continuous marine series on Arkéngarthdale Moor which was deposited
while non-marine rocks were being laid down in this areasa, These
non-marine rocks continue northwards onto the Alston Bleck, though

they may be thinner in places, such es Hunstenworth (Dunhsm 1948,

p.42).
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(R) Fossil Smmdstone Oyclothem and Botany Limestone.

(1) General. 1In the Msllerstang Memoir (1891) a "Fossil
arit" is mentibned several times as occurring sbove the calcareous
band on some qf the high fells north of Bwaledale. In the present
srea & similar bed was also mepped by the old surveyors, particulsrly
on the eastern slde, where on the l-inch m_ajé Gid Series 102 8. W. it
was taken as the base of the Ooai.Measures. On the Alston Block no
marine horizon has been named @bove the Upper Felltop Limestone, and
g0 a neme similar to that of the Askrigg Block has been selected,
the Fossil ‘Sandstone, since 1t is genersally & sandstone rather than
e grit. . |
| The term Boteny Limestone for the highest marine bed is so well
kxiown' sin.ce Garwood's description of the Botany Beds in his major
work of 1912, that 1ts use needs no explanation and the grit beneath
| it has been called the Boteny Grit since 1t 1s exposed so conspio—
uously round the Botany Ridge. _

The outerop of these beds is limited to the tops of the fells
on elther side of Baldersdale and to two small downfaulted areas 1in
H;inder Beck and Balder Beck. Bxposure is good, =8 the two marine
bands and the grit meke consplcuous features and several good stresm
sections cut into the softer rocks. Nevertheless on the vsouth slde
of E?tldefsdale glaclial drift mekes mapping very difficult, particularly
around the siopes of Goldsborough snd on Lemb Hill, in spite of a
very full section obtained' in How Beck.

on the north side of Shacklesborough exposure of the Fossil
Sendstone is feirly good, but its position to the south 1s only
conjectured from fesatures. Similarly the outlier of Caple Rigg is

mepped entirely by features and the occurrence of a single outcrop. .
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In contrest, the mapping of the Boteny Ridge itself was
extremely straightforwasrd, faults being easily treced, one running
E.N.E, producing a repetition of the successien. The marine beds,
howevep, were not found on the north side of the ridge owing to the

thick covering of peat.

(i1) PFossil Sandstone. This is a coarse sandstone, occasionally

gritty, containing fossil fragments. It 1s usually badly weathered,
but sometimes crysta;s of calclite can be seen in it, and 1t may be |
overlain by a sandy limestonse.

one of the most complete outcrops is Just below the road bridge
at West New Houses; 1t 1s essentlially a fossiliferous sandy limestone,
gbout 4' thick, but the detalls are difficult to ascertain as the -
eprsure is not continuous. - It 1s quite well developed in Blind
Beck to the west, but in How G111l to the east 1t 1s very diffioult
to find though there are one or two loose pieces. .The seme is true
of the beck sbove East Thorngarth Hill (965201), but a solld exposure
is seen near Park House (969207). The bed never occurs outside the
streems this side of the reservolr, but as the"outcrops of it end
the underlying Upper Felltop Limestone both occur at constant levels
in the gtreams there ls no doubt that the bsnds more or less follow
the contours end that the N.E. fsult west of Goldsborough does not
continue north of the reservoirs as shown on the 0ld Beries Geol-
ogicel Msap. Thére are no other solid exposures on the Botany Ridge,
but one or two loose pleces were found in a grassed-over quarry
below White Hill (91219%).
| In the west, the single outcrop nesr Caple Rigg (874184) 1s of
interest. Oonly ebout 1' of rock is exposed sbove 6' of shale and
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it i1s the normal foesll sendstone at the base, Above it, however,

is a very badly weathered marine rock looking like & cherty or
giliceaus limestone., Bouth of thig there 1s a good exposure in
Balder Beck of & sendstone 5' thiek conteining scattered fossils
end with a limestone, not very sandy, oﬁ top.. In Hunder Bedk-the
outerop extends some way along tﬁe beck and it shows the varisble
nature of the rock from a sendstone, sometimes gritty, with fossil
fragments into a sandy limestone, laterslly as well as vertically.
In places marine fosells cannot be found at all in the ssndstone.-
A gritty sandstone also occurs in Mir Gill end Bleagill Hearne,
but in How Beck 1t ie meinly a sendy limestome. The Fossil Ssnd-
stone cen also be found in the Old Quarry at Burble Beck (987188)
where 1t is at least 4' thick snd it was around Ourrack Rigg that
the aid surveyors used i1t to trace the base of the Cosal Mesasures.
They also mapped it on the Durhem side of the Tees as "grit with
 shella" for it extends for et least 1i-miles, broken once or twice

by feults, @6 an easily followed horizon, north of Shipley.

(ii1) shele snd Sendstone. As the sections show very well,

the Fossil Bsndstone is overléin by shele, nodular at the base.

This is particularly well developed on the south side of the Botany

Ridge, for it is frequently exposed outside the major stresm sectlons

end also forms large shale features, easlly mspped. Undoubtedly

the strata asre also essentially argillaceous in the less well

exposed parts of the area, as there 1s elways a considerable thick-

ness of hidden rock betwgen the Botany Grit snd the Fossll Sandstone.
The shale either passes up into sendy shele or sandstone ribes

start to enter the shale. There does not seem to be a regular
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increase of arenaceous matter; :I.hs-tead the sandstones come in as |
lenses such as the one seen in How Gill, This 18 & compact send-
stone, 1'6" thick at one point, and yet it csnnot be found in the
opposite bank. In How Beck there are also lenticular sandstones
high in the shales, some rather calcsasreous, but nom-marine,

Below Kelton Hill thére is a thin white compact sandstone, of
which enly 2' are exposed but which nevertheless forms a distinct
feature snd waes once extensively querried. Its horizon cannet be
proved as there may be more faults than are apparent west of Kelton
Hill, but a thin band of rock only forms & good feature if there is
soft strate above and below, and so this is thought to be one of
these s.andstone lensesg in the shele, dying out to the east. A
similar sandstone bsnd, though more flaggy and slightly csalcereous
occurs sbout 20' sbove the Fossil Bsndstone in Hunder Beck, though
it cennot be traced very far.

In sddition to these lenses of sandstone there is also & thick

sandstone ﬁb@ve the shale which extends the length of the Boteny
Ridge. It is sometimes flaggy, but at New Houses is seen to be
compact as well, eand in How Gill is 50' thick, On Goldsborough

there 1s, sbove the flaggy sendstene, 6' of siliceous sendstone
becoming distinctly csrbonaceous in the upper half end with e

genister toep. This appears to be overlain by 2" of coal, which is
gometimes seen at the base of the overlylng grit, but it 1s considered
that this coal 1les sbove a transgression which cuts into the top of

the sendstone (see below, p. 124).

(iv) Betany Grit. This is a compact or felse bedded grit

which outcr;opa almoat continuously on the nerth, east and south sides
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of the Boteny Ridge, sad fgrms outliers on Kelton Hill, Shackles-
borough, aad Goldsborough. In addition, en E.-W. fault, downthrown
south, enebles it te form the cueste of Hare Orag and also Loup's
Hill.

The grit is composed of rounded or sub-anguiar grains varying
from 0,1 to .2 mm. in dlemeter, but oceasionally there are larger
pebbles, Quartz is the dominent mineral with feldepars including
pl.wgioclases, orthoclase and microcliﬁe, but they have frequently
been weathered out. The direction of depositionsl dlp was teken
whgrever possible snd 17 reasdings were obtained. This is too few
for a statisticel snglysis to be made, but they all lie within a
sector from 70° to 220° end all except two between 120° end 220°, 8o
it sppears that the current direction was frem the north.

As the top of the grit 1s seldom seen 1t 1s not possible to sey
mach sbout thickness variastione, but there is probably sn inerease
towards the south as there is & 40' face of grit in Catty Oreg
Qquarry, ahd to the eest, in Tinkler's Querry, the grit is at least
%' thick. In sddition the formation of such en extensive dip
glope as the one between the two quarries, with grit outerops all .
over it end mo cover of drift, shows that the thickness is consid-
erable. The grit can just be found in the stream bottom at How
Beck and 1t is then upfaulted twice. The first fault raises 1t
onto the top of the stresm bank from where 1t continues eastwards
to Tinkler's Quarry. The second and bigger famlt produces the two
outliers of Goldsborough and Bathe Haw,

The Goldsborough outcrop shows the trensgression at the base
of the grit, which is et least 20' thick end pebbly near the base.
Beneath the grit there is a coel, 2" thick, which would eppear to
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be below the transgressien, but at one place it cuts down into the |
underlying carbonaceous ssndstone. In addition, though its outcrop
is not continuous, it is seen at various _places round the mesa, in
splte of the faet that the underlying carbonaceocus sandstone appea;rs'
to have an eroded top. It seems, therefore, better to consider the
coal @s esbove the transgression. Confirmation of this 1s obtained
from Catty Crag Quarry where a thin coal occurs 1' ebove the base of
the grit. On thé other flat ‘tepped hill or "mesa", Shackles-
borough, 20' of grit, sometimes pebbly, are seen, but no sandstone
snd no base to the grit.

However, at the East Hunder Quarries (931190) the base of the
grit is distinctly pebbly, contalning quartz pebbles up to 1 om.
long. It rests sharply on 4' of sandstone' at one point, while a
few yards to the east it 1s underlain by shale and-s‘andetene flags.
At several other plesces the grit was seen overlying the ssndstone.

In the stream north of Jenny Quarries (932204) end in How Gill
(952215) the base of the grit does not appear transgressive, but

in ‘the 01d Quarry near Scaletree Plsntation (964210), at Blind Beck
end at New Houses there is a distinet break betwgen grit asnd under-
lying ssndstone. The transgressive base of the grit is particularly
well seen sbove New Houses (Plate V) and it can Just be made out near
Scaletree Plentation.

In How Gill the grit is only 2' thick, which is exceptioneally
thin. There is, however, no doubt thet this is the Botsny Grit, as,
quite spmrt from the obvious similarities in the sections shown,
this bed cen be traced right slong the south side of the Botany Ridgs,
though actual exp@sureé do not oeccur within sbout }-mile on either
side of the beck. The feature is continuous, _howéver, end the lack

of exposures near the beek confirms that the grit hes thinned. The
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thinning is of very local extent, névertheless, for within a mile
on elther side there are at least 13' of grit at New Houses, and

16' at Scaletree Plantation.

(v) ghsle. Above the top of the Boteny Grit come %0' — 40°

of beds, mainly shale, exposed continuously in How Gill. At the
bottoni here 18 s seat earth .of very earbonaeeous,.- micaceous silt-
stone, but with no coal observable above it. Nevertheless, sabout
a mile west (943202) there are some old diggings in the shsle with
some loose coal and shale on the surface, showing that the coal
does de%elop to the west. Farther evidence comes from How Beck
Head where there are 6" of coal or ganister, exposed sbout 9' aﬁ)ove
the top of the grit, _ :

In How Beck Head there is sendy shale ss well as gshale, end -
one bend of siltstone, and so there may be arenaceous bands in the
shele sbove the Botany Grit, as well as below it,. This may be
the explenation for a tiny outerop of sandstone at Howglill Grange
(956204) , which is sbout 20' - 30' sbove the top of the grit, end
which canmot be found in How Gill itself 150 yards away.

(vi) Botany Limestene esmnd Overlying Beds, This merine-bed is

thicker end has a higher proportion of pure limestone than any seen
in this srea sbove the Crow Limestone of Deepdalse. Generelly the
gseries consists ef a compact pure limestone, frequently nodular in
gppearance, with bands of fossiliferous sheles, containing thin
intercalations of limestone. The limestone itself may be siliceous,
middy, crinoidel or sandy, the lithologles chenging rapidly laterslly.
The variastions in detail of the Boteny Limestone can be shown by -

=
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comparing the section below of the Bealetree Quarry with thé ones
shown in Figure 15 for New Houses, which was taken from Greenhill
Quarry, snd How Gill,

Pt. Ing,
. Weathered limestone, probably compact cceceee 6 0

Oompact 11mestoRe cceveccccccncennsesncaccsoe 2-~-8
gShele and nodular 1limestons seeeccecesccecnsse 2 6
Compact 1imestone seescencosscscocnnccccnscse 6 o)
Fogslls ere more sbundant then in the lower limestones, but
extraction is difficult from the compact limestone. Corals were
mainly Olisiophillid type, though oné specimen of Aulins rotifermis
wés found in a weall above a quarry. In all respects the Botany
Limestone is typical of the normal Yoredele Limestones of the Middle
Limestone Group.
| Bétween. the three msjor outerops mentioned above there are many
other exposures of limestone on the hill slopes, but as one. goes
west of @reenhill Quarry it is less easy to find, It cen be seen
in Rokehole Sike (939197), but this is the most westerly outerop
for aleng Hezelgarth Rlgg nothing but a few loose boulders cem be
found of the limestone 1tself. )

AKlong the top, or on the north side of the Botany Ridge, the
limestone should outerop again, but nothing is exposed, end the
boundaries sre drawn in simply with the aid of features. Thus the
limestone may thin to the morth as well as to the west, though the

lack of exposures could be simply due to sn increase in the proportion

of shele, the total thickness of the marine beds remaining much the
s8EC,.
" Qertsinly there does not appear to be any thinning towards the

S aacp. W et
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south for the outecrop at How Beck Head, though largely obscured by
quarry debris, shows & total thickness of at leaét 20'. Above the
highest limestone, end .re_sting on a thin shale, is a 2" band of
hard, siliceous grit contalning fish teeth. This is overlain by
5' of non-marine flaggy sandstone with 2 .of coarse fosslliferous
s.andétone gbove, It is slightly calcareous, and, on its own,
would be mistsken for the Fossil Sendstone. However, it is clesrly
seen to rest sbove the Boteny Limestone, separated from them by non-
mearine beds. _ |

The E,-W. fault cuts out gll the overlying strata so a return
must be made to the Botany Ridge to see 1f anything similar can be
founé.. Along Hazelgaerth Rlgg this same fossil grit has been traced
for neerly #-mile just above the expected horizon of the Botany Lime-
stone. It has also been seen nesr Botany Farm at the head of How
Gill (961208) @nd (95221C). It is doubtful whether the fossil
s:aﬁMtone or grit is here separated from the Boteny Limestone itself
by non.-!xﬁar:l.ne beds. None are 6xposed end 1t may be that they have
lensed out since How Beck Head. .

Néthing clear can be distinguished ebove this fossil grit.

Just east of Boteny Ferm (956214) there is & thin bsnd, 2' thick, of
sendstone. Probebly the Botany ILimestone runs just north of this,
but 1% is not exposed. West of Howglll Gremge (951202) there 1s
some loose grit, and a good feature which may be due to =n over-
lying grit bmd; but the loose pleces may have come from the Botany
Grit exposed a’Bove the fault to the north west. On Hazelgarih
Rigg there are some grassed-over querries snd some loose sendstone
gbove the ro_ssil grit, It therefore sppears that grénaceous strata

1ie not far sbove the Botany Limestome, but thelr nature and height




sbove it are not certain.

(vii) Dpiscussion. There 1s no doubt that the Possil Sand;
stone of this erea is the equivalent of the Fossil Grit to the south,
which extends ovér a very wide ares. Chubb and Hudson (1925)
deseribe it from Arkenéarthdale Moor snd from Shunner Feil, Athough
it 1is omitted in the vertical seetion for the latter, It has now
been traced inte Durham, a distence of 20 miles, the only difference
in the adjacent beds being the introduction of a wedge of hon—marina
trata' below the Fossil Ssndstone itself, which was mentioned_ above.
Danham (1948 » Po42) mentions marine beds.16' thick 11' above the
Uppef Felltop Limestone in the Roddymoor boring and in shafts at
Hut;;tanworth. It has been found on the surface as well, No
detailé“are glven of the lithology but the term in brackets "Cockle
Beds’-' is used, snd this may refer to a shelly sandstene.

G‘eﬁrrelations of the Botany Grit with outside areas are rather
aifficdlt. 1In Chubb snd Hudson's section for Arkengarthdale 200'
of strata &re shown between marine beds, and they inelude the érit
of W-atdr Crag end two thick aﬂdstones. - There, is therefore
considerable thickening, particulerly of the arenaceous strate, to
the south, Possibly the equivelent of the Botany Grit is the Grit
of Wét;r Crag, in which case the sandstones recorded im this aresa
within the shales sbove and below the grit thicken southwards to
form bends 30' thick,

| on the Alston Block shele overlles the marine beds with the
Grindstone 8111 sbove them (Bunham 1948). Thie is nomaily a
flaggy sandstone Z0' - 50' thick, but may contain a lens of coarse
gﬂt. .Above it are the shales with sendstenes, which are overlain
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by the First Millstone Grit of the old surveyers. This is thought

to transgress onto the beds below. thhing definite is known of
the marine beds in the grits but in the Roddymoor bore a thick,
though probably discontinuous, merine se‘rie is shown above this
basal grit. On the Dt;i‘ham side of the Tees there are very thick
flaggy and compact sandstones above the Fossil Sendstone, with grits
gbove them, overlain by the Boteny Limestone (see below p. 120),
though their examct thicknesses would only be obtained by detailed
mepping over a large area, much dissected by faults. Thus there
is 8 thickening of either a sandstone lens in the shale or the send-
stene beneath the Botany Grit in sn essterly direction. |
B The question 18 whether the Botany Grit is equivalent to the
Grindstne 8111, or whether it is the First Millstone Grit of Durhsam,
It must be remembered that south of Steindrop the basal Millstone
Grit \'a.s mepped by the old surveyors 1s the Transgression Beds Grit,
Gomsequently it is not known which of the succesding beds is the
First Millstene Grit of Durhsam, _

If the Botany Grit is the Grindstone Si1l, then the Betemy
Limestone in Parhem mst be cut out by the First Millstone Grit, the
trénsgressien-of'which lifts. sufficiently at Botany to expose the
1i;1§étene. If the Botany Grit 1s the First Millstone Grit, then
the Grindstone has elther thimned or been partislly removed by the
traﬁsgi?;ssion above, Evidence foi' the transgressive nature olf the
Boteny Grit has alreasdy been given, ‘and, spart from the loeal
thinning in How Gill, it extends over an srea of at least 10 square
miles. It seems, therefore, that this is the First Millstone Grit
of mi'ha:n, ~1lying unconformably on t__Iie Grindstone 8ill, The trens-

gi'ession lifts a 1little in How' 9111, snd more east of the Tees to




éxposs & greater thickness of @Grindstone. This coerresponds to the
Roddymoor bore where the marine strata sbove the basal Millstone
Grit would become the equivalent of the. Boteny Limestone.

The Botany Limestone can undoubtedly be correlated with the
ghunner Fell Limestone. Not only are the underlying seetions
almost identicel, but sbove it is a grit with fossil casts, 1ndistin;
guishable lithologically from the fossil grit above the Botsny Lime-
stone, Chubb and Hudson considered that the marine ealcareaué sand;
stone of Arkengarthdaele was the same horizon. It is possible,
however, that it 1s actually the equivalent of the fossil grit sbove,
the limestone itself not being present in the section.

Northwards, the Boteny Limestone presents a prdblem. It hes
never been recorded from the Alston Bloek, though a marine series
was penetrated in the Roddymoor bore. This may be due to the poor
qn;iiéy ef exposures at this horizen, and certainly this could be
the explanation north of Staindrop. South of Staindrop an B.-W.
femlt 1s-éﬁown on the Old’Series Geological Map (102 S.W.), letting
down a'wedge of Yoredeles north of extensive Millstone Grit outcrops.
There is no doubt that Yoredales exist, as neaf.the-railway viaduct
in Laﬁgiey Beck is g Crag Limestone to Rookhope Shell Bed succession,
but south of these outcrops with their steep northerly dipe sre two
exposures of limestone. Assuming, ae'the map shows, that there are
no fanits between, the two exposures must be of a limestone well
down 1n the Miﬂdle Limestone Greup. By a strange coincidenee the
feult lies immediately to the south of these exposures, with no
underlying beds between them and the fault. An exsmination of these
limestones showé them to be compact, slightly siliceous limestones,

fairly fossiliferous, and rather nodular in appearance. They bear
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am e'xtraerﬁ:lnary resemblence to the Botany Limestone and are
completely dissimilar to sny of the Upper L:l_meston_e @roup Lime;
stones seen. There is no pesitive evidence for a fault to the
south of these limestones, the- country being extensively drift;
covered, end a feult could with equal ease be placed to the neorth,
In fact, in order to link this fault with the Lunedale one, of which
it is sn extension, the o0ld surveyers had to insert an additional
'S.B. ome. A further point is that 1t is most umueual for a fauls
te have the ssme horizon of grit_on one slde, and the seme 1ime-
atoné on the other, for a distance of 8i-miles. It seems, there;
fore, very probable thg-t this is the Botany Ii-imeé-tene, overlying s
grit vhich is exposed just to the south, though it is never seen
directly beneath the liﬁestone..

Thﬁs detailed mappizig_ may reveal further exposures of a marine
bed. in Durheam, but it is unlikely that it will be the thick massivle
limestone of the Botany Ridge as the old surveyors would not have
missed 1t. It may be that the overlylng Second Millstone Grit
transgresses sufficiently to remove it, but another possibility 1s
thet it was either not deposited or was lald down in en attenuated
f@iﬁ. " The nen-marine strata sbove the Fossil saqutene on the
Bofany Ridge are not particularly arenaceous compared either with
Arkengerthdele Moor or with the Alston Block, though information is
scanty. Poesibly the Beteny Ridge end part of Durhem to the east
being relatively shaly were compacted mere than neighbouring areas
so that a thicker marine series could be laid down in this temporary

trough than to the north snd south.
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(1) Correlations.

Buggested correlations between Swaledale and Alston are shown
in Figure 16. The section for Swaledale is made up from those giveﬂ
by Chubb aend Hudson (1925) and.Hud_son (1941). Carruthers (1928)
also gives a seetion for North West Bweledsle and this is repested
by Trotter (1?52). This is so much at varience ﬁith Hudson's work
and with ﬁhe details given in the Mallerstseng Memoir that it has had
to be ignored. = Fbr the Alston Block a very general section has been
drawn up, based on the comparative sections of Duﬁham (1948). Some
detail has been removed and the transgressions have been emphasised.

On 8tainmore it was seen that there could bé very little doubt
about the equivaience.either gside of the syncline, either of the
beds below the Crag to Crow Limestone, or above the Upper Felltop
Liﬁéstone. N

In the middle, however, the conrelatigns of the marine beds
were not absolutely broved, snd a glance at the generalised sectlonse
on the map might suggest that they were wrong. The more obvious
conclusion to be‘drawh from these sectilons is thaf they should be

correlated as followss-

S4B, and East. West. N.E. snd Centre.
CRC N N N N X PN R RN BE BN OBE BN BN BN BN AN AN ] Mirk Fell- Lolwer Felltop
' Ironstones «¢c... Limestone.

Upper Stonesdeale EUpper Stonesdale. Rookhope Shell Beds.
Limestone cccecevenee :

Lower Stonesdale SLower Stonesdale. Knucton Shell Beds.
Limestone TR IR ETY

Crow Limeston® cscecee OrOW ccececccccse Crag Limestone,
Trotter (1é52) suggests a similar correlation snd it greatly

decresses the differences in thickness between the west and the

e



other pafta of the ares. It would also enable one to trace the
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Grit 8ills into the sandstone below the Upper Stonesdsle of the

western part of the area,

There sre on the other hsnd several arguménts aéainst ite-

1) The-Grit'S%lls eemnot be found on the Askrigg Bleck so there
1is no reason why they should not dissppear within this area.
2) The lithological similérity of the Lower Felltop Limestone and
Upper Stznesdalé Limestone throughout this area,
&) The isolated exposures of marine beds beneath the Coaleluegh
Trensgression Beds in Rowsntree Beck, ete., would have to be
‘explaine%. '
4) The evidence quoted sbove for the dlsappearance of the Knucten
ghell Beds.
5) The absence of the top marine band in the 8.E. though a trans-
gression;could be the explanation.
Budson (1941) put forward another correlation for the Upper
Yoredales:- | _
North Wesh Bweledale. | Alston.

Mirk Fell Ironstone Series ...... (Lower Felltop Limestone.

Rookhope Ironstone.
Rookhope S8hell Beds.

Mirk Fell GeniSter ececeesseessss Grit Sills.

Stonesdale Limestone «eseseeeeees Knueton Shell Beds.

Crow Limestone sceecesccsccncccns Crag Lime,

This hes the sdventage of linking the Mirk Fell Genister with

the Grit 8ills, but it does net tske into sccount the double nature

of the Stonesdale Limestone. The evidence of the western section

-
is quite emphatic that there are two Stonesdale limestones with «

fow sendstone ribs in the shale above to represent the Mirk Fell

aakil iy s sare .
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Ganister, TheFe two marine bands -cen hardly be thought to pess

northwards into the Knuctons, which have been shown to thin south-
wards, In addition the suggested equivalence of the Mirk Pell
Ironstones with.the Rookhope Shell. Beds, Ironstone, and possibly
the Lower Felltop Limestone as well is most improbsble, considering
the thickness of these beds in some parts of the area.

There 1s the possibility that the mapping of the north easst
part of the area is wrong end that consequently part of the section
drawn up for the north east and centre is incorrect. There is no
doubt sbout the.other two sections as each marine bsnd ie definitely
seen to be above the one below it. This 1s not so on the north side
of the Botany Ridge and there is slways sn element of doubt when
mepping depende very lergely on the interpretation of features.

The difficult point #s‘to distinguish the Rookhope Shell Beds from
the Lower Felltop Limestone, as it 1is péaaible that the two marine
bands found in the Tees are the two Rookhope Shell Beds and that the
Lower Pelltop Limesf@ne has been cut out there by the transgression
at the base of the pebbly grit of the Trensgression Beds @rits.

In support of this is the great thickness, with intervening non-
merine strata, eé the Rookhope Shell Beds inm the Selset Bores snd the
very great variations in thickness of the strata between the Shell
Beds snd the Lower Felltop Limestone. On the other hand there is
the evideﬁce in Deepdele which points to a gimilar thinning of the
non-marine strate eastwards, and the comparative constemcy of the
1ithology of the Lower Felltop Limestoene.

!iﬁally there is the possibility'that while the mapping of the
north east of the asrea is correct, the identification of the lime-

stone below the transgression as Lower Felltop is8 wrong. In other




136,
‘words, the Lower Felltep of Alston may not occur in this avea at
all, having been removed by the transgression above, and the marine
band thought to be the Lower Felltop is the Upper or Main Rookhope
Shell Bed. This would result in the following correlations across
the syneliness |

‘Horth West Swaledsle. Alston.

a

...U..’.l“.......'...'."-'...'?0".' Lower Felltep Limestone.
Mirk Fell Ironstones .e.:ecccesese.. Rookhope Ironstone.
Upper Stonesdele Limestone ....... Main Rookhope Shell Beds.

Lower Btonesd;le Limestone ....... Lower Rookhope Shell Beds.
: Knucton Shell Beds.

Orow LimMeStONe «ec.seescecesseseess Orag Limestone.

This correlation would mesn that the transgression removes a
much greater thickness of beds than hitherto suspected, as the Lower
Felltop Limestone would be absent from the Stainmore Area and North
West Swaledale gnd the Rookhope Ironstone would be absent from the
centre snd east of this srea. The sections which Carruthers drew .
up for North Teesdale and Swinhdpe.both show a shelly sandsﬁone for
the Rookhope Main Shell Bed with no limestone above it.- Tpe Lower
Fﬁlltop iimestone, as mapped, of this area hae & gritty or sandy base,
but there is always a pure limestone above. On 1ithologica1 grounds,
therefore, one would be inclined to reject this correlation but the
only positive evidence against it within this area is the.finding of
an 1ronstone,_thought to be the Rookhope Ironstone, below the mapped
Lower Felltop. Nevertheless the evidence is not cenclusive amnd
until the area to the north has been surveyed and the limestone in
the Tees at Eggleston Bridge definitely identified this alternative

correlation must remain a possibility.
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Comparing the present map with that of the old surveyors, it
will be seen that the mapping of the lower sfrata is not very
different. The Four Fathom,'areat, end Little Limestones presented
no difficulties end much of the Ten Fathom Grit snd Orow Limestone
south of the syncline was mapped in the sesme way. Above the Crow
they did not attempt to correlate the marine bands and seem to have
consldered that there was only one "Felltop" Limestone, though in
some places two separate bands (the Lower and Upper Stonesdsale
Limestone of the present work) were mapped.

. Within the syncline, in the River Balder and Hunder Beck, -some
limestones are marked. Apart from the Botany Limestone these were
all fhought to be below the Millstone Grit, presumably the "Felltop"
Limestone. These exposures, however, have been shown in this
account to include the Rookhope Shell Beds, Lower Felltop Limestene
end Coslcleugh Marine Beds in Hunder Beck, and the Upper Felltop and
Fossll Ssndstone in Balder Beck. No attempt was made to use these
marine bends for correlation purposes and many more exposures were
overlooked, psrticularly within their "Millstone Grit".

The result was that the well develeéed grit in the west of the
serea, now thought to be the middle grit of the Transgreaaion Beds
@rits, was traced eastwards into a variety of beds. Above ILunedale
they Jeined it to what are now called the Coalecleugh Transgression
Beds of Soulgill and Rowsntree Becks. North of Ealdersdale they
continued it into the sandstone below the Upper Felltop Limestone
in West Carni Gill. Around Shacklesborough it was mapped into the
ssndstone below the Fossll Sandstone.

In the east of the area the traﬁsition from grit facies to mixed

facies was explained by feaults downthrowing to the east. The
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largest of these feults is above Lunedale, east of Shields Bedk;
for the Grit 8111s increase in thickness at gbout the ssme point
end the old surveyors here 1nciuded the Grit 8ills in their
"Millstone Grit". This fault, and the ome north of Baldersdsle
have now:heen shown to cut threugh several marine bands. The one
west of High Crag cannet be proved to be incorrect, but there is
noe positive evidence for it. |

The Botasny Limestone was placed high in the Millstone Grit end
this sccount agrees with.that position end with a similar position
for the limestone of How Beck Head. The old surveyors were, how-
ever, misled by the Fossil Sendstone which has now been shown to be
below the Botany ﬁimestone. _They took it to be the base of the
Coal Measures, but onli.recoghiaea it south of the Balder in How
Beeck and around Currack Rigg, snd, nerth of the Balder, on the
eastern extremity of the Botany Ridge. They did not find it in the
stresms running down the south of_Betany Ridge, where it can be seen
to underlie the Botany Limestone, nor did they recognise it further
west, COonsequently the E.-W, fsult running through How Beck Head
was showa to downthrow to fhe north snd let down & block of Cesal
Measures. This has now been shown to be incorrect emd the grit of
@oldsboreugh is correlated with the Botany Grit snd not placed high
up in the Cosl Measures.

In his paper of 1938, Carruthers draws up & complete section
for the Lune Valley from the Great Limestone to the Trensgressien
Beds Grits in the western part of the ares which he calls the 'G@it
of Iron Bend' snd considers to be the equivalent of the Frst Mill-

stone Grit of Durhem. He slso includes shorter sections for the
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Bet_any Ridge and for Yawd Sike (How Beck in this account). The.
strata in his section from the Great to just sbove the Little Li_me;-
stone, teken from the River Lune abeve Blske House, is straight.;
forward enough, except that the Upper Cosal Bill 1a_ehown rather
thicker thsn the field evidenes justifies.

He continues sbove the Crag Limestone with a composite section
from Rowton @8ike (Dowecrag Sike) and Spurrig End (Borrowdale Beck),
The latter, he states, goes "elmest to the floor of the Grit Sills",
Nothing of the Grit 8ills was found in this beck and in any case it
contains & neariy perfect section right up to the Transgression Beds
Grits._ He does show that the Firestone 8111 was poorly developed,
but he did not find tﬂe'Farad‘ay House Merline Band. An expo'sure of
this at Grassholme Bridge he considered to be the Knucton Shell Beds,
which are litholegicelly very similar. The mapping evidence, which
was confirmed by thé Selset Bores,leaves no doubt that the Shell
Bed. at Gressholme iBridge underlies the Crag Limestone. This is
exposed on the surface and ‘wes thought by Carruthers to. be bands of
lime plate in the overlying shale. .

His lime plate 1s overlain by the Grit Sills and above them is
& gap before he continues his section from the sequence in Rowantree
Beck, He considers the two marine bends belew the Coalcleugh
Transgression Beds to be the Rookhope Shell. Beds, but these are more
probably the Mirk Fell Ironstonse end Lower Felltop Limestone. The
ghell bed he shows below the lower limestone could net be found,
but otherwise the recent examination shows a comparsble sequence
especially of the Coalcleugh rransgression Beds up to the top lime-
stone. This was not exposed when Carruthers visited the area, but

1t csn now be seen and has the lithology of the Upper Felltop
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Limestone. The exposure of limestone east of Iron Band which he

eonsidpred to be its equivalent is over two miles away sand esn only
be the Lower Felltop. Thus there is no evidence in the field for
placing his 'shelly sandstone' emd grit of Iron Band above the Upper
Felltoep Limestone. The former incidentally ls:not a 'shelly sand;
stone 10 or 12 feet thick' butiqonsists of one or peés;bly two. thin
argillaceous limestones whiéh, a8 has been shown shove, are prohaﬁly
the equivalent of the Mirk Fell Ironstones. The grit of Iron Band |
was thought by Carruthers to be the First Millstons OGrit of Durhem,
but it cannet be shown to overlie the Upper Felltop Limeetone end
all the field evidence points te its correlation with the Coaleleugh
Treansgression Beds. | -

With regard to the two sections that Carruthers shows for
Botany (How Gi11) snd Yswd Sike (How Beck) there cemnot be much
dissgreement ss regards éetails; end, as he says, thefe is no doubt
thet they pass through equivalent strats, However, it was unfortun-
ate that he choge How Gill for his séction as it is the one plaee
'wheré the Boteny Grit is particularlylpoorly developed and -at How
Beck Héad only the top of this grit is seen before it is faulted
up to resppefr on the summit 6f Goldsborough. The @eldsborough grit,
he considered. ss the First Millsfone Grit of Durham, lying ahqut
40 fathoms sbove the Botany Limestone of- the How Beck Head quarry.
This cannet be 80 if, as ell the evidence shows, the east-west fault
downthrows south and if the dip to the north east 1s taken 1nte
account. Proof that the Goldsborough grit lies only 10 fathoms
gbove the Fossil Sandstone comes from the small outlier of Bathe How

where one would expect the grit to outcrop if the dip remained constent
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end which 1s very close to the How Beck exposures.

Cerruthers belleved that the Botany Limestone was the Lower
Felltop and the underlﬁng Fossll Ssndetone end the Upper Felltop
Limestone of How Gill were the Rookhope Shell Beds. As further
evidence for this he claimed to have found the Coalcleugh Trans;-
gresslon Beds and Merine Beds sbove the Botany Limestons of How Beck .
Héad. The non-marine strata sbove the li.megtone » however, are not
the varisble carbonaceous sendstones of the "Goaleil.eugh Transgresien
beds, but ordinary sendstone flags, and the shelly grit a-‘pove does
not- reaefmble. the Ooalcleﬁgh Marine Beds of this area which are
generally an ironstone or muddy limestone. '

Carruthers ignores the thick grit facles of Lower Baldersdsle
which underlies the Boteny snd Yaerd Sike (How Beck) sections, 'but
to exélain the grits of the Botany Ridge he invokes two large E;N.E.
faulte which lei down the First Millstone Grit of Durham. Precisely
where they run is net known but they could only run :;hr-ough substantial
features smd possibly through solid outcreps. on the south west
gide of the ridge the grit cen be followed right round to bemeath
-tﬁe Boteny Limestone and O-a_;futhers 8till does not e’a_glain the
occurrence of a continuous grit right along the southern side of the_
Botaﬁy Ridge which is def:l.nit'ely below the limestone. The recent
mapping of the area has shown that the old. surveyors were substant-
ially correct and, indeed., the surface exposures are so good thsat
there can be very little doubt that the Botsny Limestone is well .
up in the "Millstone Grit" of Durhenm,

on the basis of the correlations which have been put forward
the strata of this srea cen be related to Bisat's goniatite zones.

There are three horizens in neighbouring aress where gonlatites have
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been found within strata discussed in this thesis:-
(1) Mount Pleasent Bore; shsles between the Undersett Chert

end Limestone; @Girtyaceras ? eostatum 'Rapreeh't and

other goniatlites refersble to g;gtxegrgs-high Po age.
(2) Swaledale; Mirk Fell Ironstones;

low Eg. |
(2) Smnner Fell; Shunner Fell Limestone;
pew cilobum-Bo. .

These occurrences and others in the Yoredeles are described
by Rayner (1953). gShe suggests from the evidence availeble that
the base of El lies between the Un-&ersett and Main Limestones;
that the top of E, is not far above the Little Limestone and the
top of E; is high up 1ﬁ_the prér I_.imestone_a Series. The base of

El seems fairly certain, though Trotter (1952_) 'ﬁlaces it Just above.
the Scafi Limestone. The top of El iis less easlily defined for not
.oniy ére there no relisble goniatite finds between the Main and the
Mirk Fell Ironstone but also, as emphasized by R_'mer, there 1s

disﬂ.a'greement as to whether Gravenoceras cgwlingense is El or Eg.

Regarding the top of By, if the Shunner Fell goniatites are accepted
At pl_aées the Botsany Lime-els__tone within 32 and so it sppeers that

gll the strata of this area were deposited in Eumorphoceras times
except for the beds of P, a&ge below the Main Limestone.
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: ~ The histery of sedimentat:l.en in
the area mapped begins in late Py times with the marine incursion
which deposited the Undersett and Four Fathom Limestones. While
marine depositlon is continuous in Swaledsle and around Bowes to

the top of the Undersett Chert, to the north snd west e wedge of
non-marine strata was laid down. Later the sea again advanced to .
depoéit the Iron Post Limestone with which the top of the}Underse-tt'
Chert 1s correlated. Above this come more non-merine rocks which

extend into Swsledale as well.

(11) ggea; Oyclethem. The Mein or Great Limestone of early

E, age is the thickest limestone in this area. It is doubtful
whether the coral band known as the Frosterly Marble can be traced
south of Lunedaie, though there is a similar beand near Bowes. The
Main Ghert is exposed near Bo-we‘s (Pigure 5) s but dissppears very
repidly to the north aﬁd west. "l‘he Coal 8ills Group 1s mainly
cemﬁeaed of slightly transgressive non-marine sandstones and ghales
but irregularly developed marine bands occur within the group.
They show that the area is marginal to the sea which in Swaledale
was deposliting continuous marine strata, with occasional lncursions

into Stainmore.

(iii) Little Cyclothem, The Little Limestone extends over
the whole ares, as does the Faraday House Marine Band, though this
may have been removed at some points by_ transgression at the base

of the overlying sandstone. The Ten Fathom Grit cen be divided




144,
into two parts by the Faradsay Hquse Marine Band, the upper part
being correlated with the Firestone 8ill of the Alston Block. The
lower part is found to pess into a thick sandstone in Lunedeale,
which is c¢alled the Pattinson 81ill, but ité relationship to the
Pattinsen 8111 of Hunstenworth is obscure. Thickness variationms
are grester than in previous cyclothems, the beds reaching their
greatest development in the _centre of the area,

(1#) Oroy_glc_lethem. The Orow Limestone of the Askrigg

Block is the equivelent of the Orag Limestone of the Alston Bloek.
Above this basal marine band the Knucton Shell Beds and Grit Sille
of Alston just reach Lunedele, the latter becoming very thick and
m&ée towards the Tees. To the south and west both groups die

out, the non-marine strata becoming much thinner end less arenaceous.

) _Lower Stomesdsle Gyclothem. The Lower Stonesdale Lime-

stone is thoughf? to be the equivalent of the Rookhepe Shell Beds of
th_e‘ Alston Block, but the correlations are less certain than for the
prévioue_ cyclothems. The thickness reaches a maximum in the centre
of the ares snd ‘_decreases to the east snd west, particularly towards

the east.

('vi)' gpge_; Stonesdale Cyclethem. This cyclothem contains

the lateral end vertical chenge of lithology from Yoredale facles

to Millsfone Grit. In genersl the cyclothem can be divided by the
transgres-é:l.on a; the base of the mixed facies of the Coalcleugh
Tranggression Beds or the grit facies of tpe Transgression Beds Grits,

h- PP ..ﬁ‘dﬂ-&«_._.,_
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‘Below the trensgression the Upper Stonesdsle Limestone is considered

to pass into the Lower Felltop Limestone of the Alston Bloek. The
‘M:!.rk Fell Ironstones of late El or early E2 age only eccur in the
western part of th.e area. Above the transgression the coals,
-pértimzlarly the Tenhill Coal horizon, are used for correlation,
though the Coalcleugh Marine Beds are useful over a limited area,
These do net occur on the Aakrigg Block norover smny part of this
area where the grits are well developed. - The Tanhill Grits of

N.W. Swaledeale ere considered to be the equivalents of the Cealcleugh
Trensgression Beds of Alston, as suggested by Carruthers (1928),

but the aectual transgression is believed to be below the Kettlepot

Ganlster and not sbove it as he suggested.

(vii) _Upper Felltop Cyclothem. The Upper Felltop Limestone

of the Alston Block has been shown to be the equivalent of the
Hearne Beck or Lad Gill Limestone of Swaledale. The strata sbeve
this basal limestone are entirely marine in Swaledale, but the over;
lying Fossil Bandstone 1s separated from the I_L_oyer marine band by a

wedge of non-merine beds in the present area and on the Alston Block.

(viil) Possil Bendstone Cyclothem., The correlations of the
béds 'a‘bpve the ].!"et_s‘sil Bendstone with Swaledele are very fimly |
based, as the sucesssion on Shunner Fell end on the Botany Ridge
are practically identicel. Thue the Foesil Grit of Swaledele 1s
'oorrelated withpthe Fossil sandstqne;_ the Water Orag Grit and
the Botany Grit are teken to be equivalent snd the Boiany Limestone
with its overlying fossil grit are the representatives of the
Shunner Fell I.‘in;é'stone of late 32 age and 1ts overlying grit.




o | Les.
The traeing of these beds to the morth is more difficalt. It is
probable, however, that the Fossil Sandstone 1s represemted by
marine beds sbove the Upper Felltop Limestone and that the Botany
Grit is the Fir:stlor Besement Millstene Grit of Durhem which tr-ans;
gresses onto the beds below. In this area this tr-ansgresion cuts
into en underly:-_lng sendstone which may be the equivelent of the
@rindsteone 8ill, The Boteny Limeéstone has never been reported
from the Alstom Block, but it 1s eonsidered that a limestone,
mapped by the old surveyors between Staindrop end Eggleston, is
equivelent to the Botany Limestone.

>
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III. STRUCTURE.

(e) General.

The Northern Pennines have been shown by various authers,
Kendsall (1911), Marr (1921) and Versey (1927) to heve remained a
morphelogicel n-:ait or stable block since early Carboniferous times.
This'unit 18 bounded en the nerth, west amd south by the Stubliek,
Pennine, Dent and Craven fault systems, while the eastern beundary
is _hidden under younger rocks. "Buring Oerboniferous times the
deposits within this unit were thip compared with those in the
regions to the nerth and south, snd the post;-Carboniferous earth
movements affected it much less then they did surrounding areas.

The stable unit is divided by the Staimmore Syncline into a
northern or Alston Block (Trotter and Hollingworth 1928) and a _
seuthern or Aakri;gg Block (Hudsom 19%8). The structural history of
the Mlston Block and its surrounding areas has 'be-er__-x discussed by
Tﬁtter and Hollingworth (lec. cit.),. Turner (1927, 1925), Shottom
(1926) end Dunhem (193%, 1948). They are in broad agreement as %o
the se(_mence of events which are -hewn'belgw in s summary based on
Punhem (1948, p.75)s- _ |
(1) @.:éiedenian'.compression in a N.W.-8.Ei direei;ion folding the

Lower Palaeozoic rocks E.N.E, with the development of E,N.E.
and W.N.W. cleavage.

(2) Early Carboniferous movement which progressively uplifted the
Algten Block relative to the Northumbrian trough slong f.he
lines of the Stublick Feult, and corresponding movements on
the 8windale Beck-Lunedale Fsult relative to the Steinmore

Area, at least in D; times. Movement may have also tsken

2
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o 148,
Plaes aleong the Crowdundale Fsult, but nothing is known of
the position of the western margin of the bleck except that
it must have been west of the Outer Pennine Fault.
Inter-Carboniferous gentle warping of bloeck.
Hercynien N.-8. compression producj.ng master joints on the

block at 060°-070° end 155°-160°9; E.-W. folds on the Alston

'-M.Bleek, the Bewcastle enticline and possibly the Stainmore

syneline. ‘

Hereynisn tension depressing the Als-t‘on Block along normal
'N.N.W, emd E.-VW. merginal faults,

Hercynian compression E.N.E., pro.duei‘n__g the thrusts of the Cross
Fell Inlier, the Burtreeford DPisturbance and tear fesults
‘morth of the Stublick Peult. The imtrusion of the Whin 8111
and related dykes took place at sbout the same time, though
this may have been slightly later than the 'mrtéeefora
Disturbance, - -

Rotation of block relative to aé;)éqent. areas producing tear
feults in the Brampton District smd N.E, folding on the block
‘st Hunstanworth and elsewhere.

Possibly late Hercynisn gentle domal uplift of block end fom—
éfian of conjugate vein-fissures, N.N.W., EN,E. and E,-W.
to W.N.W. :

Pertiary intrusion of W.N.W. tholeiite dykes en- echelon during

differential sideways movement.

(10) Tertiary uplift end tilting of the block to the east with major

movement along the Outer Pennine fault and some movement

along the Stublick Feault.

(11) . Small sideways movements in mineral veins producing post-
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mineralization slickensides. _ |

The structure of the Askrigg Block h&as not received the ssme
sttention, but Turner (1935) states that.it i1s divided into two
dissimilar halves, morth and south of Wensleydale. The southern
one 1s practically devoid of faulte or felds except in the south
eastern part. The northern one, on the other hsnd, is traversed by
& great number of E.-W. or N.W.-8,E, ore;ba-aring faults, some of
which, -.te the west, act as tears to the B_ent Line. On the northern
margin of this half of the Askrigg Block sre the Stowgills end

Middleton Tyas antlclines.

A e A iy e Ay -
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(p) Mazjor Pelds.

The Steimmore Syancline is en asymmet:pieal syncline trending
B.N.E, end pitching in the same directien, the general structure of
which has been investigated by means of structure comtours (PLate II).
The contours are drawn on the base of the @reat Limestone whose
outerop is shown, but all the principal marine bands were used as
kejr horizons for celeculating the elevation of the limestone base,
those up to and including the Oraw Limes__tone giving figures accurate
to within 50'. Owing to thickmess varistions the higher ones
give less accurate figure, end for the Upper Felltoﬁ Limestone and
sbove the error may be as mueh as 100'.

The syncline is ‘'flat bettomed' with & trough running along the
line of the River Balder 1n an E.N.E. direction, forming a belt ome
mile wide of beds dipping extremely gently te north of east, In
Teesdale there is evidence that the trend of the trough awings round
until it runs due east. To the north of the axial trough the beds
rise at the average rate of 500' per m:l.le, gently at f:lrst but
becoming steeper, until the gradieat is about 800' per mile. To
the south the average _rise is abeut 200' per mne, but this more
gradual gredient is partly due to the levelling out of the bedg
towards the top of this limb end pertly to the E.-W. Hunder Beck
Feult which repests the outcrop. Over a limited distance the dip
is as Bteep om the south of the syncline as it is on the north,

The emplitude of the syncline is about 900' on the south but
mach greater on the nerth. From the acc_qmpa_n_ying structure map it
1s seen to be &t least 1200', but if the strata below the Four Fathom
Limestone had been mapped the gontou‘\rs_ would rise to over 2000' both
west and east of Gocicl ake Side, ‘g0 that the maximum smplitude would
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be sbout 1600', es estimated by Dunham (1948, p.és).

East of the area mepped it is not easy to follew the syn_cline;
It 18 still apparent in the Tees, though it is broader mad shalloewer,
and the southern limb can be followed down the Tees below Barmard
Castle, 1ts direction swinging to the E,S,E. until it forms the
northern limb of the Middleton Tyas Anticline. The northern limb
:I.a.le.si;weasy to trace, It can eertainly be found on the Durhsm side
of thé "Tees but afte'r. a mile or two the regular southerly dip diés
out. There are occasionel asmall flexures with a southerly dip
beyond, but the streata generdlly dip fairly steeply to the north or
nqrfh e.ast. o N _

‘North of the syncline the contours drop down sherply towards
the Luziéﬁﬂe Féﬁit showing the enticlinael structures associated with
this fenlt which is discussed below. The half-dome of the Lunechesad
Mines (Blmhmt 1948, p.17) is also apparent. It is in effect a nose,
@8 defined by Nevin (1949, p.47), directed to the 8,8.E., en strata
rising to the N.N.W, - _ _

Béuth of the syncline there is a long asymetrical anticline
pitching st either end, which sppesrs to have two "highs". The
eastern one is not absqlutely ost_a'blished_ as 1t J._s.__m_a:lnly dep_endent
upon the ldentification of the limestone at the quarry (982143) as
the Little Limes’tong. However the average pltch to the east is
sgbout 90' per mile, with a steeper but smaller pitch to the west.‘
South of the Stainmore Sunmit Faults the strata rise gently south-
wards, :

The pi'tch of the syncline averages 126' per mile, but is rather
varisble. In the west 1t is ae much as 226' to ﬁhe mile, but it

become-é gentler towards the east, averaging only 65' per mile.
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Even here it is irreguler in detail, a local steepening usually
being associated with N.W. or N.N.W, femlts downthrown to the east;
This occurs in Lunedale south of the Bink House Feult, and north
of the feult in Sleightholme Beck in Rove G111 amd on Ravock.
Along a line Joining these two belts are two faults running in the
same direction, bothithrowing to the N.E. Thus there is & continuous
belt acfoss the area, trending N.W. to N.N.W., with feults or
steepening dips to the N.E. This belt finishes just north of the
River ILune; 1t does not affect the Great Limestone sbove the Brough
to Middleton-in-Teesdale road.

On the flanks of the syncline but not in the centre there is
aelso en increase of pitch in the eastern part of}the areea, It is
particularly noticesble on Orag Hill north of Deepdale where the pitch
is over 100'. in i;-a-milg snd there is also a sudden drop of all the
beds N.W, of Romeldkirk, but it is uncertsin whether this is due to
folding or faulting. . o

Hickling (1950) has shown that the average easterly dip across
the Burham Permian is between 1 in 35 and 1 in 60, a figure which is
similar to a range of 1 in %6 to 1 in 46 for the base of the Penmian
in Ybﬁkehire. He suggests that this general regionel dip extends
both to the east smd to the west. In the sfainmore Ares the general
parallelism of the main drainage towards the east sirengthens the
balief that 1t wes also affected by a similar Tertiary tilt, To
investigate the possible pre-Tertiary structure a structure contour
map (Plate IIT) was construeted after removing the regional dip,
which was assumed to be due eaat at 100 £t. to the mile or approxbmately
1 in 50. The true direction may be slightly north of east, as an

“average of the stresm directions showed that they trend in that
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direction, but this direction mekes no material difference. The
feults have not been altefed, since, though there is evidence c;f
movement along them in Tertiary times, it is not possible to estimate
their throw prior to the Tertiary uplift. )

The result of Hickling's survey was to show that the mrha_m'
coalfi.eid consisted of shallow domes snd basins, with the contours
trending east and west. The modified structural m@ of the Stainmore
Area .ehxhibits an aaymetr’s:l:cai» syncline, pitching vei'y gently at
either end, so that it is in effect a shallow basin. To the south
of this basin are two enticlines, both pitching to the west. Thus
the ﬁresant pitch of the Stainmore Area to the éast may, as with the

Darheam 'éoalfield, be entirely due to Tertiary movement.
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(c) Peaults esnd Minor Folds.

(1) @enersl. = The area mapped is bounded by the Lunedale
Fault on the north snd the Stainmore Bammit Feult on the south.
Within this area there are a number of E.;W. or B.N.E, faults, some
o'f which ext.end for more than & miles, and erossing them or branch-
ing off them are meny N.W., or W.N,W. faults.

An attempt was made to snalyse the fault directions by
eoﬂa'tfucting histograms to shoy the length in miles of the faults,
at 5° intervele. All the faults shown on the map are included
except for those 8.8.,W. of the Staeinmore Summit Fault and the
Lunedale Feult. Faults with a throw of less than 10 ft. are
excluded snd those which eare conjéetured (shown by broken J.:lnes)
heve their distance halved, so that the certain fesults have mere
effect in the énalysis. _ _

Pesks are seen in N,E., E.,N.B,, B.-W, W,N.W. amd N.W. directions,
there being reiativg’ly few faults elther side of a N.-8. line, but
otherwise not a grest desl cen be obtained from the figure. The
area was therefore divided into two parts, a western half conteining
gll those fesults which can be linked with the Dent Line an;1 including
the wﬁéle of the Lunehead Mines, az‘;d an eastern half contalning the

rema:l.iiing faults.

(11) _Bastern Feults. Two dominsnt trends now remain in the
h;iatogfam for the east of the area. They ere N.W. end E.N.E.-E.
There is a smaller pesk for W,N,W., but this is almost en_tirel.y made
up of conjectured fsults whose directions are very uncertain, It
is worth noting that the two dominarit t_rends compare very well with'

those shewn by Dunham (1948, p.66) for the Alston Block, but that.
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their direetions have shifted between 5° end 10° in an antlclockwise
direction, _ |

There are three main E.,-W. or E.N.E, feults in this part of the
area, sall of which downthrow south. The first almost traverses the
length of the Botany Ridge and though 1t is never seen, it cen be
inferred from the obvious rep_‘et.i_tion 'o__ff outcrop of the Bétény L:lme;- _
stone end Grit thet the throw reaches sbout 120°'. The old Geolog;
ical Sﬁrvey map shows two separa}:e faults connected by a short one
running W.N.W. No evidence for this was seen, and sm outcrop of
fossil shale, thought to be on the Horizon of the Boteny Limestone
in Bullhill Sike (942198), shows that the eastern portion of the
fault runs further north than they have placed it. It seems,
therefofe, that the strike fault is continuous. Ther_é may still be
the short W.N,W. f'aﬁlt becguse there is certainly a drop in level of
the Botany Limestone from Hazelgarth Rigg to Rokehole Sike, but{as
this may slso be due simply to a steepening of the pitch of i:he
syneline, the fault has been omitted from the present map,

The second important E.N.E., fault runs through How.Beck Head
where two brenches are seen. The maximum downthrow to the south
is over 100', since the Botany Grit of Goldsborough at about 1250°
0.D, is dropped below Yawd Sike which runs at 11650' 0.D., Towards
How Beck Head the displacement decreases 80 that the totel effect of
the double fault is about 60' - 70'.  The beds against the fault
ahéw the drag effect of normal faults. Eest of How Beck Head the
two feults diverge, the sopthern one changing its throw, for the
Boteny Grit on the north of Loup's Hill is some 20" lower them the

Boteny Grit on the south.
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The last important E.-W. fault is the Hunder Beck Fault. If
extends about 4 miles and is seen in thre_e bplaces. It cen be found
in Hunder Beck :ltseif where the shale overly"ing the Coalcleugh Marine
Beds i1s thrown against the Fossil Sandstone. The beds on eithér side
dip ewey from the fault. At the foot of Coal Gill emd in Crawlaw
Sike the dip is to the morth, though it is possible that the beds
on the downthrow side do turm up again close to the fsult 1itself.

The maximum thr-o-w_ is about 150', a figure which is almost reached in
both Hunder Beck and in Orawlaw 8Sike, Westwards 1t is lost under
peat, snd to the east its pos:l.t:@on 1‘3 obscure, but 1t probably passes
' south of the shale exposed in Duck Sike. There 1s evidence that it
hes more then one branch, s in the old level (919165) two smell
parallel faults were put on =the primary Geologicel Survey G;-:I.nch map,
end in Crawlew Bike there are two. faults trending N.E., the northerm
one dbwnthrowing 40' to the 8,E, and the southern one 8' to the N.W.
The beds dip in the directlion of throw in these cases.

The other mein fault direction is N,W., there being three of.'these
qil downthrdw;gg 8.W. on the Botany Ridge. Their displacements are
from west to east 50', 30' and 80' respectively, snd they have the
effect of pancell:l.ng out the pitch of the syncline along the Ridge.
one stops at the E,N,E, Boteny Ridge Reult end the other two almost
certainly cut it. The mapping of all of them is rgirly certain except
that thé ekact position of the middle one 1s 1n places a little doubtful.

Practicelly all the remaining N.W. faults downthrow to the N.E,
and are mainly agsociat‘ed with a steep dip in the same direction,

They have been ma:_ppéd in most cases to account for a considerable
drop im level of a particulsr bed, and though there is ususlly
corroborating evidence for a fault it 1s very difficult to say where
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the femlting begins and ends.

The most northerly of these N.W. faﬁlts is across i.unedale, the
evidence for which 1s as follows. West of Bink House the height
of the Little Limestone is known, fro;n both surface exposures and a
bore hole at Turner ﬁolm, to be _209' highgr than it is helf a mile
to the esast. At Turner Holm, a spring, which is reported to stesm
in cold weather, comes from the solld rodk, suggesting that the
@reat Limestone on the morth or west is feulted against either the
Cosl 8ills Group or the shale above the Little Limestone. Finally
et Bink House the Rookhope Shell B_eés, expesed west of thg’féult,
cennot be found in the shale to the east and seem to have been |
femlted down. o

Acrosg Baldersdale just sbove the reservoirs there is a similar
fault betrayed by the disappesrance of the solid features so easily
mapped north of the reservoirs, by very disturbed shale in the benks
of the Balder and by the sudden diesppeasrsnce to the 8.W., of the
san“d'si;one at Cleve Lodge. In app-roxim-atelj the seme direction =
third feult runs across the north of Deepdsle, its position marked
by a break in the features, and by a steep dip in a limestone,
eonsidered to be the Crow, in the stream itself. The Limestene
forms a small snticline, the fault cutting through the crest e'.'f the
fold, Finally there is the small feult which throws down the Great
Limestone in the River Greta and in Slelightholme Beck.

In the south eastern corner of the msp there is another N.W.
fa:uit whieh 1s rather conjectural, but there 18 a considerable drop
in l_eirel to the N.E. of all the strata. It may actuslly continue
further to the 8.E. than is shown, as in line with it there is a
gimilar drop in level of the sendstone below the Undersett Limestone
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‘at Robin Hood's Scar in the Grets just beyond the map,

Perhaps .the most interesting of all the faults in this general
direction is one running W.N.W. in the N.E. corner of the map, It
is noticeable that there is a véry great drop in level of all the
beds between the fells above the railway end the Tees, similar to
that which 18 caused by the Teesdale Psults further up the valley.
For instence the Lower Felltop Limestome drops frem 1000' 0.D. at
Waﬁyé&fr 8lke to 600' in the Teee in the distamnce of li;milea.
Uﬁdodﬁtedly there is a considerable apparent dip to the east end
this could explain the fall in level if it were not for the fact
that aii the solid outcrops end gbruptly jast abovg the railway end
that there is a feature which looks very like a re-eroded feamlt
S8CAIrD. In addition, the most easterly outerop of the Grit 8ills
ghows a sudden chenge of dip to one of 22° to the 8 W., which elmost
certaihly implies a structural d;sturbance got far &may.- To the
N.W. the Teesdale Fault lies on a direct line with this feult, but
to the S.E, mo fault downthrown to the N,E.. can be traced, though
there 1s one with a 40' throw to the 8,W. well exposed in the Tees
1tself, | )
i Tﬁe_N,NmE. fgult west of goldsborough has been mentioned in the
stratigraphy section es the old surveyors continued 1t_aeross the -
Baldeé end on te the tep 6f the Boteny Ridge, but as has been ststed,
it would then eut through more then ene marine band. Hevertheless
it does exist south of the Bslder, smd shale cen be‘seen sgainst the
Boteny Grit in Yewd Sike, mear Catty Orag Querry. Its position
otherwise 1is very‘conjectural.especiglly_at its southern end where
ite relation with other fsults is uncertain.  Another N.E. feult

crogsses the lower Balder. Its throw; shown by the cosl seam below
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the middle grit is about 20' but it extends for more thesn a mile.

There sre some small fau],te north of the Botany Ridge which do
not need detailed description, smd semé very tiny ones on the banks
of the Hury Reservoir which may be ceused by surf.ace slumping. In
Deepdale there are small_ ones trendi‘x;g__ slightly nerth of east. The
one at Stremd Foot (977154) may be longer than it eppears, as the
beds to the north of it dip steeply eway from the feult smd the
exaet location as well as the dlrectlon of threw of the fault were
difficalt to determine. Parther up Deepdsle the E.;-W. faults sbeve
Green How downthrow 25' eamd 50' r_espeetively_,_boffh being exposed in
the streesm bank, the latter as a double fault.

The interpretation of the ey:ldence near Sandy Hill compares well
with that of the old sarveyors except that sn sdditionsl E.N.E. fault
hss been mapped a8 a result of the finding of the Litile Limestone
in Gla‘égoﬁ Gill. The efreét of the other two faults 1s to raise up
the small horst of Sendy Hill,

A similar pair of faults occurs in Hunder Beck bringing up the
Rockhope Shell Beds. The 8.W. brench has been mepped with reason-
abie certainty, but the one running E.-W. has been drawn through
dfifi:jéovered cliffs to account for the sudden rise in level of the
deéi' f‘elltop Limestone which is exposed to the north. There are
also othér faults in Hunder Beck and its tributaries, besides the
mein E.-V. Hunder Beck Fewlt. The two in Cosl Gill ere rather
uncertain ss regerda throw and dire_ction, though the southern one
probebly downthrows north as the Coelcleugh Marine Beds, seen Just
upstream, do n&t eppear nerth of the fault. The long W.N.V(o fault
cen be seen in Hunder Beck where the throw is only about 12'., To
the west it cuts off the loose sandstone feature of Slates Hill,
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formed by the sandstome below the Upper Felltop Limestone, and in
Yoke 8Sike it cuts out the COsalcleugh Marine Beds snd mach of the
shaele above them,

Compared with the old survey map, there are = few additional
faults, but meny have been removed. Though there are one or two
small faults whose existence ceannot be proved or disproved, the -
majority of these alterations-cqn be ;ustifigd on stratiﬁraphical
grounds, the changes belng due to a more detalled understanding of
the stratigraphy then the old surveyors possessed. For instance,
the fsults on the east of the area, which they inserted to explain
a s;tuéfion which has now been shown to be & lateral change from a
grit to a mixed facies, have already been mentioned in the strati;
graphy'chqpters. shnilarly, the throw of the How Be§k Hesd fault

in the-bpposite direétion was due to a misunderstanding of the

pééifién of the Fossil Bandstone. The primary surveyors introduced

a N.E. fsult north of Crawlaw Rigg to explain the disappearence of
_ thé fééture formed by the ssndstone of the Coaslcleugh Transgression
Beds, but as this has now been shown to lems out in a few yards

in Hunder Beck the fsult has been omitted from the present map.
é@uth of Bowes two smell feults are shown on the o0ld map, but no

evidenece for them could be found. The drop in level of the Under-

sett Limestone needs only en apparent dip to the north of less than |

4° and yet dips of up to 45° cen be eeen in the Undersett Chert of
Chert Gill.

(11i) Dent Line Faults. The histogram portiraying the fault

directions associated with the Dent Line shows that the majority of
feults lie between N,B, snd W,N.W., the importsnt N.W. trend of the
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esst of the srea being absent. If these fault directions are

div:l.g'led further into three parts the results are more si@if:leant;
The average trend for the Lunehead Mine Faults is Oéo", for the
Borrowdsle to Balder Beck Faults 076° end for the Stainmore Swmit
Paults ]JQS°. In other werds, there is a swing in a clockwise
direetion from north to south., |

The mineralization pf the Lune Head Mines has been .des'cribe‘.d
bynﬁ:hem (1948, pp.316-318) and much of the mepping was dependent
upon information obtained from his Minersl Survey 6" map sheet
(Yorks. N.R, & 8,E.) as it is no longer possible to go underground
owi.né to & blockage in the Main Adit Level. The main effect of the
fauiting 1s to produce two troughs "agparated by a relatively up-
1ifted block. In the northern trough Goal Sills are let down
betv}ééﬁ the Great Limestone, but the faults bounding the trough
ceaie-éce end a single fault downthrowing south east continues on the
Yorkehire side of the county boundary. The morthern famlt of the
southém trough throwe about 100' at Dgaﬂinangill B‘ri-dgela-nd when
eon’éihued. into Yorkshire as Wensley Vein }st;l.ll has. a throw of over
60' before it gives off numerous brenches, all of which are minersl-
1:0&-.”' The southern féuit of the ,trougﬁ has a throw, calculated by
punhem from mining informstion, of 96'. This is reduced to %0'
in the twin branches of Cevern Vein, while in Little White Vein,
which is in a direct line with the fault, & throw of 4'6“ to the
61.-11;11“415 recorded. The effect of these two r_na:lr-l faults in Dowcrag
Sike is to cut out the Coel 8ills and lower part of the Little Lime-
sto'né end to repeat -the outcrop of the Firestone 8111 and Graé Lime-
stene.. In Westmorland there are in addition two N.N.W. faulfs

thro;r:lng west.
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Much of thg B,orrewdale to Balder Beck faulting has already been
described by Turner (1935) » and on the whole the present re_;survey
sgrees with Tarner's mapping. He_)wever,_ a more detaileg e-xaunin;-
ation of the stratigraphy and the éontinuation of the msapping into
Yorkshire have produced some modifications in the fault pattern.

The most importent change is the continuation eastwards of the
down-Taulted block or graeben some distsnce into Yorkshire. The
north eide of the graben, at the junction of Birkbeck Gill with
Borrowdsle Beck, is a single fault throwing the Upper Stonesdale
Limestone agalnst the Orow Limestone. ‘Thus the throw 1s sbout 110'.
In e westerly direction the fault cuts through all the strata dewn
to “the._ Four Fqﬁhom Limestone, though the throw is reduced. However,
two brenches sre given off, both. throwing to the seuth so that the
overall effect is much the seme. _ There is some ell:ght disagreemenﬁ“’
with Tﬁi’ne;r as regards the exact pesition of théée two side branches.
For. inét.ance, the present survey shbwed no grounds for throwiné down
the'I;:l“ttl‘e Limestone in two stages and so both the brench faults are
now showa to join with the main feult below this horizon. In
a.dditi;)n, the southern brench is considered to join the main fault
below the top of the Lower Coal 8ill as on Turner's map ﬁ appears
to p'a"ss through the wéll developed grit feature of the Lower Conal
8111, | C

At the junction of Birkbeck Gi1l with Borrowdale Beck, an E.-W.
feult crosses the E,N.E., feult, the latter continuing to Jjust beyond
thé Ooﬁnty Boundary. The mapping of these faults is based mai.nly _
oh the btracing of the fossil grit below the Upper Stonesdale Lime-
stoxié, but the throw can also been seen to affect the 'L’ransgre-.seion

Beds Grit. The E.~-W. fenlt is conjectured through Mile Rigg Moss,
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but between Balder Beck, where the Fossil Sandstone outcrops, and

Black Beck, where Transgression Beds Grits sare ekposed, a feult
must occur throwing south, and this can be continued across Black
Beck end & short way down the River Balder throwing down the Upper
Felltop Limestone and thencoalcleugh Transgression Beds. The
Upper Felltop Limestone is not exposed north of the fault though

its position is inferred from the underlying nen;marine beds. This
fallure of the Upper Felltop Limestone to outcrop on the north side
of theAfault, end the irregular nature of the shales snd ssndstones
of the Coalcleugh Trensgression Beds, mskes the tracing of the feult
very difficult, but it appears to have two branches where it crosses
Black Beek, the northern one possibly continuing further than is
shéwn 6n the map.

r v'fhe fault on the southern side of the grsben was shown on
Turnef}s msap to'etart_juat below Borrowdele Beck, throwing down the
Fb;f‘ﬁﬁihom Limestone to the N,N.W. and eontinuing.through Whem
Mouth until it met a 8.B, fault which ran from the north side of the
grabén; No positive evidence could be found for this S.E. fauit,
though, unlike the 0ld surveyors who drew a similer fault straight
through a large feature, Turner places it aeross low lying ground.
However, the finding of the Fossil Sandstone in Balder Beck mekes
ité-exiétence most improbable, as a fault at this point would
necessitate a repetition of the succession through the Transgression
Beds Grits between this S.E., fault end the Fossil Ssndstone and
there is no evidence that thick grité oecur thére. This fault hsas
therefore now been omitted and in addition a break is shown in
Turner's continuous fauit from Borrowdasle Beck to Wheam Mouth as,

when the Great Limestone and in particular the coarse Lower Coal Sill
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are followed below Low Crag into the beck sbove Penistone House s they
cen be seen to drop in level to the S.E. This makes a fault, down;
throwing north, improbable north of the beck. Instesd a fault has
been drawn in south of the beck which throws up the strata to the
south, and this fault can be traced past Longcrag House up into the
Transgression Beds Grits. Near Longcrag House the main fault starts,
continuing through Wham Mouth into Balder Beck, Its direction is
meinly detenn-ined by the mspping of the Tremsgression Beds Grits

but sendstone is seen to be feulted against shale at Wham, Beyond
the County Boundsary the Fossil Sendstone i1s found to be downthrown to
the level of the Upper Felltop Limestone, “the oﬁ’ﬁcrop of which 1s
repeated in aGreat Ayglll 8ike.

There are also some minor faults in the Balder Beck area. One
n;.:'ne N.W. gcross the main E.-W. fault in Balder Beck throwing down
the Fossll 8andstone and Upper Felltop Limestone to the 8. W,

Anoihex; feult cuts across the outerop of Upper Felltop Limestone in
Stony Bike probebly upthrowing it to the 8,W, Near Red Gill Moss’

.3 fhird fsault throws up the sendstone below the Upper Felltop Lime-
stone againet a limestone, which, though only loose pleces were found,
15 co"nlsidered to be the Upper Felltop.

Near Cumpstone House & ;sma-ll;er graben is dropped down as
described by Turner. The northerﬂ fault is mineralized and extends
from below the Four Fathom Limestone to sbove the 'Orow Limestone,
but does not appear to let down Lower Stonesdale Limestone. The
southern fault is shorter, meeting the northern fault before it
reaches the Little Limestone. At 1ts western end it 1s cut by a
N.N.W. fesult which throws down the Four Fathom Limestone te the

west.
A emell fsult st Slapestone Bridge downthrows the Four Fathom
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Limestone to the west but does not penetrate the Great Limestone,
and near Brown Csstle another larger fault throws down the whole
succession from the Great Limestone to above ‘the Little Limestone
in = westerly direction. Beside the main road the Great Limestone
1e seen to be at a higher level on the east side of the feult thsn
the Tumbler Beds on the west, end a similar drop in level occurs to
the Ceel 8ills feature snd the Little Limesténe. This feult has
been joined to a N.E, fsult running persilel with Yard Sike. -The
leatter fault is less certain as the drop in level of the Ten PFathom
Grit towards the N.W. could partly be explained by the steep dip in
that direction which is clearly seen néar the 0ld Quarry (_8'76158).

In the 8.W. corner of the map some fsulting is shown, but as
no difference was found between Turner's msp snd description snd
the present survey they will not be discussed and are not included
in the étatiti cal analysis. However, i1t should be mentioned that
the Olattering Fault, seen on the map at Glétteringdike Nook, is =&
8.E. feult downthrowing N.E. snd extending into Yorkshire; thus
forming the south side of another graben whose northern boundary is
the Staimmore Sammit Fault,

The 8teinmore Summit Fsult starts west of the present map at
Low Dowglill end cen be followed below 8lapestone to Palliard Scar
where the beds on the downthrown side dip eway from the fault.
400 yards to the E.8.E. it runs through the Great Limestone, but the
beds on the upthrown side dip at 40° away from the fault., This dip
persists some distance to the east, it being seen egein in the
stresm below the Great Limestone guarry on the road where the Tuft
Sendstone north of the fsult dips steeply away from the Tumbler
Beds on the south.
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The fault is a&gain exposed in the reilway cutting on the summit
of the pass throwing the fossll sandstone of the Lower Ooal 8ill
egainst the Great Limestone, but beyond The Summit a branch diverges
towerds the 8.E. downthrowlng to the north. The result i1s smother
graben. The o0ld Geological Survey mep shows the grsben extending
only ebout 2% miles, but the evidence of the present survey suggests
that the northern fault eplite into two brenches, one of which cen
b:”ﬁ;i'iowed as far as Bl.eié'htholme Beck. Between the County Boundary
and &réill Oott'a’ges the Little Limestone eand Upper Coal Bill are well
exposeﬂd in the headwaters of the River @reta, with the Main Limestone
on fhe' slopes sbove on the upthrown slide of the feult. Beyond |
Ayg:l.-ll”ucottages fhe tracing of these northern faults is more diffi-
cult.' In the River Greta below Spital High Cottages s carbonaceous
s-éndstone which is probably at the top of the Lower Coal 8ill was
feund quite close to the. Main Limestone suggesting that a feult runs
between them downthrowing south. In sdditionm in the beck (9%2114)
theré is a limestone considered to be the marine band above the
Lower Cosl 8111 which dipe to the N.W. at 4°.  VWhen this dip is
p_rbjeeted it should outcrop nesr the carbonsceous sendstone. Yet
the Main Limestone outcrops in the bed of the River Greta :;t the
same‘ ie;el just to the north., Thus the evidence seems f,airly
conclusive for continuing the northern brsnch of the Stainmore
sgmmit Peult in its originsl direction beyond Aygill Cottages.

There ere, however, two brasnches of this northern fault. For
the other one there is little f:onerete evidence except that beda'up"
to the Orow Limestone sre exposed to the south of Ayglll Cotteges
gnd 1t is not possible to "e.thpl.ain the occurrence of the_.mari_ne band
gbove the Lower Cosal 811l at the seame height just to the north
without s feult between them, Beyond the boundary of the map this

B T T .
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Lower Felltop Limestone is downthrown mgainst the Four Fathom Lime-

st?ne glving a displacement of about 650' at the bridge, but just
beyond the map on the Durham aide. of the River Tees the throw is
increased to over 750' for it appears that the Fossil Sandstone is
brought against beds below the Great Limestone. The fold structure
here is of interest for though the general dip is towards the south
or S.E..‘ , neér_ Eggleston Bz;:l.dge there are two small anticlines, the
southern one a rather genth flexure, the northern one very steep,
énd the fault runs through the crest of this..steeper anticline.

‘The I.uhedale Feult zone cen be traced into Durham where, in the
' nelghbourhood of Ferryhill, it is known as the Butterknowle Feult.
Hickling (1950) states that the Butterknowle Fault affects both
Pemian. and.coal Meagure strata. A consideration of the structural
niai:a v&hicﬁ accompany his psper shows that the adjacent folding
esentially eonéist of two snticlines with the fault downthrowing
south snd running through the intermediate syncline. The form of
the folding and the displacement direction of the fsult are the
same I:or both pre-Permien and post-Permiean movem.ents,‘ though the
effeet of the former was greater. Thus the finel result is the
gum of the two movements. '

This pre-Permisn and post—coal Measure displacement of the
fault to the south would sppear to contradict the general view
(mhham 1948, p.75) that the Alston Block was depressed relative to
surrounding areas in Hé'rcynian times, at least as regards the
Lunedalé Fault. ~ However, a closer inspection of Hickling's map
of the pre—Permian stmcture reveals that though the fault itself
throws to the south the effect of the adjacent folding is to raise

the strata towards the south since both of the anticlines have
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steeper northern lim'b_s. Thus the total rés_ult is to depress the

strata north of the zone of faulting snd felding.
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(d) ~Minerslized Veins.

Minera_li_zat-ion in this area is mainly confined to the Lunehesd
Mines which are deseribed in detail by Dunham (1948). He shows
thet the mines contaln barite, some witherite, galena and aragonite.
No fresh informatlon cé.on_cerning the mineralization was obtained
d‘aﬂng the present survey in spite of modificatiens to the strati-
graphy made.dur:lng the mapping.

| El sewhere, the only mineralized veins sre 'at Cabbish Mine and
in Hunder Beck. At Cabbish Mine several veins containing barite
snd galena were penetrated by adits (Wilson and others, 1922) but
their exact locatlon could not be fixed from the surface evidence.
One of the faults, the Cabbisgh Vein, is certainly niineralize@ end a
great desl of barite was found in the stresm north of the fault
which runs N, E. through Longerag House indicating it may also be
minerali zed. | ) o

The long E.-W. Hunder Beck Fault is minersalized for }-e-mile
west of Coal Gill and a 1ittle barite was found at the surface.
0ld levels were made on ei'the;' slde of the mineralized part of this
feult, ﬁut it is unlikely that they were aucce'-_ssful g8 no loose ore
could be found around their entranees. On the 01d Beries Geologiecal
Mep 102 S.E. & short vein is shown trending E.N.E., just north of the
junction of Coal @Gill with Hunder Beck. No evidence could be fouzid
of this vein or of any workings at this point and it was not shown

on. the primary 6" map. \

az
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(e) Jointing,

Though the rocks in this srea are not well enough exposed for
a really satisfa.ctory exsmination of 1_'.113l Joint directions, an
attempt was made to record the diréctions of Jjointing in the lime-.
stones. No ’Joint directions were taken f’or. sandstope-s or shale as
they were usually found to curve wér.y rapidly. ExPosurés of a
minimum area of 4 sguare yards were used for the J.imesfo-nes, the
distance aspart of each record being at least 20 yards.

All the joint directions taken were plotted on the structural
map, ugiﬁg 10° intervels, and they are also shown in the histogram
(Figure 17) at 5§° intervals. 4s the result for the total showed
.no significent trends, - ‘sttempt was made to sub-divide the joint
records in the éxpectation that the dominsnt trends might cﬁange in
different parts of the ares. The result was not very successful ,.
no dofninant directions dccurr:lng in any of the separate histograms.
In the Lunedeale 'and Windmore End area, however, there 1:s 8 tendency
for the jointe to concentrate in N.N.W. end E.N.E. direections, '
similar to the dominant joint directions found by Dunhem (1933).1n
the Grest Limestone of Weardale, bﬁt they spread over a much wider
angle. .

The remaining frequency curves show. three main directions of
jointing, two st right engles, end the third approximately bisecting
the.a-ngle between the other two. In the centre of the areé the
difecfions are N.-B.', E.,-W. and Just west of N.W. .In the Crow
Limesto:ie of Deépdale they are N.W,, N.E. with some covering a
broad angular renge around E,-W. In the Greta River, the Joint
directions on the Main Limestone lie mainly between N.N.E. and ¥.

end between N.N.'W. and N.W., with a large number around W.N.W.
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Al though nothing very definite was obtained about dominant

Joint directions, 1t is si"gaifiéant that tﬁere is en aebsence of
jointing between 010° emd 026°. Dunhem (1§3.’5) following the
hypothesis of Wager (1931), considered that the joint directions
ere symmetrically disposed about the di;xfect:l,é_n of maximum pressure.
From the evidence of the E.-W. Bewcastle Anticline which is slso of
early Hercynian age, he concluded thet the general direction of
pressure was north-south. Thus the absence of Jointing 1n a

NeN.E. direct:lon, but its presence in a ]H.N._W. direction confirms

th:l s opinion.

T
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(f) Discussion. °

8ince the strata mapped in this a@res lie almost entirely within
one zone of the Namurien, the structural history of the area can
only be considered by relating i1t to surrounding districts. The
sequence of events in these districts was given sbove (p.l47).

During esrly Carboniferous times the Alston Block was uplifted
relative to the surrounding districts, shown by deposition'of 1
beds south of the Swindale 3eek Pault, while north of it no beds
earlier than 8, have been found (8hotton, 1935). This relative
movement aﬁpears to havé continued during Eumarphoceras;zone times
as the total thickness of strgta is considerably greater than that
deposited on the Alston Block., This is clear from the comparative
sections for Alston and for this aresa shown in Figure 16. The '
figure does not bring out the thickneqa differences between the
Stainmore Area and the Askrigg Block as the N.W. 8Swaledale section
is very generslized, but Rowell (195%) has produced evidence for a
siﬁilaf decrease in thickness towards the south.

This conception of the Staimnmore Ares as a trough between the
stable blocks of Alston snd Askrigg is further emphasized by the ]
abséhcé of any definite direction of Joints in the limestone of this
srea. It is true that Wager (1931) was unable to find constent
Joint directions in the rocks above the massive facles of the Great
Scar Limestone north qf the Oraven Faults, but Dunham (193%) shoyed
gquite clearly that the Joints run conslstently in the Great Lime-
stone on the Alston Block. It is probable, therefore, that while
the rigid mass of the Alston Block was fractured along definite
planes, the regular Joinf pattern gradua;;y disappeared in the more
fleiiﬁle”stainmore area, though in Lunedale the Jjoint directions
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still resemble those of the Alston Block, and there is throughout

the area & conspicuous ladk of Jjoints in the N,N.,E., direction,

Apart from the formation of master Joints, this N.-8. ebmpres;
sion had little effect on the Alston Block, slthough some small
B.~W. folds were produced. In éhe Stalnmore Ares an asymmetrical
basin was formed in the north with an elongated dome in the south.
Other E,-W. folds were formed on the Askrigg Block, for exsmple
aiong‘the north side of Upper Swealedale,

Following the depression.of the Alston Block relative to
surrounding ereas, E.,N.E, Eompression produced the thrusts of the
Cross Fell Inlier and the Burtreeford Disturbance. The Cross Fell
Inlier thrusts are beiieved to be the continuation northwsrds of the
disturbences known ss the Dent Line (Turner 1935), which in a
restricted sense is & belt of vertical end inverted strata running
from Wharton Fell, 7 miles.south of Brough, to the Cross Fell Inlier.
West of the present area at Low Dowgill beds of the Dent Line are
so strongly folded that Turner (loc. cit.) considered that the rigid
block 6ffered exceptional resistance at this point, which seems to
imply that the Stainmore Area is still part of one of the stable
blocks. It is apparent, however, that the Dent Line has here'been
pushed to its most essterly point, and it is suggested that the
Stainmore Area may have moved east relative to the more stable areas
until the drag effect of the resistance to the north and south
prevented any #urther movement, the inverted strata at Low Dowgill
being due to the concentration of pressure at this point. The
faults described above ae 'Dent Line Paults' scted as tears, as
Turner says, tﬁe irregularity of th; dips near the fsults showing
that at some time the beds were affected by considerable horizontsl
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stress.

The case for concelving the Stdinmore Area as & less rigld ares
than the Alston Block is weakened by the sbsence of sny structure of
the size of the Burtreeford Disturb;nce. This 1s an east-facing
moncline, probsbly caused by the same E.-W. compression which
produeced the Dent Line. It is possible that the N.N,W. Zone of
- folding snd féﬁlting downthrowing E.N.E. in this area is & similar
structure. This belt, however, does not affect the Great Lime;
stoﬁe_north of Lunedele end it appears to be a tension structure,
the feults being norms&l snd the félding'mueh more gentle thean that
of the Burtreeford-ndsturbance. Its position is east of the
Buf"tﬁre.eford Disturbance, though this displacement could be csused
by a lateral shift of the Stainmore Area slong the Lunedale Fasult.

The age of the eastern faults is difficult to determine.
Evidéhce from the Alston Block suggests that the Whin S8ill shows
no relation to previous structures except to the Burtreeford Dis-
tuﬁbéndé and the Lunedalé Fault., The eastern Taults having similar
trends to those of the Alston Block are probsbly related to them emd
can therefore be considered es post-Whin 8ill emd pre-mineralization.
In this aresa the Hunder Beck Fault is siightly‘mineralizad; snd
Dunhem (1948) suggests that the mineralizetion is probsbly late
Hercynlian, though the possibility of a Tertiary age of the deposits
(Trotter, 1944) must not be dismissed. No further evidence of the
age of mineralization was discovered here, but 1£ is thought that
the eastern faults are distinctly esrlier iham the final Tertiary
uplift, for the following reason. |
The most striking difference between the Dent Line faults and

il

the eastern faults is their relation to the topography. Every gsap
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in the Westmorland scarp is directly due to faulfs in the s0lid rock.
A greben runs sleng the Lunehead Pass, a single fault contiziuing
into Yorkshire; there is a feult running aéross the low;-ly:lng ground
of ghot Hoss. Both Birkbeck Gill snd Wham contain mmjor faults
end the Steinmore Summit Fault follows the lowest part of the pass.
Between these bre_ak_s the searp is continuous and exposure of rock 1s
80 go‘o'd that 1t can be clearly demonstrated that no _fati_lts exist,

'I'he only exception is Yard\ Sike which runs down a gep north of
Beldoo Moss. It is possible, however, that the N.E. feult shown on
the map does continue farther to the N.E., no exposures being visible
in that direction, _. |

In contrast, the eamstern feaults play a very minor part in the
topography. It 18 true that they cause minor bresks in fhe features
'but t_ﬁe major topographic outlines of the area sre eompl.etely |
1ndepéhdent of the faults. There is not a single stream, even if
its pr;glacial course 1s considered, which is influeneed by the
faulting. Th‘efe maj be a tendency for the faults to eppear more
frequéntly in the sti-eams, but this is due to better exposure, the
drift; covered ground between the streeams hiding many unmapped faults.

Th-:ls difference between the influence of faulting on the topo-
graph& in the two parts of the area may be partly due to the relative
steepness of the slope overlooking the Eden _Vglley, the short swift
stresms cutting down more repidly along the fault linmes than the
more gradusal stresms to the east. Nevertheless this explanation
alone is not entirely satisfactory, mainly beceuse, as Fawcett (1916)
showed, the passes were formed by eastward flowing streams, the
heasdwaters of which were later captured by the steeper ones flowing
down the Qcarp. In post-Trisssic times, (Turner 1985), movement took
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place slong the Dent Line raising the country to the east relative to

the Eden Vsalley. This movement is certainly post-'rr:l&ss:lc and

" presumably 'rertiary. ‘ It uppears that it also took place aleng the

Heroyn:l.an tear :E'aults of the present srea, producing ‘the series of
down-faulted blocks already desc_:;jibed_.ﬂ ~ The _d;:giggge to _the west
concentra:ted_ along f.he fpeshly mgd; fault 11._nes, as did the easteriy
flowing streeams in the wagterh_pa_rt-' of the erea, ‘but in the centre
md’eastem pért a series of parmllei cohsqquents app-eare&, flowing
in the directlon of tilt of the block snd quite unaffected by older
fenlts, whose fault pl_anga had either _cons-_élid_ated or were hidden by
strata, probebly Permian or Mesozo; c, whié,h were unaffected by the
foults. - '
| Thus the tectonic history of th:ls_ aréa_'begins in the early part
of the- Lower Carboniferous with mqvement- along the Lunedale Fault
dropping the Stainmore Area relative to the Alston Block, The N.;B.
Hercynisn compression which followed folded the area into an elong-
ated basin in the north with a corresponding shallow dome in the
south, the formation of joints being very i_rre_gular compared with
those of the Alston Block, Later pressure in sn E.-W. direction

' produced tear faults diverging from the node of the Dent Line in a

fan-w-ise direction, but produced no folds with a N.-8. axis,

During late Hercynisn or early Tertiary times the faults of the
eastern part of the area were formed, to be followed by a regional
tilt towards the east along the lines of the Hercynian tear faults
associated with the Dent Line. - '

| The evidence of the Joint directions and eedime_nta_t:lon suggests
that the Stainmore Area was less stable than those ereas to the

north and south. It cennot, nevertheless, be regarded as a trough
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comparable in scele with the Bowland and Northumbrian depressions
respectively aouih snd north of Marr's Riglid Area. The inversion
of the beds of the Deat Line at North Stainmore and the absence of
sny folds in a N.-8, direction suggests that considerable registance
was offered to the E.-W. pressure, thoug_h this apparent rigidity
could be due to the protection provided to tiae Stainmore Area by
the two sfa’bl-e blocks on elther side.
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IV.  TERTIARY, PLEISTOCENE AND RECENT,

(2) Pre-@lacisal.

It has been suggested b.y.fl‘rotter (1928) that the Stainmore A:t"ea,
in common with the Alston B'lo.ck, was probably covered by-a' consider-
able th:lckness.of Mesozoic deposits. These were remo_véd during an
early Tertlary cycle of erosion which reduced the area to a pene-
plain, and it was on this péneplain-that the present drainage was
initiated. , The drainage of the Alston Bl.oék formed a se’mi;-rad'ial
pattern, but in the Stalnmore Area & set of pargllel flowing streams
trending Just north of east were ‘develolaed. This difference in
drainage pattern in the two aress may be a reflection of the effect
of the Tertisry uplift which in the Stainmore Area was probably a
simpie tilt to the E,N.E. Trotter also considered that the pene;
plain was direetly connectegl with the structure and that, therefore,
the uplift of the Alsfon Block was later than the formation of the
peneplain., However, Du.nhan (1948, pp.64-65) has shown that the
suppbsed peneﬁlain (the existence of ufhich he does not consider
proved) cuts scross strata from the Middle Limestone Group to .the
Cosal ﬁeasures. Therefore, though there may have been movement
since the peneplain was formed, the doming 6f the Aist@n Block was
earlier than the formation of the peneplain.

‘The investigation of this area has shown that the formation
of thé Stainmore Sy'ncline‘ was pre-peneplain, since the form of the
syncline has little connection with the topographical depression
of Stainmore. The apparent similarities in the cross section of
the Great Limestone and the peneplain which Trotter (1928) shows

across the Stainmore Area are due to &n incomplete understanding

A
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of the rock structure.

Howeve_r, the tilj; to the E.N.E. was evidently later th;ﬁ the
peneplain,. as the pre-glacial drainage can be interpréted as a
series of parallel consequents developed on a peneplained surface
which had been tilted to the east.

'ﬂ;e eourses of the pre—glac_iai streams are not easy to follow
in en area which was later so qxtensive_ly_ _'cGVered by glaciers, but
it sppears that the River Lune, Deepdale snd the River @reta still
epproximately follow their earller courses. Above the Grassholme
Reservoir the River Lune may ha_ve originally followed a course
south of its present position, and below the reservoir it may have
run more 1'10 the north than it does now, but no pre;glacial channels
were seen to prove this. o

The River Greta and Deepdale, particularly the former, seem to
have been 80 thoroughly eroded by ice that all traces of any pre-;
gl aéiél chsnnel have been removed. This 1is evi_dent .frem the
continuous outerep of solid roeck down 8leightholme Beck and aeross
the River Greta to Rovegill and Sealgill showing that no pre-glacial
channel occurs across the valley. _

A pre-glacial channel can be traced below the Hury Reservoir
in Baldersdale. It is south of the present River Balder and 1s
epparent from thick deposits of boulder clay in the banks of the
river just below thé reservoir embankment. Below this point the
present Balder runs through solid ro.ck, but due emst, in How Beck
and Oamond Beck, there are bresks in the roclé outcrop where only
drift cen be seen, thus showing that there once was a channel,

running due easst, which was later filled by drift.

Above the Hury Bmbankment it is not possible to trace the
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pre-glacial Belder, but as the present river above the reservoir
runs through cliffs of solid rock it must have been well sbove the
level of the present vselley. Thus it does not appear that the
Balder was a very important stresm in pre-glacial times. A stream
which was at least of equal strength was one which followed the line
of the prééent Hunder Beck.. Its course can be seen in Hunder Beck
1tself just sbove the junction with Mawmen Sike. For about 150
yérds éiacial drift forms the walls of the gorge on either side

of the stféam, in contrast to the cliffs on elther side of this
stretéh where over 100 ft. of solid rock are exposed.

This chennel cen be followed in en easterly direcfion between
Goldsboroﬁéh end Yawd Blke, south of How Beck Head and the grit of
Loup's Hill, At this point there is a bresk in the continuous
outcroﬁ of Boteny Grit from Here Crag to Loup's Hill of 250 yards
markihg'thé old valIeylline._ In Hpnder'Beck the pre-glacial river
bed is lower then 1075' 0.D., & height which i below the probsble
level 6f the pré;glacial River Balder at sn equivelent point to the
north. The reseon for the dominsance of Hunder Beck over the River
Béideé in pre~glacial times is that its heasdwaters included the
present Tarn Gill end Crook Beck. Fawcett (1916) shows how the
steeper western streems of Swindale Beck snd Augill Beck captured
Ténn 6ill snd Crook Beck respectively, both of which he consldered
hed flowed into the River Balder. It is much more likely, however,
that they at one time flowed into Hunder Beck since the present
Belder is # late-glacial end post-glacial phenomenon which was
deveigbed after the Burners Hills lake had blocked the naturel

dréiﬁéﬁé of Hunder Beck.,

féweett has also shown that at one time the River Tees flowed
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to the east down Langleydele snd he considered that a subsequent

of" the Greta captured it in pre-glacial times and so formed its
present course south of the Eggleston gap. He seems to imply

that the pre-glacial course was identical with the present one, but
this is most unlikely. At the junction of the Balder with the Tees.
they both cut down through high cliffs of grit. Just upstreasm from
theijﬁnction the Balder flows through very thick drift deposits.
Whether these drift deposits have filled in a glaclel or pre-glacisl
chanhéi, it is most improbable that the post-glacial river returned
to & pre-glacial course, cut in solid rock, to the east. The reason
for thinking that the Tees had a pre-glacial Eaurse in the present
valley is the lack of wind gaps east of the Tees for the rivers
dréining the Btainmore area, and not the relative maturity of the
present course of the Tees below Eggleston Bridge, as Fawcett
suggests. The actual course ﬁust have been 8.W. of the present

one, but its exact position is impossible to determine,
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(b) @lacisl.

(1) General. The two main factors in the glaciation of this
area are the Teesdale glacier coming from the high ground around
€ross Fell end the ice from the Vale of Eden which crossed over the
low ground of the Btainmore Area into East Yorkshire, Dwerryhouse
(1902) hes shown that at one time the Staimmore ice caused the
Teesdale 1ce to be deflected into Weardale, but the evidence which
hafs“}”n‘éen collected during the recent survey of the Stainmore area
suggests that theugh the 8talmmore ice may have been the dominent
oné most of the time, there were pgrio.ds when the Teesdsle ice |
prede'niinated. It is this relative- dominance of one ice stresm
over another which is the main theme in the history of the glaecis-
tiom of the Middle Tees.

(11) Lunedale. Dwerryhouse (1902) has described how the

Luhed;ie ice caused the formation of a series of glacial lskes on
the morth side of the valley linked by lateral overflow channels.
Thege wei'e mainly outside the area surveyed, but an overflow
channel north of Sleight Edge, with a gravel fan Just to the east,
was noted, which marks the eastern mergin of this series of lakes.

Lunedsle is covered with drift more extensively than any other
velley in this ares, show:l_ng that this was probably the moét
1m5por'éant of all routes for the Edenside ice. This came from the
direction of Lune Head Moss which haa- thick drift deposits, snd not
over the Lune Head Pass where no drift deposits were found.

on the south side of Lunedsle, on the Botany Ridge, there are
some overflow channels. There is a boss-ible one east of Harker

Hiil- ai: 1200 O.ED.. , and two more certain onres running eastwards at
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Toddyshaw Hill and Beil Hill. These ere at 1175' 0.D, and 1150

0,.D. respectively snd@ therefore gre similar in alt'itude. to &
spectacular serlies, well seen from the Woodlands road, on the *
opposite slde of Teesdale. Though a thorough survey of Teesdsale
may modify this view, it seems probable fhat these cheannels were
formed by lakes 'eolleeting either side of the Teesdele glaéier which
o't;sntﬂri;c—:'ted normal drainagé. The relative ineignificance of the
channels west of the Tees suggests that a glacler was still filling
t.hé bottom of Luhed-ale, but that it was less powerful than the
Teesdele ice. They may be & little later then the lake serles of
north t.unedale end were formed not long before the flow of ice down
Lunedsle ceased, for at 1050' 0.D., on Basil Hill, there are & great
number of Whin 8111 erratics. It is most unlikely that these were
deposited by the Edenside ice since, though Whin 8111 erratice were

carrie_d*. by it, they were rare. It seems certain that they ceme

s er oy .

from further up Teeadale, for Just across Lunedale there are
oxiéﬁé‘ive Whin 8ill outcrops. Thus the Teesdale 1ce- mist have
eonﬂmied later than the Lunedsle l1ce which would have removed the
blocks hed it been sbove that height at a later date.

si:l.'i) Baldersgdale. Like the whole Stainmore area, Balders-
dale- ﬁas at first completely covered by ice, even the highest hills
on its flemks have thin coverings of drift snd en erratic of the .
Borrowdale Volcanlc Beries was found on Goldsborough. However, thg
most inferesting_ glacial phenomenon in Baldersdasle ere the irregular
mounds, called Burners Hills.

Tﬁe-se consist of a number of small rounded hills, extending

gbout ﬁalf a mile in each direction, with steep greassy slopes.

B me e A s
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Undoubtedly they are glacia; features, but the nature of the

meterial which forms them is difficult to determine. On the 61d
Geologlcel Survey Masp they are labelled "send and gravel" snd this
may be true. There sre only a few poor exposures in the hills,

but no glaclated boulders, as normelly exist in boulder clay, were
found., Instead there 1s a great desl of angular rock, mainly sand-
stone, suggesting the deposits of a glacial leke.

Their height is considerable, for they rise to over 1*00 O.D.
which is well above the surrounding country snd is an altitude only
surpaésed by the tops gf the ridges either side of Baldersdale.

Thué the lske must hav? extended right acrogs Beldersdale, the
dreinage of the area being blocked by the Teesdale ice, The
poséibiiity of Baldersdale ice forming the leke is precluded by the
heighf”of Burners Hille. On the south sidé of the lake there are
two sm§11 overflow chennels cutting through the Botany Grit at 1350'
end 1250' 0,D. On the morth side of the leke there is the deep
winﬁééb-between Keiton Hill end Jenny Quarr@es. The most likely
explanation for this windgep 1s that it was formed as =an overflow
channel from this glacial leke. At first the Lunedale 1ce prevented

y OVerfIOW'northwards, for the height of the Boteny Ridge is
barely 13%00' 0.D., but as the Lunedale ice became lower the lske was
gble to spill over into Lunedale, cutting out this broad chennel to
Just over 1150' O.b.

Just west of Burners Hllls and north of Hunder Beck there are
g serlies of overflow channels, draining to the north, from 1276' 0.D,
to 1200' O,D. mhére is a very clesr one &t Ceper Gill, and the
present course'of Hunder Beck tekes the liné of en overflow channel,

as does Yawd Sike at How Beck Head where the solid rock is cut
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through at right engles to the original stresm direction. These

overflow chennels were the outlets of a lske which was dsmmed to the
east by a tongue of.the Teesdale lce penetrating as far as Long Rigg
where drift now blocks the original pre-glacial channel of Hunder
Beck at 1126 0. D, The ridge to the south was too high for the
lgke to escape, and to the north a small glacier in Bsldersdale '
ceused the formation of the series of overflow chennels in that
direetion. The ice was limlted to the Balder becsuse the col at
its head was some 50' lower thaﬂ the col at Whem, at the head of
Runder Beck. The latter col was too high to allow much ice to
surmount 1it. | |

y Thus 1t seems that there was a re;-advance of the ice down
Baldersdsle after the first retreat during which the Burners Hills
laké wés formed. This explains the compai'ative lack of glacial
drift :I.h Baldersdele itself compared with the ground to the south,
for the later glacler would have removed the glacial deposits of

the more extensive earlier glaclation.

Very little of interest was noted in Deepdsale

iv). Despdsle.
which has no extensive covering of drift. " EKnotts Hills, heivever,
are slnall moreinic mounds probé‘bly left by a retreating glacier and
Glasgow Gill is an overflow chamnel at 1350' O.D., due to the
obstruction of the natural drainage of Black Beck by the Deepdale

snd Greta ice.

(v) arets Valley. Though the glacial deposits of the @Greta

Valley west of Bowes are less extensive than those of Lunedsle, the

erosive effect of the lce was st least as great. It formed a wide
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U-sheped valley, removing z_all traces of the pre-glaclel course of
- the Greta. West of Bowes, where the valley widens, the erosive
power of the glacler was less strong and a pre;glacial course may
exist. . _ |

150' ebove the valley bottom Spitel Hill is formed by a long
thin ridge of drifi{ at right angles'to the direction of the ice
ﬂow.' it hes the appearance of a terminsl moraine but its height
gbove 'the falley bottom, and the sbsence of any moraine in the
valley bottom, .sug-ge_s-t that it may have been deposited during the
first retreat, the later advance removing all evidence of a

moraine from the valley itself,

_Teesdsle. Omly one side of Teesdale was surveyed end
.80 mo complete conclusion can be drawn from the evidence seen.
There was, however, a lske at one time in Teesdale itself, shown
by deposits of sand, overlain by boulder clay, N.E., of EBast Field
House at 700' 0.D. This lske may have been formed behind the
large terminsl moraine of Gueswick Hills, just east of the present
map. West of this terminal moraine is a narrow channel in the
drift at 7256' O0.D., through which the rallwaey now runs. This
appears to be a drainage channel from the laeke which cuts round the
slde of the moraine. Just east of the moraine of the Gueswick Hills
gnother chennel was later formed at between 626' end 650' 0.D,

which is just west of the present course of the Tees.
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Ve CONDITIONS OF DEPOSITION,

(8) Oyclic Deposition.

" Rhythmic deposition in the Lower Carboniferous of the North
of England was first remarked upon by Miiler (1887) glthough the
sections drawn up by Westgarth Forster (1809) clearly show the
rhythmic nature of the "Lead Messures" '(Dt'mhem, 1960), It was
Hudson (1926), however, who first described the Yoredsle rhythmr in
detail from the successlon of the Migdle end Upper Limestone Groups
of Wen'sleyd.ale. Brough (1928) showed that similar rhyﬁnnic depos;
ition occurred in the Middle Limestone Group of Northumberlsnd snd
suggested that it might elso be found in the equivalent strata on
ﬁhe Alston Block. ‘ |

| Thig was confirmed by Dunheam (1960) who gives a comprehensive
hig;;o:;ical account of rhythmic sedimentation in the North of
m;land and describes iﬁ detail 1tsl aepplication to the Lower Oarbon-
1férou‘s' of the Alstom area. He states the succession 1n each
cyclothem (rhythimic unit) asg
(7) conl; ‘
(6) ganister or underclay;
‘ . (5) sandstone;
(4) sendy shele, shely sendstone or 'grey beds' (interbedded
shales, slltstones end sendstones);
() | unfossiliferous, (? non-marine) ferruginous shale;
(2) marine shele;
(1) marine limestone. |
This unit is essentially the ssme as that given by Brough, but '
differs from Hudson's rhythmic unit in the omission of both a lime- -

sténe conglomerate between the mearine limestome and merine shale,
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end a sandstone or coely shale betwgen the coal and marine 1ime;
stone, It suggests, therefbre, that these items in Hudson's
succession are of purely local distribu_tion.

Dunhem also states that other members of the successlon may be
mis.siﬁg or o_f restricted occurrence, particularly the coal and the
marine shale, 8ince the limestome is the most persistent member
and its commencement shows the most striking break in conditions, he
follows Brough in teking it as the basel member of the unit.

In fhe Upper Limestone Group, as both D@hm eand Hudson have -
shown, the cyclothem is leses regular, The position of the lime-
stone in the rhythm mey be taken by marine sandstones or shales snd
unconformities or washouts occur at the base of sandstones, which
are frequently transgressive. Nevertheless, crude rhythms, which
are basically similar to those of the Yoredale cyclothems, can be
aiécemed right up into the Millstone Grit and Cosl Measures.

In the Stainmore Area the rhythmic units are imperfect, snd
meny of the cyclothems employed as units for descriptive purposes in
this work are actually compesite cyclothems since they contaln more
than one marine bend, though the minor marine bends may only occu-r-
loeslly. The most-obvious examples of minor marine bands are in
the Cosal 8111 Group and in the Upper Stonesdale Gyclét_:hem. There
may also be more than one arenaceous ban_d in the unit, such as 1s
found in the Upper Stonesdale end Fossll Sandefone Oyclothems, with
no marine band to separate them.

In the Stainmore Area perhaps the most noteable exception to
the standard unit is at the base of the marine horizon. Mention
has been made (pp. 47 end 83) of the difficulty of distinguishing
the limestone from the sandstone at the base of the Little end Upper
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Stonesdsale limestones since marine fogslls occur in the top of the
sendstones, and it is equally difficult to distinguish the'sand;
stone with fossils from that without fossils. This fact suggests
that there is not always a clear cut base to the marine horizon.
Another Peint_that was notlced was that in those marine beands which
eontaineﬁ limestone there were marin_e beds, formed of shale or
séndéiéné, below the basal limestone. For instance, the Crow Lime;
stoﬁe is usually'sandy‘at the baqe and the Lower.Stonesdale Lime;
atqhé is ﬁsually muddy. Johnson (personal communication) haé
recorded very fossiliferous shales, 2" - 3" thick, between the
bottom of both the Great and Undersett Limestones end their under;
lying coals in the Mount Pleasant Bore. On the surface the contact
is 80 seldom seen that this fossiliferous shale goes unrecorded,

but in Windmore End Quarry a "fine-grained, black, slightly cherty
limestone ; 2% thick" was noted at the base of the Great Limestone
(p. 22). _ | | |

Miller and Turner (1931) have also emphasized the tremsition
of'séhdstone into iimestone both vertieslly and laterally in certain
hdrizona in the Dént Fault end Shap Districts. They suggested that
the aﬁparent superposition of limestone on coal was coincidental
sincé coal requires a roof of cley or sand for its formatlen and
that this must have been removed by erosion in those places where
limestone lies directly on cosal.

The evidence from the Stainmore Area agrees with this |
suggestion. Cosls at or near the top of the cyclethem sre quite
rare, and occur more frequently lower down the cyclethem; However,
where they do occur at the top, such as below the Upper Foelltop
Limestone, a roof is found above the coal, and 1t is only below the
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Great Limestone and the Four _Fathem _I.:lmes'l;_orie that limestones appear

to 1lie directly on top of coal. Miller and Turner's suggestion
that the roof is removed by erosion pr@or to the deposition of the
limestone does not sppear possible sinee the ecoal beneath the Great
Limestone rgtaips a persistent thi_ckne_ss for a considerable distance.
Possibly, therefore, the fossil shale above 1t may be the roof of
them co:af seanm, . _ .

- The sbsence of a definite break beneath the limestone suggests
that it is not the ideal base of the cyclothem. In the Cosal
uea:surés, Edwards and Stubblefield (1947) use the base of the cosal;
~ Weller (1920) in the Pennsylvanlen of the central United States,
takes the ssndstone as the basal member because it is unconfomghle
on lower beds. This is a possible base in the Stainmere Area, for
ménj sendstones have been shown to be trensgressive, and in the field
:I.ﬁ is nomal to”map the sandstone and overlying limestone of a
di_ffereht cyclothem at the same time since they are the best exposed
pai'ts of the succession. On the other hsand, some sandstones do
nbt have transgressive bases, grap.ing up'from' non-marine shéle
belovi_, and most of the sam_igtdnea are lenticular bodies which do not
ext_eﬁd: throughout the area, in contrast te the merine beds which
upuall& are poréietent. ".l‘hua'the bas._e of the cyélo@hem hae been
teken at the base of the marine beds, & line which can always be
epproximately defined even if 1t is difficult to separate marine

from non-merine strats exactly.
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(b) Conditions of Sedimentation.

Dunham (1948, p.54) describes how many of the lower rime;
stones of the Middle Limestone Group of Alston coaiesce southwards
to form a continuous marine series with no intervening ﬂon;marine
strata, .Abpve the Middle Limestone, however, he considered that
the contrary was probasbly the case since the non;marine portions
of the Five Yard; Three Yard and Four PFathom Cyclothems appear to
be thicker on the Askrigg Block then on the Alston Block and the
Irdh'?bst Cyclothem did not épﬁear to be represented on the Askrigg
Block. The'presgnt survey has shown, however, that'as regards the
Four Faﬁhom chquhem this may not be true, since in Swaledale
there is ﬁrobabiy a continuous marine series between the Undersett
(Fbur Fathom) Limestone snd the Undersett Chert, the latter being
15 part the equivalent of the Iron Post Limestone. In sddition,

& cdhtinuous marine series between the Méin Limestone and Little
Limestone is probably the equivalent of a composite cyclothem on
the Aléton Block. Thus the beds above the Four Fathom Limestone

show a similar dying out of the non-marine members of the cyclothem

tewaréé the south.

This suggests that the marine invasions ceme from the south,
but the true direetion may be the south-east, for Miller end Turner
(19%1) found that, in the Middle Limestone Group on the west of the
AskrigéhBlock the limestones thicken, and the intervening strata
thin towards the east. Hudson (1941) noted that the merine |
horizdné of the Upper Limestone Group in the Roddymoor Bore were
more calcareous thah those in either Alston or North West Swaledale.

In addition, sn exsmination of the Mallersteang Memoir (1891) seems

to0 show that in the west of the'area describéd the succession 1s
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more skin to the Alston succession with the chert horizoms of lower
Sweledsle abgent in the Undersett and Main Cyclothems,

In the Stalmmore Area the Crow Limestone is thickest in the
south-east, near Bo'wes, and there is a complementary thickening
northwards of the non-marine portion of the cyeclethem, particularly
the Grit 8ills. On the other hand, the Knucton Shell Beds are
pree;enf to the'ﬁorth but not to the south, though as they die out
to the west as well &s to the south the marine invasion may have
come from the north-east. The non-marine strata of the Lower
Stonesdale Cyclothem thlcken northwerds, though over a limited area
there is a marine horizon, the Rookhope Ironstone, within them.

Thé Mirk Pell Ironstones, however, apparent:].y die out to the north
end east.

Thus up to the dlsconformity below the Coalcleugh Transgression
Beéé end Transgression Beds Grits the evidence shows that the marine
incursions csme either from the south or east. Those marine beands
which do not sppear to conform to this are probably local exceptions.
The Kn_u'éton ghell Beds and Rookhope Ironstone may well _have come from
the east, end en original extension of the Mirk Fell Ironstones
south and east of the Staimmore Are'a may be obscured by their
removal by the overlying tremsgression,

Above the disconformity conditions appear to change, "for the
non-marine strata become considerably thick'er‘towards the south,

This is due to the earlier onset of Millstone Grit conditions on

the Askrigg Block. Though palaeontological information is too

scarce to be preclise, the change of facies in the Stainmore Area

took place at approximately late E; or early Ey times. In the south
of the Askrigg Block, however, the basal fluvial-grit, the Grassington
Grit, hed slresdy been deposited, the equlvalent probably of
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strata below the Mirk Fell Ironstones. Dunhsm (1950) has suggested

that the sandstone-filled washouts of the Upper Limestone Group of
the Alston Block may be some of the sources of the thick grits of
the Mid-Pennines. It is not possible to link individual wash;
outs with bands of the Millstone Grit below the Upper Stonesdale
_Limesfone,,but above that horizon there is evidence from the
Btainmbre Area in support of Danhem's suggestion.

-The mixed facles of the Coalcleugh Transgression Beds of Alston
has been shown to pass laterally into the grit fécies of the Trans-
‘gression Beds Grits within the Stainmore Area. The map (Figure 9)
shows how the mixed facles extends through the centre of the ares,
with grit feclies on the flanks, The transition on the south must
oceur between the Stainmore Area esnd North West Bwaledale., The
mixed facles cen be eonsidered as the deposits of a broad southward
flowing river which carried down the coarse sediments which were
leid dbwn on 1ts flanks and ﬁt its extremity as deltalc acecumulations.
At times of relative stablility coals were developed on the delta
surfacé. _

Tﬁere is 2 locel marine horizon in the north, the C@aicleugh
Marine Beds, whose source is obscure, but the marine invaslon of
the Upper Felltop Limestone advenced over the whole area. This may
have come from thé south since it persisted in North West Swaledsale
for a longer period than on the Alston Block or in the Stainmore '
area, for non;marine beds are found between the Upper Felltop Lime-
stone snd the Fossil Ssndstone, instead of a continuous marine series
between the two, as in Swaledale.

The equivelence which has been demonstrafed of the Botany Grit
with the First Millstone Grit of Durham shows that Millstone Grit
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conditions had by this time set in over the whole aresa, though the
overlying Boteny Limestone suggests é return to Yoredale sediment;
ation. This does, however, emphaslize the difficulty in distinguish;
ing any one horizon at which it can be sald there is a major chenge
of facles. There 1é no doubt that a change of facies takes pléce
between the Four Fathom Limestone end the Botsny Limestone and the

m&ét striking change of conditiens occurs at the dlsconformity in

thehvgﬁér Stonesdale Cyclothem, but it is mot a sharp division

betweéﬁ a Yoredale end Millstone Grit facles.
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(c) Bresks in Deposition.

The picture that Chubb and Hudson (1925) drew of an unconfom;
ity between the Yoredsles end the Millstone Grit of the northern
part of the Askrigg Block 1s too simple to explain all the evidence
which hes since been obtained from that area (Rowell, personsal
communication). It sppears that there are seversl horizons at
which strata have been removed by erosion, such as between the Main
end Undersett L;lynestones, beneath the Mirk Fell Ganister snd beneath
the Kettlepot Ganister.

on the Alston Block Dunhem (1948) end Oarruthers (1928) have
given details of 'transgressions' in the Coal 8ills Group, beneath
the Grit 8ills (the Rogerley Tremsgression) end benesth the Gosl-
cleugh Trensgression Beds. It has been shown in the Stainmore Aree
that other sandstones may also be locally transgressive. .

Evidence has been given of traensgressions beneath the Tuft
ﬂandstoneg benéath all three of the Cosl 8ills; beneath the upper
part of'the Ten Fathom Grit; beneath the Goalcleugh Trensgression
beds and Transgression Beds @Grits, and beneath the Botany @érit
(Fii'st Millgtone Grit of Durhem). The latter two in the Stainmore
Area esre undoubtedly more substentiel then the remasinder emd one
does partially remove the undgrlying msarine ho.r:.l. zon, but ﬁeverthe—
less they are not of a size which warrants the term unconformity,
since there 1s no sngular discordanée of dip_ between them and the
lateral extent is not very great. For instance, the Rogerley
Transgression of the Alston Block is the mosf important in that
erea (Dunhem 1950) but it does not extend throughgut the Btalnmore
Ares. Dunhem considers- that this 1s a sandstone-filled washout which

is probebly eer-x;eet in this instence, but a more general term with

s
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no genetic implication is required to describe those cases whose
origin is more obsecure. | _

The term 'transgression’ does not gseem entirely suitable,_ gince
while the sandstone base may be described as 'traxlisgre-s-sive',
'transgression" implies a ph_eﬁor_nei,xon of a more .wi,de-sp‘re-a‘d nature
thah fﬁi&se relatively lecal affairs. '.Nqn-éequence' is normally
ex'npio-y-éd: to describe a bresk im the succession of palaeontelogical
zones. Gr-abau (1924) has proposed the term 'disconformity' for a
'at.x"at"ic' uneonft:)i'mity in which there is sn erosion interval but
no structural ldis,cordance between two sets of strata. It is here
suggested that this is the most suitable general term for the
Yofedale and Millstone Grit depositional breaks.-.

~
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APPENBIX II.
PETROGRAPHICAL NOTES,

' Slices were exmmined of representative rocks in the Btalnmmore

Aree,

szle from Borrowdsle Bedk.

A meésive micaceous sendstone consisting of sbout 85% of
subsngular quartz with a grain size varylng frem 0,05 to 0.2 mm,
smd showing undulose extinction. Cloudy arthoclm'and 8 few grains
of plegioclese, meinly 9115@01_&59, are also present. Cleavage
fragments of musobvite aé:e scattered throughout the rock which

contalns some ksolinl 'Ee-.

(24) Grest Limestone from Shields Beck.
A very pure limestone made up elmost entirely of crystalline

cslcite with some interstitisl iron staining. No ergemic material
vigible,

. A fossiliferous limestone composed mainly of crystalline snd
orgaﬁic calcité but with some clay matter. The larger fossil
fragments sre partially silicifiled.

(198)

A mesaive celcereous chert with elternate dark amd light
bands. In e groundmass of cryptoerystalline silica amd microcrystal-
line celcite there a'r-e' numerous ecsrbonate rhombqheé;ra which are

partioculerly sbundsnt in some bamds of the rock. The dominant
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carbonate 1s dolomite with some ankerite. A few organic fragments
can be seen which include spon'ge spicules, mainly composed of
recrystallized silica, besides some célcareous erganiams., Thin

veins of chalcedony snd calcite penetrate the rock.

(46) Lower Cogl 8111 frem Borrowdale Beck.
A coarse grit consisting of rounded greins of quartz with d

grein size renging from 0.0l to 2 mm. Some pegmatitic quartz is

present but malnly the grains show undulose extinetion. The feld-
sparé include orﬁhoclase grains the margins of which are altered to
kaolinite. Perthite and & 1little plagloclase slso oceur. There

is a very little muscovite and some biotite.

(1256) Top Marine Band in the. Coel 8ills Group from Lunedale.
Cal careous shelly sandstone consisting of up to 75% of snguler,

unsorted quertz grains mainly between 0.1 and 0.2 mm, in disameter
bat with a few learger grains, A 1little plagioclase feldspar,
musecovite snd orgenic ecalcite are also present. The grains are -

demented by celclte esnd magnetite  and pyrite is scattered through

the rock.

tone from Lunedsle.

‘' K ealcareous pendstone consisting of about §0% of rounded
end gpubangular quartz with « grain size ranging from 0.1 to 0.5 mm,
Theré are some grains of zircon and muscovite emnd one of plagloclase

feldspar. orgsnic fragments are seen end there is one foraminifere

probsbly Endethyra. The cement is of calcite.

(76) Ten Fathom Grit from Ravock.
A slightly micaceous quartzeze, feldspathiec grit consisting

meinly of rounded grains of quaertz shewlng undulose extinction with
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en average grain size of 0.25 mm. | Andesine, orthoclase, hydro-
biotite muscovite and zircon &lso occur. There is s 1little inter-

stitial keolinite and much limonite throughout the rock.

(18%) COrow Limestene from No Nsme Beck.

A dark calcareous mudstone formed of finely divided mud snd

" cslcite with cerbonate rhombohedra which may be snkerite. Tiny

mgular quarty grains crystalline calcite snd phosphatic material

sre also present.,

(140) Orow Limestone from Borrowdsle Beck.

A hard dark ferruginous mudstone with calcite velns. The
rock is a homogeneous mass of equigrsnular, brown carbonate, mainly

piderite with some ankerite and -a few tiny quartz grains.

(122) Above Crow Limestone from Shields Beck.

Sandy micaceous shale comsisting of about 60% of angular
quartz with a grain size varying from 0.1 to 0.05 mm. smd 10%

muscovite, cemented by dark clay matter end lnterstitial calclte.

(49) Lower Stonesdale Limestone from Borrowdsale Beck.

A very herd dark siliceous mudstone composed mainly of
cryptoerystalline silica end clay with a little microerystalline
calclite. Ix;regtilar, elongated pale bodies, probebly worm burrows,
oceur which are filled by a calcitic clay which has been glmost
entirely sltered to dolemite, rhombohedre of which cen be seen in
the pale bodies'as well as in the groundmass of the rock,

(172) Lower Btonesdsle Limestone from Borrowdele Beck.

A muddy limestone composed mainly of equigranuler celcite

which is slightly dolomitized. ghell fragments, preserved in
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calcite, end tiny quartz grains are seen in the matrix, Elongated
ferruginous patches which contain some siderite rhombohedra also

occur, end there are carbonaceous stresks along the bedding plene,

(210) Reokhepe Shell Bede from Westep Beck.

A calcar‘eoﬁa grit containing unsor'_bed,. rounded pebbles,
renging in size from 0.5 mm. to over 2 mm, They are mainly of
quertz showing strain shadews, but some of the quartz is derived
frem-quarté‘ite. . Pebbles of brown chert and phosphate also appear.
The matr:l:x_ is eom‘pésec’l of calcite, mainly cryst=zlline, snd smgll
angal..ar quertz grains (c. 0.056 mm.). OLay matter is elso present

and calcite veins sre seen to penetrate both pebbles end matrix,

grains (c. 0.2 mm.) and chemosite ooliths set in a matrix of muddy
slderite. The ooliths are composed of chemosite rings, with cry-
stelline centres and sre partially eltered externally to a carbonate
which 1s probebly snkerite. Smell fossll fragments preserved in

i calcite are also present.

| (224) Eower Felltop: Limestone from No Neme Beck. _

An enkerite mudstone containing 25% of subanguler quartz
end glameconite (c. 0.2 mm,) with a little orgmmic ecalcite in &
matrix composed of a carbonate which is mainly eankerite. The

clastic matter occurs in layers.

(847)

A fine-grained fossiliferous mudstone, cemposed mainly of

cryptocrystalline celcite with some rhombohedra of dolomite end &
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few of siderite. . There are occasional engular quartz grains ab;mt
0.05 mm. g&cross and sﬁell fragments of calcite are scattered through-
out the rock, There are also circular brownish-green aggregates
composed mainly of cryptoerystelline silica, but with a surrounding
ring of calcite and with carbonste rhombohedra in the centre.

Pyrite is disseminated throughout the r-ock.which is penetrated by
tﬁin véin of calclte.

(22). Mirk Pell Ironstone from Rowsntree Beck.
A calcite mudstone containing microcrystalline calecite snd

rhombohedra of ankerite with a few small sngular quartz grains snd

"orgenic fragments.

(525) Tremsgression Beds Grit from Balder River.

A coarse quartzose, feldspathlic grit consisting of subangular
quartz. with a grain size verying from 0.1 mm. to 2 mm, Most grains
show undulose extinction and have sutured edges. Pegmatitic
quartz ~ami quertzite pebbles are also present. Feldspars include
orthoclase which is cloudy end sometimes eltered to sericite,
perthite and oligoclasé to andesine plagioclases. All gredations
ofﬁb':.ldtite gltered to hydrobiotite csm be seen. The rock 1is well
cemented by kaolimite, some of which ie the decomposition product

of orthoclase. Magnetite and zircon also occur.

(606) Trensgression Beds Grit from Crag Pond.

A medlum-greined quartzose, feldspathic grit consisting of
moderately well graded, subsngulsr to rounded quartz grains with
an average grain size of about 0.5 mm. Orthoclase, mlcrocline

snd plagioclase feldspars are present and muecovite can be seen
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as we]_.l as hv_:l.oti_te and hjrdrebiotite. The rock is well cemented by
smell quartz grains end kaolinite.

(=64) Ba___._ £ Ooslcleugh Megrine Bod

A ehames:lte mudstone consisting of c. 15% angular quearts

(0.1 - 0.3 mm.) orgenic snd phosphatic fragments im a matrix of
micrecrystalline carbonate which is mainly caleite, with a little
aenkerite, Chemosite ooliths have their margins replaced by a
ca}bonate which is probably ankgrite. .Bome of the fossll fragments
have been eltered to gyrif.-e which 1s disseminated throughout the

rock.

A chemosite mudstene qonsi_st_ing of brown-green cheamosite
ooliths, superficlslly saltered to carbonate, end phosph,atic nodules
in a matrix of miecrocrystalline enkerite esnd calcite. A few
angular quartz agd -green glsuconlte grains are present, besides

large orgsnic fragments and streeks of pyrite.

(391) GQoslcleugh Marine Beds from Mmon_s:l. -

Sendy mudstone consisting of 45% eabengular quartz with an
averége gra_in size of 0.2 mm, _and gleuconite in a matrix of muddy
celcite snd dolemite. Phosphatic fragments and chemosite ooliths

are also present.

(279) GOoslecley

A chemoslte mudstone consisting of glauconite, sp.bangular

quartz grains and chemosite ooliths 1in o matrix of' fine-grained
calcite snd smkerite.
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(442) Upper Pelltop Limestone frem West Cerni @111,

A muddy limestone consisting of fossil fragments of
erystalline calecite in a matrix of mud and microerystalline calcite,
with some dolomite and a little snkerite. Some pyrite is also

present,

_ A dolomitized muddy limestone consisting of a few quartsz
grains and meny cal careous foss:l.J. f_ragnent-s some of which have been
partislly replaced by pyrite in a matrix of mud snd microcrystalline
dolomilte.

Botany Grit. _
Meny rock slices were examined from the Botsny Grit. They

showed that 1t is a coarse quartzose fel_dspa’qhic grit, loosely
camented and contelning three types of guartsz: rounded to subeangul ar
grains derived from pegmatitic quertz, guartzite and sandstone are
present; grains from the latter show undulose extinction end the
finer grains sre frequently surrounded by seecondary silica. The
grain size varies from 0.1 to 2 mm. but some-gr-a:l:_ns are considerasbly
larger. Plagioclase feldspar is usmally oligoclase or endesine

end cloudy, sericitized or perthi_tic orthoclase 1s present.
Microcline was present in sbout half the rocks exemined. _
Muscovite is rare, but biotite and its decomposition product,
hydrobiotite, are common. Pyrite, zlrcona, i'uti_le, epatite,

garnet and -téumaline have been found. Some interstitlal kaelinite

oceurs but most of the cementing materisl is lost in grinding.
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APPENDIX - IITX,

FAUNAL LISTS,

iron Post Limestone.

- Smeltmill Beck
8 plicatus (Portlock) o "
gifera (Phillips) _ : :
Trilobite pygidia. " "

Great Limestone.

Aatophyllum fungites (Fleming)
oryenia 7 |
unophyllum bipartitum bipartitum (McOoy)
ﬂﬁpartitum onineckl (Bdwards and Haime)
iﬁminqkopl'g m megaiticum (Thomson snd Nicholson)

Bhale sbove Main Limestone.

meig}}tholme Be ‘?k.

River Lune
" "

" "
Little Limestone.
Chonetes hardrensis (Phillips) group Borr?wdale Be‘c':k
QNP 8 _ (J. Sowerby) : "
" "
" "
" L
 Eomerg, lobatus J.Sowerby " "
s [ _q "ar [nifera)
= cf. lobal laquegtus Muir—Weod " "
> -' init " "




Little Limestone (contd.)

) (Bomarginifera) setosus Pfxillips
. . omarginifera) sp.
Snooth Bpiriferid spp.

plrifer sp.
rifer trigonalis (Martin) group
wviculopecten sp.

~ Faraday H‘éuee Marine Bend

Camarotoechia pleurodon (Phillips)

. .. pleuroden var. triplex? (McCoy)
: 8P.
"Ghonetes Iardrensis (Phillips) group
Producfus axtonla) sp.
P. Dictyoclostus?) sp.
P. - Eomerginifera) aff.
Stubblefield

' ™ eslngltonensis cembriensgis
snootm%i‘éri;d <
irifen.;bi_suleatue.,a'. de C. Sowerby group

trigon;iis (Martfn) group.

Rookhope shéll Beds

Liroceras sp. cf, L. liratum ( girty)

I.ower Fellt-o;; Limestone

g . 'ornuistia cf. po;it MeCoy
\Tornquistia) sp.

Produc'-né (Eomerginifera lob,atus J. Sowerby
_P. R ¢ _me.r-:'- [nifera) setosus Phillips

(Sinustella) sinuatus de Koninck
] i_rﬁ‘e'r

opsis gib'bosa (Fleming)

Posidonla ©p.
STeurotomaria® sulcata Phillips

| par o1us_(Buaom halus) carbonarius
iz B 2 (3. de ©. Sowerby)
8treparolus sl.

Mirk Fell Ironstones

212,

Borrowdale Back

"
"
L
"

stz 3=

Gras '?holme Br'i'.dge

" "

" "

" n

" "

" "

] "

" "

" "

" "
Bink House

Crawlaw Gill
) L] "

Hunder Beck
9 "
" "
" R
n "
" n

Crawlaw Glll
" "
" ]
" "

Hunder Beck

Rowentree Beck
(1] L]
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Mirk Fell Ironstones (contd.)

_ ' Balder Rlver
1 ita embigua (J. Sowerby) Mickle Gill
Balder River -
Rowsntre-e Bgck

'.'-t_ﬁ.fera cf., lobatus J. 'Sowerby
'_sﬂ_ic.'s J. de C, Sowerby group Mickle Gill
irigonalis (Martin) group Balder River

Rowa{'ltree Bsck
" "
Athyrid ? Boulgil.l. 05 Rowaetree Be‘c'zk
Brachythyris pinquis (J. Sowerby) " N M "
b " " ] "
; ] L] " "
J. &werby " " " "
_ " ) " "
— qella sp de 0. Sowerby group " " f "
3 _';,E' ET? pentonensis (Hind) :: :: : »
L ] "
Waculens sttemusta (Fleming) : : " 'u
Lg ef. glbbosa (Flemin ) ™ ) " U
ollo undulete Phillips, .
=0 fleming) mut. gggg%%g_z_;)q " " " "
AL : J. de C. Bowerby) : :: : ::
Worthenla gairensis (@rey Thomas) " " " "
AT eerbonariys Demanet - ' " " " "
" n " "

Upper Felltop Limestone.

Zaphrentid 1nd.et.
osita smbl

a (J. Sowerby)

Selemiegug se

Poecllodus Jonesi choy.




Boteny Limestone.

Fleming)
J. Sowerby)

P, ____ (Dickyoclostus) cf. mur ca us Phillips

P, __(Dictyoclostus) semiTeticulatus (Martgn)

P.. _(Dletyoclostus) spp.

Pe . . sancrinells) undatus Defrsnce

Pe chinoconchus) ef. _,e_:%g‘;a_z;g McCoy

Pe. .. {Behinocopehus:) punctetus dJ. Sowerby
P._ . (¥omarginifera) aff. _q_gg__i:fgr_lg_.’gg Mair-Wood
P, (Eomsrgin fera) cf. lengispinus J. Sowerby
P. - { Bom:; nifera) setosus. Phill P8 ;

Po . — (Jurazenia BPD.

Pe Krotavia) cf. aculeata J. Sowerby

2 —(Linoproductus) sp.

P, Productus) concinnus J. Sowerby

Po Pustula?) . .

. . EIzmafeL' .a) sinuatus de Koninck

Ivﬁe; a ep
]:aia'l'ITBranch indet.
digsimilis (Fleming)

ob sa (Grey Thomas)
subsulcatus (Phillips)

ans ella cf, .
______._..ﬁ’ﬁm boceras cf.

[1]
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