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MID-CARBONIFEROUS YOREDALE GROUP ON THE AGKRIGCG ELOCK.

by
John Cougins.

" The best outcrops were messured and described in detail. Frem samples
collected large aea siained thin sections were made for microscopic
study. ZX-ray diffraction, X-ray fluoreccence and electrun microscopy
were used for specific investigetion of certain semples.

The carbonates consist dominantly of two end memters, carbonate mud
and bioclastic, mainly crinoid, debris. riost are bioclastic micrites,
sparse biomicrites, packed biomicrites or naclked biomicrudites though
bpiosparites and hiosparrudites are seen cccasionally. They contsin a
fauna including crinoids, brachiopods, corals, meclluscs, algae and
foraminifers and accwiulated in a marine sublittorsl environment of normal
salinity. In places coral, brachiopod and algal biostromes are developed
and bioherms, conzisting of mounds of unbedded bryozoan calcilutite cor
crinoid-st=n celcirudites both capped and flanked by bedded crinoid-sten
calcarenites and calcirudites, occur locally. The bioherms swell the
limectone thickness considerably and marit sites of exceptionally abundant
carbonate production. ost of the carbonate is biogenic, the finer
carbonate cilt aand mud resulting frem post-morten mechanical or biological
breakdown: of organic sikzletons. Since accunulation a complicated seguence
of chemical, mineralogical and textural changes has occurred duvring
lithification, disgenesis znd epigenesis ircludings carbonrate cementaticn,
dissolution, neomorphlism, dolowitisation and silicificaticn.

The cherts asscciated with the Limestones are biogenic and o.ten contain
abundant silicecus sponge spicules. They result from releass of silica
rich con-ate water along faults during periods of fault movement.

The Aslrige Block was tectonically active during sccunaulaticn of the
Linestones. Movenents altered the depositionzl environmeat and are recorded
in the sediments by variations in thickness and iithology, the location of
and relationships between certein lithologies and the presence and pousition
of erosion surfaces. The bioherrs show successive displacement northvards
with time in response to southward tilting of the Block. Thais tilti
caused decpening of the sea over the southern region preventing biogenie
carbonate production and formation of the Underset and Crow Limestcnes in
this area. The major underlying cause of these movements is related to
differential subsidence along the raults bounding the Askrigg Block.
Lo~king or increased drag on the faults caused tilting or dewmwarp of the
Block edges, Tilting was sometimes compencatory, downward movement of one
edge being accompanied by uplift of the onprcsite edge. Movements on the
Askrigz Block not directly related to motion on the boundary faults shows
the Block is not monolithice,
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INTRODUCTION.

Most recent research on rocks of the Yoredale Group has been
confined to the map)ing and description of small areas. It ié
. unfortunate that these areas are commonly isolated from one another
by narrow tracts of land which afe too small for new research projects.
Little work has been done on the regional variations of the rocks,
especially limestones. This thesis sets out to trace three limestones,
the Middle, Underset and Crow Limestones (with associated cherts),
over the whole of the Askrigg Block and the area adjacent to its
northern margin, in an attenpt to gain information about their sediment-
ology.

The Main Limestone is not included in this study because wurk
by another research atudent had cdmmenced prior to initiation of this

preject.




LOCATION OF THE AREA.

The region studied (Fig.l.) conprises the Askrigg Block and
the area adjacent to its northern margin., It is situsted in North

Yorkshire and Cumbria.
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Fig.l. Map showing location of the area studicd.

The area is bounded to the south by the South and Mid Craven
Faults and to the west by the Dent Fault. To the ecast the Permian
unconformity marks the eastefn edge of exposed Carboniferous rocks
but the Askrigg Block continues eastwards for some distance (p.10).
The northern limit of the area passes westwards along the southern
watershed of the River Tees, along the River Greta, down Sleightholme
Beck and around the north side of Kaber Fell to Birkett Common. This
is north of the Askrigg Block whose northern boundary is the Stockdale

Fault.



HISTORY OI' PREVIOUS RISSLARCH.

——

Only a brief history of research i3 given here as an extensive
bibliogravhy can be found in Raymner (1953). A short general account
of the Yoredale Group is given by Ramsbottom (1974) in 'The Geology and
"~ Mineral Resources of Yorkshire' published.by the Yorkshire Geological
- Society. A more detailed account of the Yoredale Group in Wensleyvdale,
the type area, is published by Moore (1958).

The early miners knew a greatideal about the country rocks,
especially those of economic importance, long before the first published
description of rocks of the Yoredale Group by Westgarth Forster (1809).
The firat publication on the geology of the Yoredale Group in the area
studied is by Sedgwick (1835) who described a series of %transverse and
longitudinal sections between Penyghent and Kirby Stephen. He recorded
a group of rocks above the Great Scar Limestone and below the Millstone
Grit more than 1,000 feet thick and composed essentially of limestone,
shale and sandstone.

Sedgwick's pioneering work was.overshadowed in the following year
by Phillips' publication 'Illustrations of the Geology of Yorkshire
part II The Mountain Limestone District' (1836). Phillips showed a
detailed understanding of the geology of the northern part of Yorkshire
and established the persistence of the more important limestones in the
group of limestones, shales and sandstones that Sedgwick (1835) recorded
above the Great Scar Limestone. Phillips called these rocks the 'Yoredale
Series' and took upper Wensleydale as his type area. On tﬁe basis of
many measured sections he documented the rocks using the thicker lime-

stones as a framework for the succession.



After Phillips' outstanding work little research was done until
the arrival of the Officers of the Geological Survey in the 1870's who
comnenced to map the area. Of the accompanying memoirs only those
dealing with Sheet 50, the Ingleborough Memoir (1890) and Sheet 40,
| the Mallerstang Memoir, (1891) were published. They frequéntly'pay
tribute to the excellence of Phillips' work and adopted his succession
with a few additions and minor amendments.

In 1891 Dakyns described the area between Grassington énd
Kettlewell but this was supplemented and expanded in 1892 when he
discussed the geology of the country between Grassington and Wensley-
dale.

Fresh stimulus waé given to the study of Carboniferous rocks by
Vaughan (1906) whose zonal work was applied to the northwest province
by Garwood (1907, 1912). Vaughan's coral-brachiopod zones enabled
correlations to be carried much farther afield but the zones were not
fine enough to enable detailed correlstion and diaghostic faunas were
often scarce. In 1974 Bisat established his goniatite zones but the
scarcity of goniatites in the Yoredale Group made zonation difficult.

Hudson published a series of papers from 1924 onwards. He
briefly dealt with the stratigraphy in 1924 when discuséing the rhythmic
succession of the Yoredale Group first recorded by Phillips (1836) and
in 1925, in a combined peper with Chubb, (Chubb & Hudson,l925)'discussed
the nature of the junction between the Lower Carboniferous and Millstone
Grit of northwest Yorkshire. In the same year he described faunal
horizons in the Yoredale Group and in 1929 wrote two papers, one

dealing with ‘'Brvthrospongia lithodes' (Hudson) a 'spongo' from




the Middle Limestone, the other concerned with the distribution of

Orionastraea spp. In 1933 and 1938 descriptions and reports of

Geologists Association field meetings to the Yorkshire Dales were
published by liudson and others. Later in 1945 Hudson published on
the upper beds of the Yoredale Group.

A year after Hudson's first paper Tonks (1925), aided by new
exposures excavated during reservoir constructicn, described the rocks
of £he Yoredale Group in Nidderdale and gave detailed faunal lists.
Later Anderson (1928) studied the beds in the Skyr~eholme anticline
farther south and in 1931 Miller & Turner described the Carboniferous
succession along the Dent Fault. In 1938 Carruthers dealt briefly with
the geology around Tan Hill and Rogans Seat and the stratigraphy and
structure of the Greenhow mining area was published by Dunham &
Stubblefield in 1945,

Knowledge of the stratigraphy of the Yorcdale Group grew
rapidly in the 1950's. ' The Carboniferous geology of the Grassington
area was described by Black (1950) and later by Joyoey (1955). Black
in conjunction with Bond (Black & Bond, 1952) also described the Yore-
dale succession in the northern flank of the Skyreholme anticline.

The geology of Ingleborough was published by Dunham et al (1953) and Hicks
(1959) and in 1956 Turner recorded some faunal bands of Upper Visean

and early Namurian age. In 1957 Rowell & Scanlon covered the Namurian
succession in the northwest corner of the Askrigg Block and Reading

(1957) and Wells (1958) described the stratigraphy and structure of

the Cotherstone Syncline and Middleton Tyas—-Sleightholme anticline

respectively. Mdowrae's work on the Yoredale Group in Upper Wensleydale,



the type ares of Phillips' 'Yoredale Series', published in the foliowing
year (Moore,l958) eastablished the full succession up to the Main
Limestone. Later Moore (1959) discussed the role of deltas in the
formation of the cyclothems comprising the Yoredale Group and in 1960
Wilson published details of the Carboniferous rocks of Coverdale and
adjacent areas.

Work by Varker (1967) on conodonts and by Hallett (1979) on
foraminifera and algae in the Yoredale Groﬁp has increased our knowledge
of the microfaunas.

The cherts of the Yoredale Group were mentioned first by
Hinde (1887) who considered them organic. Later, after studying the
cherts in Arkengarthdale and Swaledéle, Sargent (1929) concluded they
were inorganic. In 1955 cherts and limestones from the Cruw Series near
Richrmond and the cherts betwesen the Main and Crow Limestones were
described by Hey (1956) and Wells (1955) respectively. Both Hey (1955)
and Wells (1955) concluded the cherts were inorganic.

Geophysical investigations of the northern Pennines, notably
those by Bott (1961, 1967) and Myers & Wardell (1967), have proved much
about the basement structure of the Askrigg Block and adjacent areas. The
granite postulated by Bott (1961, 1967) beneath the Askrigg Block was
proved fecently by the Raydale Borehole put down by the Institute of

Geological Sciences in 1973 (Dunham,1974).



REGIONAL STRUCTURE.

The askrigg Block was named by Hudson (1938) following the
designation of the area to the north as the Alston Block by Trotter
& Hollingworth (1928). Previously these has been known collectively
as the North of Enzland Block (Marr, 1921) an area where the Carbon~-

iferous rocks are generally flat lying with minor faulting and only a
gentle regionual dip to the east., In contrast, rocks of similar age
adjacent to.the Block are folded into long crested anticlines. On the
blocks deposition was discontinuous during Carboniferous times. The
- sediments are relatively thin when compared with the much thicker and
more complete suécession of the same age in the flanking troughs and
basins,

Geophysicél investigations of the northern Pennines have proved
much ahout thé basement structure of the Askrigg Block. The discovery
of granite beneath the Alston Block (Dunham, 1965) prompted further
research on the negative gravity anomaly recorded oﬁ the Askrigg Block
by Whetton et al (196%5) who interpreted it as an acid Precambrian core,
possibly including both metamorphic and igneous rocks. The anomaly was
' studied in detail by Bott (1961, 1967) and Myers & Wardell (1967).

It was initially interpreted by Bott & Masson-Smith (Bott, 1961) as
either a granite or a sedimentary basin, the former being preferred. A
combined interpretation of detailed gravity and proton magnetoneter
profiles across the anomaly observed by O'Connor (Bott,1967) provided
convincing evidence favouring a granite which Bott (1961) h;ﬂ named
the Wensleydale Granite, In 1975 a borehoie sunk by the Institute of

Geological Sciences in Raydale proved correct Bott's interpretation



when it penetrated granite 500u beneath ground surface (Dunham,1974).
The ragionel structure and the location of boreholes mentioned

in the te¥t are shown on Fig. 2.
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Fig.2. The Structural Setting of the Askrigg Block
in Northern England.

The Askrige Block is separated from the Alston Block by the
Barnard Custle Trough, a structure proved only recently by gravity
surveys (Bott, 1967). It is bounded to the north by the Stockdale Fault
which, though well developed in the west,is obscure east of Reeth.

The western edge of the Askrigg Block is marked by the Dent

Fault with the Kendel Depression to the west., Both the Dent Fault and

the Stockdale Fault are ruptured monoclines and separate Carboniferous



rocks of similar lithology.

The Mid Craven Fault defines the southern margin south of which
is the Pennine Basin. 1In contrast to the Dent and Stockdale Faults it
is a clean fracture and separates dissimilar Carboniferous rocks, a
consequence of its greater magnitude of throw both before and during
Carboniferous deposition. It separates thin and incomplete shallqw
" water Carboniferous sediments or the Block from much thicker, deeper
watér Carboniferous deposits in the Pennine Bacin. Knoll limestones
situated along the south side of the Mid Craven Fault mark the southern
edge of the Block. They can be traced from Settle in the west to
Appletreewick in the éast. Knolls similar to those at Settle are seen
in the Carnforth area to the west (Hudson,1937; Mosel,1954) and it is
probable that there are knolls between Settle and Garnforth concealed
beneath the cover of Namurian rocks. Ewvidence of their continuation
east of Appletreewick is provided by Dakyns (18%) who, using shsake
holes as evidence, considered limestone to be present at a shallow
depth beneath the Grassington Grit on Pock Stones Moor south of Greenhow.
The presence of limestone at this level is explained best as belonging
to a knoll rising close to the base of the Grassington Crit. A similar
relationship is shown clearly hy the Stebden knoll at Cracoe., East of
Pately Bridge the southernm edge of the Askrigg Block is not obvicus at
surface as the Cpaven Fault Line becomes indistinct and erosion has not
penetrated deep enough to expose Dinantian rocks. Kent (1966) considered
unlikely the possibility that the Coxwold-Gilling-Flamborough fault
belt represents the easterly continuation of the Craven Fault line and

hence the southern margin of the Block. He based his conslusion on ‘
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the Cleveland Hills No.l. boring and geophysical evidence that
indicates the Mesozoic area of folding is broadly co-extensive with
basin or trough developuent.

The Aldfield No.l. and Sawley No.l. borehcles, 8 kilonetres east-
northeast and east of Pately Bridge respectively, penetrated Carbon-
iferous 'block' successions though the succession in the Sawley No;l.

' borehole was oriéinally incorrectly described as of 'gulf' type by
Falcon & Kent (1960). They start at approximately the same stratigraphic
horizon but in the Sawley No.l. boring, only five kilometres south of
the Aldfield Ne.l. bore, the Lower Carboniferous was encountered aimost
1,000 feet deeper (Falcon & Kent, 1960). Clearly a major structure
passes between the two boreholes, possibly a céntinuation of the North
Craven Fault System. However, the Ellenthorpe No.l. borehole about

18 kilometres farther east penetrated Lower Carboniferous rocks of
'basin' type. The margin of the Askrigg Block must, therefore, pass
between the Ellenthorpe No.l. borehole and the Aldfield No.l. and Sawley
No.l. boreholes.

The east edge of the Block is obscure. The 'Darlington Fault!
(Fowler, 1945) could have marked the eastern edge but recent re-surveying
and revision by the Institute of Geological Sciences has shown that the
'Darlington Fault' does not exist (pers. comm.) and it has now been
omitted from the Richmond 1" 0.3. Geol. Sheet.

Kent (1966) considered the most notable gross feature is the
sharp eastward chengefrom typically unfolded uniformly eastwﬁrd-dipping
Permo-Triassic rocks to the broad folding of the Cleveland Hills and

northeast Yorkshire. According to Kent (1966), within the folded area
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the Cleveland Hills No.l. borehole proved a 'gulf' development of
Carboniferous rocks and the surface indication of this structural
boundary is provided by a nioderate sized north-south fault jusi east
of the Thirsk to Stockton road. He considers this approximates to
‘the north-south trend on the aeromagnetic nap and also flanks a
positive gravity anomaly mapped by White (1949). In support of this
interpretation Kent (1966) quotes the Harlsey lo.l. boring to the
west of the fault which penetrated Carboniferous rocks of 'block!
type.

If Kent's interpretation that the rocks of thg Harlscy Né.l.
boring and the Cleveland Hills No.l. boring are of 'block' and 'gulf!’
type respectively, then the aedge of the Block must pass between then.
However, the published evidence on which a north--south eastern‘boundary
to the Block is fixed is not conclusive. The gravity data in this
region, unlike the area farther west, is scanty.

Kent (1966) considered the Stainmore Syncliﬁe narked the
northern edge of the Askrigg Block thus positioning the Cleveland Hills
No.l. borehole to the east of the Block. However, Bott's geophysical

’ work (1967) has proved that the Stockdale Fault, much farther south,

marks the northern edge. This results in the possibility that the

Cleveland Hills No.l. borehole may be in the southern part of the Barnmard

Castle Trough for when the general trend of the Stockdale Fault is

produced eastwards it passes south of the borehole. The Cleveland Hills

No.l. borehole, therefore, may be north rather than east of the Block.
The Fordon No.l. borehole neér Scarborough penetrated 'block’

sediments of the Yoredale Group. Kent (1966) advocated the eastern
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edge of the Askrigg Block passed between the Harlsey No.l. and
Cleveland Hills No.l. boreholes and that a trough separated it from
the positive area penetrated by the Fordon No.l. borehole. It is at
least a possibility that the Askrigg Block extends farther east than
previously thought. The Alston Block is known to extend eastwards
beyond the northeast coast. However, onlj further detailed geophysical
and_borehole data will enable positive identification of the northeast, east
and southeastern limits of the Askrigg Block.

The faults bounding the Block are pre-Carvonifervus basement
structures, which, in addition to their main post-Carboniferous

moveuent, were spasmodically active throughout the Carboniferous Period,
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STRATIGRAPHY OF THE YOREDALE GROUP.

i) Biostratigraphy.

Subdivision of the Carboniferous System in the north of England
is based on successive cephalopod faunas. The Pennine Basin is the
accepted type area for most of the Namurian Series and the upper part
of the underlying Visean Series. -

The Yoredale Group occupies a similar position reletive to the
Millstone Grit Group as does Bowland Shale wherein diagnostic
goniatites of the Bollandian Stages are found. Goniatites in the
Yoredale Group are rather sparse and detailed correlation between the
two has proved difficult. Zone boundaries in the Yoredale Group seem
to coincide with the base of major limestones i.e. at a relatively
constant position with respect to Yoredale cyclothems. The gonlatite
faunas of the Bowland Shale are found in thin beds of shale usually
with large éalcareous concretions. These are separated by less
fogsiliferous, more silty shales which, in places, pass upwards into
turbidites of the Pendleside Sandstone. The sandstone is often overlain
directly by shale with calcareous concretions giving asymmetric
cyclothems with rock types similar to the limestone, shale, sandstone
cyélothem of the Yoredale Group (Moore,unpubl.) Moore notes there
are seven goniastite zones in the Bollandian and eight major cyclothems
in the corresponding part of the Yoredale Group, with a further three
goniatite zones and pyclothems in the Pendlian Stage. He suggests
8 'one to one' correlation between Bowland Shale goniatite zones and
Yoredale cyclothems seems highly likelv with the exception of the Five

Yard and Three Yard cyclothems which are both equated with the Upper
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Bollandian zoue‘sz.

The biostratigraphy of the Yoredale Group and its correlation

with the lithostratigraphy is shown in Fig. 3.
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Fig.3. Stratigraphy of the Yoredale Group.

1i) Lithostratigraphy.

The Yoredale Group on the Askrigg Block rests conformably on,
or interdigitates with, the Kingsdale Limestone of the Great Scar Group
and is oveflain unconfornably by the Millstone Grit Group, being cut out
totally in the southea;t. A northwest to southeast section across the
Askrigg Block from Shunner Fell to Grassington is shown in Fig. 4.

The Yoredéle Group consists of limestones, shales and sandstones
arranged in well defined cyclothems in which the clastic rocks display a
coarsening upward sequence sometimes capped by seatearth and coal.

Within the major cyclothems smaller cycles can often be recognised, Fig.5.
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Locally cutting these beds are linear bodies of sandstone containing very
coarse plant debris (logs) and nudclast rudite lenses. In the north-
eastern part of the Block thick cherts ars associated with the linestones
in the upper part of the Yoredale Group. The thick limestores are usually
bersistent and form terraces which caen be mapped easily in the field.
They are named individually and form a framewcrk for the lithostratigraphy
of the Yoredale Group (Fig. 6.)

Intra-Carboniferous movements on the faults bounding the Askrigg
Block altered the depositional environment and are documentgd in the
gediments. They are recorded by variations in thickness and lithology,
the location of, and relationships between, certain lithologies and the
presence and position of erosion suxrfaces. Such movements affecting the

Limestones studied are discussed.
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PROCEDURES.

Research cormnenced after initial reconnaisance in
Septenber, 1971. A regional approach was necessary to cover 2,500
square kilometres but areas of rapid change in lithology were studied
ig detail. An extensive field work programme was undertaken in April
and from June to August, 1972, from May toASeptember,l973 andAin April
- and August, 1974. The large size of the area precluded tracing the
outcrop of each formation on foot so good exposures wefe.selected for
study. Most of the goocd outcrops are recorded irn the literature
(published and unpublished) and confined usually to streams, hillside
scars and man-made exposures,

Sections in the field were measured by steel tape and Abney
Level. Wherever possible vertical faces of outcrop were measured by
steel tape and linked together by tracing bedding planeé. Where thid
vas not possible an Abney Level was used. AThe long sighting distances
in many sections made precise measurement difficult. Some sections
were measured separately by both steel tape and Abney Level; the
thicknesses obtained fell within 10% of one snother with no consistent
bias. Measurements were made on a bed-by-bed basis wherever possible.
In poorly exposed ground all the available information was recorded for
comparison with better exposed sections nearby. Some extremely thin
shale films, too thin to produce persistent partings, although noted,
were discounted during measurement when the beds above end below were
similar. The limestones were described according to colour; mineral
composition, grain size, fossil content, nature and abhundance of

allochems and content of terrigenous impurity. The initial sampling
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programme was one hand specimen of each rock type from every outcrop
but it soon became apparent that some rock types were common to most
outcrops and these were less rigorously sanmpled as work proceeded.
Any unusual rock types were always collected.

From selected samples large area thin sections were made and
stained with an acidified solution of alizérin red S and potassium
ferricyanide to differentiate the various carbonate minerals present.
X-ray difrraction, X-ray fluorescence and transmission and scanning
electron microscopy were used for specific investigation of certain

samples,




NOMENCLATURE.

The classifications used in this thesis are described

below.

i) Stratal terminology.
The classification used for bedding and lamination and shown in

“Fig. 7. is that proposed by Campbell (1967).

metres BEDDING AMD LAMINATICH millimetres.
FARTING
very thick
100
thick
0,30
: pediun very thick
0.10 10C
thin thick
0.03 : e
very thin cediuz ’
10
thin
3
very thin

~¥ig. 7. Classification of bedding, laminatiorn and
parting after Ingram (1954) and Campbell (1967).

. A bed is defined as an individual unit cf sedimentation bounded by bedding
surfaces which are essentially time planes. A group of beds with identical
lithologies is termed a bedset. Beds may be internally laminated, cach
lamina being internally homogeneous with no internal structure. When
lamirae are oblique to the bedding cross-lamination results. This can be
classified according to Allen (1963).

A parting is defined as a tectonic fracture parallel to the bedding.
Classification of parting thiekness, the distance between adjacent

partings, is also shown in Fig, 7.
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ii) Classification of Carbonate Rocks.

Many classifications of carbonate rocks have been proposed
(Ham & Pray,1962; Bissell & Chillingar, 1967) but, as yet, no single
classification_has been adopted universally. This is because single
“classifications can include only a few of the multitude of parameters
that the carbonate rocks possess. Not only are primary carbonate
-sediments highiy complex and varied but they are extiremely susceptible
to post-depositional modification. Classifications therefore
concentrate, to a greater or lesser degree, on cei*tain aspects of the
rock, some béing more specific than others. It is readily apparent that
there is no ideal classification of carbonate rocks. Single terms,
- although very userul, cannot hope to describe such complex rocks adequately.
There is no substitute for.concise but detailed descriptions both in
the field and under the microscope which cun, if necessary, be
supplemented by data obtained from application of other techniques.

Two classifications are used in this study, a field classification
based on the Wentworth-Udden Grade Scale (Pettijohn, 1957) shown in
Fig. 8. and a petrographic classification nodified after Folk (1959) and

" Dunham (1962) discussed in the section on petrography (p.357, Fig. 64)

a) Field Classification.

The vast majority of limestones encountered in this study have
a fine grained matrix with a highly variable content of allochems,
dominantly bioclastic debris,and terrigenous material. They were
clazsified broadly in the field into calcilutites, calcarenifes and
calcirudites, terms introduced by Grabau (1904, 1913). An attenpt was

made to distinguish between grain-supported and matrix-supported
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carbonates (Dunhan, 1962) and the terms calcarenite and calcirudite are
applied only to carbonates in which allochems of the anpropriate
grain size clearly form a fraomework to the rock. Cerbonates with
allochems of arenite and rudite size but which are not abundant enough
| to form a framework are classiiied as calcilutites with an adjective
expressing the abundance of allochems visible e.g. smarse, scaitered
or abundant. Unless stated otherwise allechens are of arenite size.
The particle size scale used, shown in Fig. 8, is based on the
Wentworth-Udden Scale discussed by Pettijohn (1957). This is a

geometric scale based on the grain dianeter in millimetres.

Sire s Carhorate
e t
(=) Grade Farticle Sedizent | cidiment
BOULDER
255
coarse
128 - fine COBBIE
6
- vary coerse RUDITE CALCTRUDITE
s coarse
1€ PEBBLE
nedium
&
fine
¢ excremsly coarse
e
very coerse
1 .
, coarse
L2 1 cedium SAND APETITE | GALCARENITE
A .
Y fine
/3
very fine
vz
1/,-—) coarse
1,32
1,/6 pedium SILP
2
A i LOITE | CALCILUTITE
N
17090
CLAY

Fig. 8. Particle Size Scale (after Pettijohn,1957).
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b) Rock Colour.

Rock colours are described in accordance with the Rock Colour
Chart prepared by the Rock Colour Chart Committee and distributed hy
the Geologicdl Society of America. However, rocks described as 1ight
grey and dark grey include those of medium light grey and medium dark
grey colour reSpectivély, because differences in illumination and sample

wetness made meaningful distinction of these walues impossible.
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. THE MIDDLE LDWESTONE.
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THE MIDDLE LIMESTONE

The Middle Limestone was named first by Phillips (1836) though
Sedgwick (1835) had previously called it the }Mosdale Moor or Wold
Limestone. It is present over the entire area and is usually easily
diVisiblq into three persistent limestone members vhich are separated in
the north by clastica and thin limestones.. Dakyns (1891) stated in the
Mallerstang Memoir that the three massive divisions of the Middle Limestone,
"eorrespond so well with those of the Scar, the Cocklesheil and the
Single Post Limestones of Upper Teesdale, Alston Mnor ete., that we do
not hesitate to correlate the parts of the Middle Limestone with those
bands". Hudson (1924, 1929) and Turner (1927) published faunal evidence
which Hudson helieved to substantiate the Geological Survey's correlation.
Hudson based his correlations on a Cyathaxonia fauna in the shales above
the Middie Limestone in Wensleydale and the Scar Limestone of Teesdale

and the occurrence of QOrionastraea spp.at the base of the Middle Tdmestone

and the Single Post Limestone. He also used the presence of 'Erythrospengia
lithodes' (Hudson) in the Middle Limestone of Wensleydale and the Single

Post Limestone of Teesdale. 'Erythrospongia' is not a sponge as Hudson

suggested but a bioturbation structure (p.lBB)therefore this faunal
correlation is invalid. On the basis of these correlations the terms
Single Post Limestone, Cockleshell Limestone and Scar Limestone have
been aprlied occasionally to parts of the Middle Limestone.

Further evidence in support of this correlation is the presence
of a coral bioatrome at the base of the Middle Limestone nnd'at the base
of the Single Post Limestone and the similarity in distinctive lithology

of the Single Post Limestone and the lowest part of the Middle Linmestone;



both are typically unbedded and mottled. The Cockleshell Limestone

with numerous Gigantoproductus is similar faunally to the central

division of the Middle Limestone which also contains Gigantonroductus.

Finally, Gigantoproductus occumsat the base of the Sear Limeétone

and at the base of the upper division of the Middle limestone. There
is, therefore, good evidence to correlate the three members of the
Middle Limestone, separated hy clastics and thin limestones in the
north of the Askrigg Block, with the Single Post, Copkleshell and Scar
Limestones of the Alston Block which are separated also by clastic
sediments (Fig. 9.)

Varker (1967) showed by studying the numerical distribution
of conodonts in the Yoredale Group that in the limestone they are least
common at the base but increase upwards in number and are usually most
abundant in the upper part. He found that the Middle Limestone,
unlike the other limestones sampled, showed a three fold numerical
distribution suggesting the presence of three limestones.

In this study the three main divisions of the liddle Limestone
are considered equivalent to the Single Post, Cockleshell and Scar
Limestones and are referred to hy these names. They are separated
over the northwestern and central parts of the Askrigg Block by less
persistent, more lithologicelly varied rocks informally named the
Iower and Upper Partings. The Lower Parting separates the Single Post
and Cockleshell Limestones whilst the Upper Parting separates the
Cockleshell and Scar Limestones. In the northwest the Lower and Upper
Partinga are thick and contain deltaic shales and sandstones. On the

northern edge of the Askrigg Block the Middle Limestone exceeds 29m



= A

WENSLEYDALE

TEESDALE

(WHITFIELD GILL) (GENERALISED \
: SEcTioN
] ] alter Moore
.| sandstone > unpubl.
— shale
L} limestone 1 metres i
[ @ | mottled limestone
‘c ¢ ¢ coral bed 0
G G Gigantoproductus
A A algae 8 S
LIMESTONE
-
SCAR A ala
M NN
LIMESTCNE [C} G
[ i o=
pper e
D ——
Parting EEr—
D e
{= 24k
£ |cockLeEsHELL g |7
LIMESTCME
=
COCKLESHELL
! LIMESTONE
M Lowier
o3 Parting
S
i o etn
O SINGLE J
N POST TR T
SINGLE
E LIMESTCNE POST
LIMESTONE

Fig. 9. Lithosiratigraphic subdivision of the Middle Limestone on
the Askrigg Block and correlation with the Single Post,

Cockleshell and Sc_:ar Limestones of the Alston Block.



T OOt

in thickness but farther north, in the southwestern part of the Barnard
Castle Trough where the deltaic sediments are even thicker, it exceeds
36m. However, its maximum thickness of more than 50m is attained in the
southeast where the Partings are absent and the Middle Limestone is
composed almost entirely of coarse crinoid debris. A minimum thickness
of 3m is seen in the southwest. Figure ]O shows a west-northwest to
east-southeast section through the Middle Limestone irom the River
Rawthey across the Askrigg Block to Penhill. Isopachs of the Middle

Limestone are shown in Fig. 11.

WNW ESE
RAWTHEY WENSLEYDALE PENHILL

... .|sandstone
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Fig.10. Section of the Middle Limestone from the River Rawthey
to Penhill.

The Middle Limestone accumulated = over the entire Askrigg Block
although in the extrcme southeast it was later removed by intra—El

erosion immediately preceding deposition of the Grassington Grit.
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Most of the main valleys have cut through the Yoredale Group to a level
below the Middle Limestone, leaving this Limestone exposed where
superficial deposits are absent. Its gentle easterly regional dip is
modified only where the Limestone is caught up in the monoclines
associated with the Dent and Stockdale Faults, where drag along other
faults hea produced flexing or where it is'locally folded.
| Good outcrops are usually reatricted to the larger streams,
quarries and raillway cuttings; rarely is it exposed weli on hillsides.
The extent and quality of outcrop depends greatly on lithology although
other factors such as geographical position and relationship to super-
ficial cover‘are important. The difference in resistance to weathering
and erosion of the five members comprising the Middle Limestone,
determined largely by lithology, is reflected in their outcrop. The
Single Post Linestone, characteristically a very thick unhedded
calcarenite resistant to weathering and erosion, is well exposed in
stream sections and sometimes crops out on hillsides forming small scars.
The overlying Lower Parting is exposed poorly in strasms especially
where it contains shale but rarely crops out on hillsides. In Garadale,
however, where it consists of thick and very thick bedded sandstones,
good outcrops ars seen. The Cocklesliell Limestone is moderately well
exposed in strean sections and sometimes crops out patchily on fell
sides. Where it is well bedded,as in the northwest, its outcrop is
often stepped. The Upper Parting, consisting dominantly of shale, is
fully exposed only occasionally in streams and rarely crops'out on
hillsides. The Scar Limestone is exposed moderately well in streans

eapecially where it is thick and underlain by the Upper Parting shale.
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Hillside outcrops are not uncomnon although in areas where the
~ Scar Limestone is thin, the blocks exposed are often displaced.

To racilitate description of the Middle Limestone the region
studied has been divided into gix areas, Wensleydale (a.nd its tributarv
dales), Swaledale and the northeast, Garsdale and the northwest,
Dentdale and the soufhwest, Wharfedale (und its tributary dales) and
| Nidderdale and the southeast (Fig. 12.) A brief description of the

outcrop of the Middle Limestone in these areas is given below.

Wenslcydale.
The Middle Limestone crops out on both sides of Wensleydsle

from Ure Foxrce (SD 801932) at the head of the dale eastward to around
Middleham (SE 126878) where it disappears beneath the valley fioor. On
the.northern side its outcrop is generally linear but on the deeply
dissected south zgide it follows the sides of the tributary dales.

Exposure is gﬁod in the streams draining %the north side of the dale
although it deteriorates in the east as the Middle-Limestone approaches
the valley floor. On the south side of the dale good outcrops are
sparse. They are normally confined to the upper reaches of the tributary
dales, commonly their heads, and to streams draining the northern flanks

of the interposed spurs.

Swaledale and the northeast.

The Middle Limestone crops out from Ivelet (SD 936983%) on the
north side of Swaledale and from Thwaite (SD 834981) on the south side
of the dale eastwards to Marrick (SE 077975) where it disappears beneath
the valley floor. Between Thwaite and Ivelet on the north side of the

dale it is cut out by the Stockdale Fault. The best outcrops are in the
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Arz2as used for description of Middle Limestone.
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vicinity of Low Row Pasture (SD 970980) on +he north side of the dale
and frouz Thwaite Beck (SD 884981) to Birks Gill (SD 985969) on the
south side. Elsewhere exposure is poor. Northeast of Swaledale the
Middle Limestone croups out in the Middleton Tyas-3leightholme anticline
Qhere,dospite the poor outcrop generally, a good section is seen in

Long Acres Quarry (vz 181043).

Garsdale and the northwest.

Goqd outcrops of the Middle Limestone occur from Garsdale Head

(sp 790922) westwards to Thrush Gill (5D 745900) along the north side
of the dale and as far as Pegs Gill (SD 723899) along the south side of
the dale, in the small streams draining the fell sides. Farther west
the outerop is ohscured by boulder clay or alluvium. HNorthwest of
Garsdale the Limestone is exposed at several localities on the west

side of Baugh Fell as far as Needlehouse Gill (SD 733971). North of
Needlehouse Gily the exposure is very poor until the good section in the

Birkett Railway Cutting (NY 774029) is reached.

Dentdale and the southwest.

Along the north side of Dentdale the Middle Limestons is
exposed well only from Stock Beck (SD 734870) eactwards to Dent Head
(SD 779833); to the west it is obscured by boulder clay. On the southern
side of Dentdale the outcrops are good from Dent Head westwards around
the northern slopes of Whernside and at Deepdale Head (SD 709827). West
of Decpdale around fhe north, west and south slopes of Crag Hill,
exposure is very poor with the exception of the good outcrop in Ease
G111 (SD 692820). Southeast of Crag Hill the ground is exposed poorly and

only a few good sections are scen, notably in Force Gill (SD 758821) on



the east flanlc of Whernside, in some of the small streams around

Gearstones (SD 782802) and in Mere Gill (SD 745753) on Ingleborough.

!hgrfedale and the southeast.

In this area the Middle Limestone is exposed best from Cam

: Houses (SD 824821) eastwards alonévthe no;th side of Léngstrothdale and
- southwards along the east side of Wharfedale to just north of Grassington
_ (SD.006653). Most exposures are in left bank tributaries of the River
Wharfe but in the aréas between Kettlewell and GraSSingtén the }Middle
Limestone forms scars which are extensive north of Gfassington. South-
west of the River Wharfe the exposure deteriorates and on the south side
of Langstrothdale and in Littondale only a few good outcrops are seen.
South of Iittondale the Middle Limestone is very poorly exposed; the
good outcrops in Crooke Gill (SD 845733), Penyghent and in Darnbrook
Beck (SD 878717}, lountains Feli are exceptional. Only one outcrop of
the Middle Limestcne is seen in the area between the North Craven and

Mid Craven Fault at Corbeck (SD 858657) (Moore Ters. comm,)

Nidderdale and the southeast.

In this region the outcrop of the Middle Limestone is confined
to Tour small areas. In Nidderdale it is seen in inliers at Liwvley and
Lofthouse, the beat outcrops being in the core of the Limlay anticline
(SE 099'764) and in Howstean Gorge (SE 093735) respectively. The other
exposures are seén to the southeast in Trollers Gill (SE 072625) on the
north flank of the Skyrehoine anticline and in the small quarries around
Toft Gate (SE 132696), Grecnhow.

In the following account the five members constituting the

Middle Limectone are described individually except in Nidderdale and
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the southeast where, because correlation is difficult in the south,

they are discussed together.
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THE SINGLE POST LIMESTONE.
SUMMARY.
The Single Post Limestone, characteristically a mottled erinoid-
ossicle bicmicrite and internally unbedded, rests on a slightly irregular
pavement of sandstone in the north and limestone in the south. It varies
in thickness from only 40cm in Dentdale, where it is sandy and cross-
" laminated, to 9m in the southeast. A thin persistent coral biostrome

dominated by small Lithostrotionidae marks its hase where it overlies

sandstone but where it rests on limestore coral developﬁent is patchy.
The distribution of corals shows the sand substrate was more favourable
for cbral development than the bioclastic carbonate mud substrate.
Absence of the bilostrome where the Single Post Limestone is sandy in
Dentdale is related to instability of the sand substrate preventing
polyp establishment.

The coral biostrome reaches a maximum thickness of 50cm in
Garsdale and maintains a thickness of 30cm to 40cm eastwards along the
north side of Wensleydale as far as Arn Gill. I% thins in all directions

avay from this area. Its fauna is dominated by Diphyphyllum lateseptatun

(McCoy), Iithostrotion decipiens (McCoy), Dibunophyllum bipartitum (McCoy)

and Orionastraea garwoodi (Hudson) but whereas the others are common

Orionastruea is found at only a few localities. The supporting fauna

includes small brachiopods, notably Sinuatella sinuata (De.Kbninck),
which are sometimes abundant and sparse small pelecylods and gastropods.

Saccaninopsis carterd (Brady) is patchily distributed but also occurs where

the coral biostrome is absent. Above the biostrome the Limestone is

devoid of any macrofeuna except in the southeast. Here sparse scattered
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colonies of Orionastraea cccur in a poorly developed horizon 37:m to
1.8m above the base of the Limestone.

Over all except the southeastern part of the Askrigg Block the
Single Post Limestone has a well defined abrupt top. In the northwest
it is irregular with & relief of up to 75cm. Beneath the irregular top
the limestone is mottled. Grey patches of unaltered biomicrite are
- surrounded by brown weathering areas which contain bioclasts with
corroded edges in a matrix of ferroan microspar. Swall, irregular,
usually elongate vugs up to a few centimetres in diameter are also
comnon. They truncate bioclasts and are infilled with ferroan calgite
cement and sometimes dickite. These features are interpreted as
evidence of dissolution by percolation of rainwater through the sediment.
They record a period of subaerial exposure caused by uplift of the
rorthwest corner of the Askrigg Block.

To the northwest of the Askrigg Block a thin breccia occurs at
the top of the Single Post Linmestone. It consists of clasts of microspar
up to a few centimetres in diameter in e microspar matrix which grade
down into biomicrite. The clasts contain fractures, infilled with calcite
and siderite amd are sometimes laminated concentrically. The breccia is

considered tentatively to be a caliche.



THE SINGLE POST LINSTOKE.

DETAILS.

Wensleydale.
On the north side of Wensleydale the Single Post Limestone is

thinnest in the west and thickens eastwards. From only l.6m at Ure Force
(SD 801932) 1t thickens rapidly to 2.55m in Tarn Gill (SD 807929). 4
similar thickness is seen in Fossdale Gill (SD 861930) but above

Sedbusk in Coal Gill (SD 881917) it thins locally to only l.%m. The
Single Post Limestone thickens eastwards to 3.05m in Sar ¢ill (SD 908918)
and 3.6m in Whitfield Gill (SD 930923) and maintains a thickness of about
3.5m as fur as Beldon Beck (SE 013918) except at Disher Force (SD 981904 )
where 4.1m are exposed. East of Beldon Beck (SE 013%918) it thickens to
around 4m, a thickness raintained as far as Wensley Beck (SE 092898),

the last good outcrop.

Throughout the north side of Wensleydale the Single Post Limestone
rests on a sandstone pavement and has a well developed coral blostrome at
its base. The pavement is slightly irregular and has shallow holilows in
its surface, usually less.than S5cm deep. Small compact dendioid and

~ceriold ILithostroitionidae are abundant in the coral biostrome. Many colonies

adhere, and are moulded, to the underlying sandstone surface. They are
often situated in hollo%s but others occur above and between the colonies
at the base. The individual colonies are small, compact and bun-shaped;
they never adopt a sheet-like form. They tend to be largest where the
coral bed is thick..Some colonies rcach 50cu in diameter but -their naximum
dimension is usually less than 20em. All appear to be in their position

of growth but large solid structures for anchorage are absent. The largest
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particles present are sand-sized quartz grains, crinoid ossicles, shell
fragnents and other bioclastic debris. Although no visible change in
lithology takes place, the coral colonies disappear abruptly at the top
of the biostrome. Their bun-like form gives the biostrome aﬁ irregular
top defined hy the surfaces of the uppermost colonies.

The fauna is dominated by dendroid and cerioid Lithostrotionidae

f mainly Lithostrotion decipiens (McCoy) and Diphyphyllum lateseptatun

(McCoy). Orionastiraea garwoodi (Hudson) occurs sporadically and is seen

occasionally in the small outcrops of coral biostrome. Though it was
recorded by Hudson (1929) from Sar Gill (SD 908918) and Arn Gill

(sD 953923), extensive searching by Moore in Arn Gill between 1952 and
1954 failed to locate a single specimen (Moore pers. comm). Since then
blocks have :allen from the outcrop and QOrionastraea is again exposed

(from 1961 , Moore pers. comm). Clisiophyllidae,usually Dibunophyllum bi-

partitunm (McCoy),'and small brachiopods, notably Sinuatella sinuata

(De Koninck), are scattered between the coral colonies. Saccaminopsis

carteri (Brady) is spasmodically distributed in the coral biostrome but
also occurs in the overlying limestone. It is abundant in Sar Gill

(sD 508%8), Whitfield Gill (SD 930923) and Arn Gill (SD 953923). Sparse
snall pelecypods and gastropods are alsc present. The fauna of the coral
biostrome is recorded in detail by Moore (1958).

The corals occur in a calcilutite matrix with sparse crinoid and
shell debris. Scattered quartz grains are common in the basal part of
the biostrome. Rarely it is visibly sandy at outcrop as in' the lowest
25cm of the biostrome at Sar Gill (SD 908918).

On the north side of Wensleydale the coral biostrome is thickest



in the west and thing eastwards. From Arn Gill (SD 4953923) westwards

it is 30cm to 40cn thick except for local thinning to 15cn in Fossdale
Gill (SD 861931) and 20cm in Coal Cill (SD 881917). East of Arm Gill

(SD 953%923) it thins to 20cm at Disher Force (SD 981094),a thickness
‘ﬁaintained eastwards in Apedale Beck (SE 043922), Barney Beck (SE 049919)
and Wensley Beck (SE 092838).

West of Apedale the Single Post Linestone is an unlaminated
single thick bed of erinoid-ossicle calcarenite. It exhibits s strong
colour mottling a:d contains small irregular patches of ctarsely
crystulline calcite vhich are often iron-oxide stained.

The colour mottling resulis from patchy variation in the colour
of the calcilutite matrix. It is most pronounced and displayed
exquisitely in Whitfield Gill (SD 930923) (Plates 1 and 2). Here.the
limestone contains numerous patches of mediun grey to brownish-grey
carbonate surrounced and separated by areas of paler coloured yellowish
brown matrix.  The darker areas are irregular in shape and of variable
size. Their contucts with surrounding calcarenite are abrupt and some-
times gtylolitic. Vhere the limestone is water-eroded, the dark-coloured
patches adopt a fine polish unlike the surrounding limestone which retains
a rough surface. Differences in fabric and mineralogy of the matrix scem
responsible for the colour mottling, a conclusion proved in thin section
( Plate 47).

Irregular patches of coarsely crystalline calcite are also common
in this area. They are seen best in Whitfield Gill (SD 930923) and, like
the colour mottling, show beat on water-eroded surfaces. The patches are

usually clongate, irregular, lensoid or vein-like in shape and conmon in
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Plate 1. The Single Post Limestone, Whitfield Gill (SD 930923) Wensleydale.
General viow of the highly mottled, unbedded crinoid-ossicle

calcarenite.

Plate 2, The Single Post Limestone; Whitfield Gill (5D 930923) Hensleydale.
Small area of water-polished culearenite showing the vivid
colour nottling. Omall elonyate patches of coarsely
crystalline ferroan calcite are poorly seen in the left of

the photograph,
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the upper part of the Single Post Limestone. They are generally lecs
th;n S5em in length, though some of the veins exceed this; and have
abrupt contacts with the surrounding linestone.

- The milky-coloured calcite is stained light brown in places at
surface and alohg stylolites, indicating the prevsence of fefrous iron
in its crystal léttice. Staining with potassium ferricranide shows the
calcite to be ferroan {(Plate 47).

Dickite (identified nmicroscopically and by X-ray diffraction)
is found in tiny patches throughout the Limestone. It occurs with the
coarsely crystalline calcite, along stylolites and sometimes infils

Saccaminorpais teats,

East of Apedale the Singlé Post Limestone beconmes mofe crinoidal
and partings appear within the Limestone. The partings are not shaly and
separate rocks of identical lithology. There is no evidence to suggest
that they are bedding planes. ' The colour nottling, so appdrent to the
west, becomes indistinct and the patches of.coarsely crystalline calcite
disappear.

Throughout the north side of Wensleydale the Limestone above the

/ coral bilostrome is devoid 6f any macrofauna. Only scattered Saccaminopsis

occur with the erinoid-ossicle and shell debris.

The Single Post Limestone has an abrupt irregular top in the west.
It is best seen and most pronounced in Whitfield Gill (SD 930923) where
the surface has a visibleralief of 50cm but by comparisons of overlying
bod thicknesses a maximum relief of 75cm can be proved (p.65). The irregular
top of the Limestone is pitted and dark yeliowish—brown. Freshly broken
surfaces are stained patchily with haematite. The Limestone mever shows
any transition into the overlying mnudstone or shale which infil its

surface irregularitiea, The nost easterly exposure showing an irregular



- 43 -

top is in Arn Ci11 (SD 953923). Farther emst the iiregularity disappears
and the top is planar.

On the south side 6f Yensleydale the Single Post Limestone is
thiclzest in the southeast and thins weutwards. In the lower reaches of
~ the southern tributary dales it overlies sandstone but at the heads of
these tributaries it rests on, and is commonly fused to, Limestone IVc.

The Single Post Limestone is separated from the overlying beds
by é woll developed parting. Its top is abrupt in upper Coverdale and
upper Waldendale in the southeast, abrupt and irregular in the northwest
around Viddale Fell but nodular elsecwhere.

In lower Coverdale the Single Post Limestone is well expcsed
in Great G211 (SB 073840) where it is a thick to very thick parted,
rediun grey, erinoid-ossicle calcarenite 5.6m thick. The coral biostrome,
moulded to the underlying sandstone, is thin (10cm) but contains numerous

small brachiopods and Saccaminopsis which is alsn gbundant in the overlying

linestone. The overlying limestone is slightly mottled except between
4.25n and 5o above the base where mottliing is well developed.
Farther up Coverdale the Single Post Limestone thickens. The
internal partings, the coral biostrome and the underlying sandstone all
isappear and the Linestone becomes fused to Limestone IVc. Limestone IVe

is typically a dark grey crinoidal calcilutite, often with Saccaninopsis,

whereas the Single Post Limestone is a paler medium grey crinoid-ossicle
calcarenite. Although the grogs lithologies of the two Limestones are
different the change is gradational and this, with the absence of the
coral biostrome and, usually, of any parting between the two Limestones,

makes their precise separation impossible. In Ridge Gill (SE 02279%0)



7.65n of limestone are exposed. A%t the base are fwo beds of crinoidal
calcilutite 30cm and 85cm thick which nay ¢Onstitute Limestone IVe.
They are overlain by crinoid-ossicle calcarenite, ;ts upper part
mottled with swall irregular pqtches of coarsely crystalline calciie
similar to those seen in Whitfield Gill (SD 930923). In Slape Gill
(SE 001778) a% the head of Coverdale, Limestone IVc and the Single
Post Limestone have a combined thickness of 8n and cannot be separated.
Along the north side of Penhill the Single Post Limestone is
about 4m thick ana overlies sSandstone. Scattered Diphyphyllum and

Lithostrotion colonies with sparse Dibunophyllum form a patchily

developed biostrome 10cm thick at the base. At Mount Park (&% 085882)
and near Chantry (SE 055880) sparse scattered Orionastrsea colonies in
growth position occur 1l.8m and 1.3%5m above the bage of the Linestone
respectively.

On the west aide of Penhill at Morpeth Scar (SE 029877) the Single
Post Limestone is 5.1m thick and has a well-developéd but thin (lécm)
coral biostrome at the base. As on the north flanks of Penhill it
overlies sardstone and is a thick to very thick parted crinoid-ossicle
calearenive. It has a rubbly weathering, haematite stained, nodular. top.

Scattered Orionastraes colonies and sparse Dibunophyllirs are scen along a

single horizon l.3m to‘l.Sm above the base, probably the same horizon as
at Mount Park and Chantry. At Long Ing Wood (SE 022860) and Scar Folds
(SE 020849) the Limestone is similar in lithology and thickness but
Orionssiraea is absent.

The Single Post Limestone thickens southwards up Waldendale and

at Ashes Farn (SE 008321), Dales Farm (SD 992808) and in Walden Beck
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(Sp 980796) it rests on Limestone IVc. The coral biostrome at the base
of the Single Post Limestone is only present and poorly developed (10cm)

at Dales Barm. It contains Diphyphvllum, sparse Dibunophyllum and numerous

small brachiopods and rests on 50cm of dark grey crinoidal calcilutite

with Sacceminopsis, Limestone IVc. At Ashes Farm (SE 008821) and in

Walden Beck (SD 980796) the base of the Siﬁgle Post Linestone cannot be
recpgniSUd as the coral biostrome is missing. The combined thickness of
the two Limestones is 7.1m and 8.85m respectively. At all three
localities the Single Post Iimestone is a poorly parted, medium grey
crinoid-bssicle calcarenite with sparse suall chert nodules,

In Bishopdale the Single Post Limestone overlies sandstone except
at the head of the dule vwhere it rests on Limestone IVe. It is an
unparted medium grey crinoid-ossicle calcarenite with a slightly rubbly-
weathering top. On the southeast side of the dale in Myers Garth Gill
(SD 970820) the coral hiostrome, 15cm thick, rests on sandstone. Opposite
in Foss Gill (SD 956838) on the northwest side of the dale, the Single
Post Limestone has thinned to 4.6m . Its base is défined by the coral
bivstrome, 10cm thick, which overlies 8Ccm of slightly sandy crinoidal
calcilutite, Limostone IVe. To the southwest in Back Gill (SD 951822) and
Raffen Gill (SD 951814) the Single Post Limestone also overlies ILimestone
IVc but its base cannot be recognised as the coral biostrome is absent,
Here the two Limestones have a combined thickness of 5.7m.

Between Bishopdale and the head of Wansleydnlé the Single Post
Limestone can be traced around the sides of the southern tributaries of
Wensleydule but good outcrops are sparse. They are confined to the upper

reaches of the tributary dales and to the northern flanks of the interposed
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spurs.
The outcrops on the spurs occur in a belt 3km or less in width
south of, and purallel to, the River Ure. In Gill Beck (SD 966876),
Scar Top Sike (SD 958688) and at Burnett Force (SD 942873) on the
. flauks of Addleborough, the Single Post Limestone is a mottled, medium
grey criroid-ossicle calcarenite 4.4n, B.ém and 4.5m thick respectively
with a haematite stained, nodular, rubbly weathering top. It thins
weatvards to 3.3m in Horton Gill (SD %03883) on the northeast'310pes
of Wether Fell and to 2.3%5a in Gaudy House Sike (3D 855887) on the north
side of Ten End where it is of similar lithology but has an abrupt
rather than a nodular weathering top. On the north slopes of Widdale
Fell the Single Post Limestone is similar and thickens from 2.%5m in
Cragfold Sike (SD 839906) to 4m in Hollin Gill (5D 823913) where it is
locally thick. The top of the Limestone is not well exposed at either
locality but in Hollin G411 it is abrupt and irregular. Farther east,
in Badger Sike (SD 815922) the Limestone thins to 3.3m. At all these
outcrops the Single Post Limestone overlies sandstone with the coral
biostrome at its base. The biostrome is thin in the east, 10cn -~ 15 cnm,
but thickens westwards to 40cm in Hollin Gill (SD 823913) and Budger Sike
(sp 815922). It is exceptionally well exposed in the railway cutting
east of Moorland Cottage (SD 809924).
The poor.outcrops on the east side of Widdale Fell show the
coral biostrome to thin southwards. On Widdale Side (D 823888) in a
section exposing orly the lowest 1.9m of the Single Post Linestone,
the coral biostrome is 10cm to 20cm thick and rests on a sandstone. Farther

south in Lings Beck (SD 802866) only scattered cornls are seen at the
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base of the Limestone which is Zn thick and also rests on sandstcne.

At the outcrops in the upper reaches of the southerm ‘tributaries
of Wensleydale the Single Post Limestone rests on, and is fused to,
Linestone IVe. Throughout this area it is a poorly mottled, mediun
grey crinoid-ossicle calcarenite but the absence of the coral bilostroue
makes recognition of its base impossible. Its top is nodular except
in Long Sike (SD 817842) and MNorth Scar Gill (CD 818841). In Cragdale
at Middle Tongue Gill (SD 920824) and Shaw Gate (SD 926844) the
conbined thickness of the Single Post Limestone and Limestone IVe is
3.8m and 3.3m respectively. It is also 3.%m thick in Ash Gill
(SD 893867), Bardale but thins westwards to m in Bank Gill (SD 853850),
Sleddale and to 2.1m in Long Sike (SD 817842) and North Scar Gill
(sD 818841), Snaizeholme.

Througchout the southern side of Wensleydale the fauna of the
coral biostrome i3 similar to that seen on the north side of the dalse.

Diphyrhvllum and Lithostrotion are abundant, Q;pundDQV11un is comnon

but Orionastraea is rare and has been recorded only from Gill Beck
(SD 966876} and Badger Sike (SD 815922). Small brachiopods are couron

and Saccaminopsis is distributed patchily.

The irregular top of the Single Post Limestone, so well developed
on the north side of Wensleydale from Arn Gill westwards, is seen only
in Hollin Gill (SD 82%913) on the south side of the dale. Unfortunately,
outcrops on the south side nearest thosse showing irregularity on the
north side of the dale are poor.

Swaledale and the northeast.

In Swaledale the Single Post Limestone rests on a slightly
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irregular sandstone surface usually less than Scm in maxinum relief

and has the coral biostrome 10cm to 20cm thick at its base. The coral
biostrome is ginmilar to its development on the northern side of
Wensleydale except that the coral colonies, like the totel thickness

of the bioatrome, are smaller. Many of the colonies are less than 15cm
in maximun dimencion and few exceed 20cm. Small conpact dendroid and

cerioid Lithostrotionidae dre abundant in a calcilutite matriz with

sparse crinoid debris and small brachiopods. Many adhere to the under-
lying sandstonesurface but others occur above and between the colonies

at the base. Diphvphvllum and Lithostrotion are numerous with

Clisiophvllidee, dominantly Dibunqphylldm,interspersed between them.

Qrionastrzea garwooqi (Hudson) occurs spéradicalT' and is recorded from
Birks Gill and Mirk Gill by Hudson (1929).

Above the coral biostrome the Single Post Linmestone is an
unparted mottled crinoid-ossicle calecarenite with small irregular patches
of coarsely crystalline calcite less than Scm in length in tke upper
part. It has an abrupt irregular top which is expoused best in Routin
Gill (sD 919969) where a relief of 20cm is seen.

On tﬁe north side of the dale the Sirgle Post Limestone is exposed
in Smarber Gill (SD 972990) and Staney Gill (SD 959986) whare it is 5.7m
and 3.5n thick respectively. Along the south side of Swaledale it thins
westword frox.: 2.6n. in Birks Gill (SD 985968) to 2.3m in Crag Sike
(SD 934965), Routin Gill (SD 919965) and Noon Gill (SD 893975).

The section in Long Acres Quarry (NZ 181043), 3km north of
Richmond, shows the character of the Single Post Limestone to change

to the northeast, The Limestone becomes nedium to thick bedded and
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finer grained with much shell debris., The mottling and patches of

coarsely crystalline calcite disappear. At this locality it overlies
ssndstone and though the coral biostrome at its base was not found it
is recorded by Hudson (1924). The top of the Limestone, so easily

recognised to the soutﬁeast, cannot be identified with certainty. By
comparison with sections to the southwest the first apnearance of éhale
.3.15m above the base of the limestone may mark its tOp: If the shale
does mark its top then a coral hiostrome 20cm thick with Diphyphyllum,

Lithostrotion and scattered Dibunophyllum, 2.5u above the base_of the

Limestone, occurs within the Single Post Limestone,

Garsdale and the northwest.

In this area the Single Post Limestone is an unbedded,mottled
crinocid-ossicle calcarenite. It varies from l.lm to 3.65m in thickmess,
rests on a ssndstone pavement and has small irregular patches of
coarsely crystalline ferroan calcite scattered sparsely throughout the
upper part. The coral bicstrome is usually present at its base.

In Birkett Railway Cutting (NY 774029). situated in the southern
part of the Barnard Castle Trough, the Single Post Limestone s 2.65m
thick. It has a ssandy base but no cornl biostrome. It is mottled and
contains tiny elongate patches of coarsely crystalline ferrvam calcite.
The uppermost 60n is a nodular, iron-oxide stained, carbonate breccia
which grades down into non-brecciated mottled limestone. The clasts
support the breccia and vary greatly in sige up to a naximun direnaion
~of about 5Scnm but most are less than 2.5cn. They are generaily round
to subround, consist of light to medium light grey calcilutite with no

visible bioclasts, have a porcellanous appearance and are coruonly



veined by both sparry carbonate and matrix. flost of the sparry carbonate
veins are confined t the clasts. The clasts are set in a calciluiite
matrix which weathers dark reddish brown indicating the presence of
ferrous iron.,

To the south, on the northwest corner of the Askrige Block, tﬁe
Single Post Linestone is exposed in Needlehouse Gill (SD 733971) and in
the River Rawthey (SD 729966). Here it is %m and 3.65m thick respectively
with the coral piosirome 10cm thick at its bvase. In Nor Gill (SD 703440 )
and Penny Farﬁ Giz1 (SD 7029%2) to the southwest the Limestone thins to
2.65m and 2.45h regpectively. The coral biostrome is present at both
outcrops, 30cm thick in llor Gill and 10c¢m thick in Penny Farm Gill where
it can still be recognised in spite of secondary dolomitisation. At 2ll
these localities the top of the Limestone is abrupt and irregular though
poorly exposed,

"Throughout Garsdale the Single Post Limestone is a mottled
crinoid-ossicle calcarenite with an irregular top. The coral biostrome is
well developed and wad found at all the exposures visited with the
exéeption of the small outecrop in Thrush Giil (5D 725900). Sparse
scattered, small, irregular patches of coarsely crystalline ferroan caleite
up to 5cm in length occur in the upper part of the Linestone.

On the north side of Garsdale the Single Post Limestone is
exposed in Thrush Gill (SD 745900), Greenside Gill (SD 753901), Grinning
Gill (SD 762904), and at Clough Force (SD 782922). The coral biostrome
is 10cm to 20cn thick except at Clough Force where it reaches a maximum
thickness of S0cm.

Along the southern side of the dale the best exposures are in
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Cote Gill (SD 780910), Inghoads Railuay Cutting (SD T77906), Assey Gill
(sp 772%02), Blea G111 (SD 958893), Ave Giil (SD 730896) and Pegs Gill
@D 723899). The coral biostrome is variable in thickness, 40cm in
Ingheads Gill (SD 776905) and 50cm in Asscy Gill and Pegs Gill but at the

other localities it is thinner, betwecn 10cm and 25cm. Divhvphyllum,

Lithostrotion and Dibunovhyllum arefabundént with ausociated small

brachiopbds.

In Garsdalé the Single Post Limestorsis thickest at Clough
%orce (SD 782922), 2.6ri. It thins westusrd to 2.%5m in Cote Gill
(sp 780910) vhere, in an insccessible section, it infils a broad hollow
in the underlying sandstone at least 50cm deep. A ninimum thiclmess of
1.1m occurs in Thrush Gill (5D 745%900), the most westerly outcrop on the
northern side of the dale, but throughout the rest of Garsdale its
thickness variation is small and the Limestone is about 1.5m thick. The
southerly thinning along the west side of Baugh Fell therefore continues
into Garsdale, the 2.45m of limestone in Pemny Farm Gill (SD 702932)
thinning to 1.5m in Pegs Gill (SD 723899), the nearect exposure in

Garsdale.

Dentdale and the southeast.

Throughout Dentdale the Single Post Limestore i1s a thin, mottled
erinoid-ussicle calcarenite and overlies sandstone except at the head of
the dale where it rests on, and is fused to, Limestone IVec. It has a
minimum thickness on the northern slopes of Whernside and thickens
away in all directionu.

Along the north side of Dentdale the coral biostrome at the base

of the Single Post Limestone is 15cm to 25cm thick except in Spice Gill
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(SD 746874) where the biostrome thickens locelly to 40cm. Throughout
this area the Linmestone is generally less than Im thick but it thickens
in the west to 1.5m in Scotcher Gill (SD 725874). The outecrop in
Cowgill Beck (SD 770806), farther north than the other exposures, also
- shows an increased thickness. Here,the top of the Limestone is markedly
hollowed {Plates 3 and 4). The broadvholiows, up to 40cm deep, are
infilled by the overlying sandstone of the Lower Parting and give the
Limestone a variable thickness of between 85cm and l.25m;

At the head of Dentdale, in Long Gili (SD T779833), the Single Post
Limestone ovérlies,and is fused to,Limestone IVe. Its base cannot he
recognised as the coral bicstrome is absent and the two Limestones have

" a combined thickness of 1.35m. The lowest 30cm with numerous Succaminopsis

is probably Limestone IVe which has a similar thickness in other parts
of Dentdale.

In Stock Beck (SD 736854) the Single Post Limestone has an
exposed thickness of only 20cm but a gap of 75cm between it and the
overlying beds prevents positive idehtification of its top. It is sandy
at the base with scattered crinoid-ossicles but no coral biostrome. To
the east in How Giil (SD 744855) sand is absent and the coral bed, 15cm
thick, appears at the base of the 40cm thick Limestone. Farther east in
Great Blake Beck (SD 762851) the Single Post Limestone is also 40cm thick but
is sandy, particularly at the base. Tt is a cross-laminated calcareous
sandstone in the lowest part but becomes increasingly calcureous upwards
' and passes into a nodular crinoid-ossicle calcarenite. Although the
coral biostromevis absent, small brachiopods normally associated with

the corals are abundant. Towards the head of Dentdale the sand disappears,
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Plate 3. The Single Post Limestone, Cowgill Beck (SD 770886) lentdale.
Ceneral view showing the Single Post Limestone resting
on Tlaggy sandstones and overlain by calcareous

sandstones of the Lower Parting.

‘Plate 4. The Single Post Limestone, Cowgill Beck (SD 770886) Dentdale.
The irregular top of the Single Post Limestone with
the holiows infilled by calcareous sandstone of the

Lower Parting.



the coral biostrome reappears and the Limestone thickens. In Hézel
Bottom Gill (SD 770839) it is S5cm thick with the coral bed 15cm thick
at it3s bace,

In Deepdale the Single Post Limestone is similar in lithology
where exposed in Broken Gill (SD 716841), Gastack Beck (SD 709827)
~and Coom: Gill (SD 726825). On the west’side of Deepdale in Broken
Gill it is 2m thick with the coral biostrome,30cm thick,at its base
overlylns sandstone. At the head of the dale, however, in Gactack Beck
and Coombe Gill i% rests on Limestone IVc and the coral biostrome is
absent. The two Limestones are inseparable and have combined thicknesses
of 2.45z and 2.9n respectively. |

West and south of Deepdale exposures are very poor. In Ease
G111 (SD 692820), on the southern side of Crag Fell, only 30cm of the
Single Post Limegtone is exposed. It is a mottled, crinoid-ossicle
calcarenite less than 1.5m in total thickness.

On the eastern flank of Whernside in Porce Gill (SD 958821) the
Single Post Limestone overlies Limestone IVe. A dark to medium grey

crinoidal calcilutite 70cm thick with Saccaninopsis in the lowest 30cn

is overiain by 1.65m of poorly mottled medium grey crinoidal calcarenite.
The absence of the coral biostrome makes positive recognition of the
base of the Single Post Limestone impossible but it is prohably at the
base of the mottied calcerenite.

East of Force Gill in the area around Gearstones several good
" sections are seen. In Cate Cote Gill (8D 783816), Hazel Gill (sp ‘185821),
Long Gill (SD 803835) and Lat Gill (SD 802819) the Single Post Limestone

is a poorly mottled crinoid-ossicle calcarenite with scattered, small,
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irregular patches of coarsely crystalline calcite. It overlies and
is sometimes fused to Limestone IVc.
In Long Gill (SD 803831) the coral biostrome, lOcm thick,

contains scattered compact colonies of Lithostrotion and Diphyphyllum,

usually less than 15cm in meximum dimension, Dibunophyllum and

Saccaminonsis. Unlike the corals, Saccaminopsis is not restricted
to the biostrome but also occurs in the limestone above and is abundant
in the overlying 20cm. The Single Post Limestone rests on 35cm of

calcilutite with scattered crinoid ossicles and abundant Saccaminopsis,

Limestone IVc.
Farther south in Gate Cote Gill (SD 783816) and Hazel Gill
(SD 785821) the coral biostrome is absent but scattered to rare

Dibunophyllum occur at this horizon. Here, the Single Post Limestone

is 2.25m thick and fused to Limestone IVe, a calcilutite 35cm +thick with
scattered crinoid debris.. In Lat Gill (SD 802819) Limestone IVe

is probably similar in thickness but its top cannot be recognised as
corals are completely absent from the base of the overlying Single Post
Linestone. A thin bed of calcilutite 8cm thick, with scattefed crinoid

ossicles and abundant Saccaminopsis is overlain by 2.3m of crinoid-

ossicle calcarenite. The lowest 20cm of the calcarenite is sparsely

crinoidal and contains abundant Saccaninopsis. The top of the Single

Post Limestone is irregular.

Several poor outcrops are seen on the northeast slopes of
Ingleborough but the best sections are in Mere Gill (SD 745753) and
its tributaries on the western flank. The coral biostrome at the hase

of the Single Post Limestone is 10cm thick and contains Diphyphyllum.
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It resté on Limestone IVec here 50cm thick. The Single Post Limestone
is a patchily dolomitised mottled crinoid-ossicle calcarenite 1.35nm
thick and contains small patches of light brown to dark yellowish-—
orange-weathering, coarsely crystalline ferroan calcite.

Where the coral biostrome is present in Dentdale and the

southwest Diphyphyllum, Lithostrotion an? Dibunophyllum are common.

Orionastraea, however, only occurs sporadically and is rgcorded from
Doctors Spring (SD 696859) and Aye Gill (SD 741872) by Hudson (1929)

and from Broken Gill (SD 716841) by the author. The Limestcne contains |
small irfegular patches of coarsely érystalline ferrocan calcite which
weather light brown. They are especially prominéﬁt in the north

where the colour mottling is best developed buf are seen as far south
as Ingleborough. Dickite is sometimes seen infilling tiny cavities
associated with the'coarsely crystélline calcite, along stylolites

and in Saccaminopsis tests. 1In all outcrops the Limestone has a well

~ defined abrupt top and some of the best outcrops show it to be
irregular. The irregularity is often difficult to determine because
of fhe very limited width of the outcrops but it is well displayed in
Cowgill Beck (SD 770896) and can be recognised as far south as lat

Gill (SD 802819).

Wharfedale,

The Single Post Limestone is moderately well exposed northeast
of the River Wharfe but to the southwest the exposure is poor. Throughout
this aréa‘it rests on, and is usually fused to, Limestone IVc. They
thicken from a combined minimum thickness of 1.65m in the northwest to

9m in the southeast, The Single Post Limestone has a sporadically
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developed coral biostrome at its base but ncver an irregular top.

In the vicinity of Cem Houses (SD 823832) the Single Post and
Limestone IVc are fuged. They form an unbedded crinoid-ossicle
calcarenite, sparsely crinoidel at the base and poorly mottled above,
2.1m thiclk in Tur Cill (SD 825822), 1.9n in Grainings Gill (SD 828324)
and 1.65m in Far End Gill (SD 833825). In Swarth Gill (SD 848828)#
bedding plane separates Limestone IVc, a sparsely crinoidal calcarenite
TS5cm thick, frem the overlying Single Post Limestone, an unbedded
crinoid:- -ossicle calcareﬁite,l.Bm thick. In Hacel Bank Gill (SD 865826)
the two Limestones, 3.2m thick, are fused together. Their lithology is
the same as in Swarth Gill but the Single Post Limestorne has a well:
developed bedding plane 2m above the base of Limestone IVe. Marther
east in Deepdale Gill (SD 898811) the base of the Single Post Limestone
canriot be icdentified with certainty. The two lowest beds, & dark grey,
pyritic calcilutite 15cnm thick with scattered crinoid debris, small

brachionods and numerous Jaccaminopsis, overlain by a crinoidal

calcilutite 40cm thick, probably belong to limestone IVe. They are overlain
by 2.95m of poorly bedded, medium grey crinoid-ossicle calcarenites.

" On the south side of Langstrothdale in Bowther Gill (8D 906772) the

Single Post Limestone is fused to Limestone IVc and has one bedding

plene 2.%2m above the base of Limestone IVe. The base of the Single Post
Limestone cannot be recognised and the combined thickness of the two
Limestones is 5.2m. The lcwest part of the Limestone is a dark

grey crinoidal calcilutite which passes up into a paler, medium grey,
mottled crinoid-ossicle calcarenite. The coral biostrome is absent

from all these localities.
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Besides being absent in Langstrothdale and to the northwest,
the coral biostronme io also‘absent in [Littondale. At Cosh Beck Head
(SD 844777) the Single Post Limestone is fused to lLimestone IVe. They
aie unbedded crinoid-ossicle calcarenites at least 3.5m thick. 1In
Halton Gill (SD 882773) the Single Post Idmesteone iu a thick bedded

‘crinoid—ossicle calcarenite but, because its base and top cannot be
distinguished from Limestore IVc and the Cockleshell Limestone
respectively, its thiclimess is unkncwn. On the south side of the dale
on Hesleden Higzh Rergh (SD 871751) a crinoidal calcilutite 25cm thick

with abundsnt Sacceminopsis is overlain by a crinoidal calcilutite

85cn thick, beneath crinoid-ossicle calcerenites belonging to the
Single Post Linmestone. The calcilutite with Sgeqaminopsis certainly
belongs to Limestone I¥c but the exact position of the base of the
Single Post Limestone is unktmown.

In Crooke Gill (SD 84573%) the Single Post Limestone is an
unbedded medium grey crincid-ossicle calcarenite 3.1u thick. Its base
is marked by the coral biostrome, 10cm thick, composed of small compact

colonies of Diphvrhryilum. It rests on Limestone IVe, a slightly darker,

sparse crinoid-ossicle calcarenite, €5cm thick. A% this locality
Limestore IVc also has_a coral Tauna at its base.

To the southenst, in Darmbrook Beck (SD 878717) numerous srall
compact colonies of Diphvphvllum are seen in the patchily developed
biostrome at the base of the Single Post Limestone. It rests on Limestone
IVc, 55cm thick, and contains QOrionastraea (Hudson,l929). The Single
Post Limestone is 2nm thick and thick bedded at this locality but its

top is difficult to recogniss.
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South of Darnbrook Beck the outcrops are poor. Mapping by
Moore(unpubl.) has shown that only one good outerop of Middle
Limestone is scen between the North and Mid Craven Faults at Gorbeck
(sp 858657). The lowest exposed bed, a medium gfcy'crinoidal
calcarenite,of which cnlﬁ 45cm is seen, is probably part of the Single
Post Limestone. It has been secondarily dolomitised énd is bio=-
turbated. Ho cuterops cccﬁr beneath and a gap of 65cm separates it
from the next exposed overlying bed,

Along the east side of Wharfedsle the Single Post Limestone is
well exposed. It is fused to Limestone IVc and thickens southwards.
In Buckden Beck (SD 952779) the coral biostrome is absent and the
Single Post Limestone, an unbedded medium grey crincid-ossicle celcar—
enite, and Linestone IVe, a crinoidal calcilutite, have a combined
thiclkness of 6.45n.

To the southeast in Park Gill Beck (SD 927753) the base of the
Single Post Limestone is identified easily as the coral biostrome is
present. It is 15cm thick with small, compact colonies of Diphvphvllum

and Lithostrotion resting on crinoidal caleilutitz 60cm thick. Limestone

IVc. The Jingle Post Limestone is a medium grey crinoid-ossicle
calcarenite 8.65m thick with Orionastraea 60cm above its base.

South of Park Gill Beck the corul biostrome is absent though
scatiered corals are sometimes seen in the lower part of the 5ingle Post
“Iimestone. At Providence Mine (8D 993728) the Single Post Limestone and
Limestone TVc form an unbedded medium grey crinoid-ossicle calcarenite
8.4m thick. QOrionastraea is recorded from the 'base' of the Hiddle

Limestone above Kettlewell by Garwood & Goodyear (1924) and more



specifically fron Dowber Gill and Providence liine by Chubb (1926).

In 1929, Huduon recorded both Orionastraca garweodi var pristina

(Hudson) and Orionastraea rate (Hudson) from this horizon in Yhernside

Pasture. Reference in these publications to Orionastraea at the

base of the Middle Limestone (i.e. at the base of the Single Post
.Limestone which at this time included Liméstone IVe) is slightly nmis-
leading as the coral occurs above the base of the Limestone as shown
in Chubb's section of the Strata in Providence Mine (Chuﬁb,l926). The
small scattered colonies of QOrionsstraea in their position of growth
are seen glong a single horizon about 1.2m above the base of Limestone
IVc, probably about 60cm above the base of the Single Post Linestone
as in Park Gill Beck.

To the south the two Limestones become more crinoidal and thicken
to about 9 netres, maintaining this thickness as far south as Bare House
(SE 005669). Although the coral biosirome is absent, in the reg;ic.)n of
Capplestone and Kelber, small poorly devéloped colonies of Diphyphyllun
arc seen rarely in the lower part of the Single Post Limestone up to 2
metres sbove the base of Limestone IVe.. Chubb (1926) recorded
Orionastraea from the 'base'! of the Middle Limestone (i.e. the lower part
of the 3ingle Post Limestone, see gbove) in the area of Keiber Gate
(SD 002684) and Gill House (5D 012683).

South of Bare House the two fused Linestones thin end above the
sSpring (sp 003665), southwest of Bare House, they form a medium to medium
light grey crinoid-ossicle calcarenite 8.5m thick. The basal 1.2n has
suffered intense secondary dolomitisation and is a greyish-orange,

coarsely cryctalline dolomite in which only a few relies of bioclasts
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survive. Farther south the c¢rinoidal calcarcnites pasas into sparse
crinoidal calcarenites and become darker in colour. At the southern
most exposure (SD 005658) the Single Post Linestone ard Linmestcne IVe
~are Tm thick. The basal 9Q0cn is highly dolomitised and small chert
'nbdules are scattered sparsely throughout the Limestone above. To
the south the Single Post Linestone is obscured by the overstepping

Bowland Shale.
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THE LOYER PARTING.,

—

SUMEARY.

The Lower Parting overlies the Single Post Limestone. Its top,

defined by the base of the Cockleshell Limestone, is marked by a

distinctive mottled calcilutite over much of the Asl-rigg Block. The
"Lower Parting is thickest to the northwest of the Askrigg Block in.the
southern part of the Barnard Castle Trough. Here it is 9m thick and
congists dominantly of deltaic micacoous sandstones and sheles., It
thins southeastwards. The deltaic sandstones reach only the northern
edge of the Askrisg Block where crlcilutites become prominent. As the
Lower Parting thins further calecilutites form more of the succession
and the shales thin and eventually fail, Farther south the calciluiites
also thin and fail so that over the southernm and southeuastern parts of
the Askrigg Block the Iower Parting is absent.

In Garsdale the Lower Parting consists entirely of calcarcous
sandstone. The sandstone is marine with hrachiopcds and was derived
from west of the Dent Fault. It is located near the area of maximum
. uplif't which post-dated accumulaticn of the Single Post Limestone.
Bvidence suggests that during this uplift the Single Post Limestone was
completely removed in the area west of the northwest cornsr of the
Askrigg Block exposing thé underlying sand. The sand was eroded by
currents and redefosited in Garsdale to form the Iower Parting.

Over most of the Askrigg Block the uppermost caleilutite of the
Lower Parting contains grey mottles which weather pink. Hudson (1929)

considered they were siliceous sponges and named them Erythrosporygia

ithodes. They are now shown to be burrows,
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THE LOWZR PARTIIG.

DETATLS,

Wensleydale.

Along the northern side of Wensleydale the Lower Parting is
well exposed and complete sections are seen at Ure Force (SD 801932)
and in Parn Cill (SD B07929), Fossdale Gill (SD 816920), Whitfield
Git (SD 930923} and Arm Gill (SD 953923). It increases in thickness
eastwards from 2.1n at Ure Force and in Tarn Gill at the head of the
Dale to 2.9m in Fossdale Gill and 4.55m in wWhitfield Gill attaining
a mexinun of 5.1o in Arn Gill, East of Arn (i1l it thins to about
2.9m in Beldon Beck (SD 013913). The Lower Parting consists of medium
to thick bedded calcilutites and very thin to thick interbedded shales,
The shsles are well developed in the west but thin and eventunlly fail
to the east where the succession is composed entirely of calcilutitfes.
The top of the Lower Parting, defined by the base of the Cockleshell
Limestone,is at the top of the shale directly overlying a distinctive

]
mottied calcilutite (the\E:ythrospongia bed of Hudson, 1929) er where

the shale is absent, at the top of the mottled calcilutite. The beds
contain orly a sparse fauna of smalil productids, including spinose
types. end bellerophontids.

West of Beldon Beck (SE 013913), shale overlies the irregular
top of the Single Post Limestone excep’ in Whitfield Gill (SD 930923)
where .mudstore underiies the shale. Theyinfill hollows in the irregular
top of the Single Post lLimestone and thercfore are variable in thickmess.
The relationship between the irregular top of the Single Post Limestcne
and the overlying beds of the Lower Parting is well seen in Whitfield

Gill. Here the largest hollow exposed in the top of the Limestone is
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infilled by 30cm of nedium grey wmudstone overlain by 45cm of dark

to medium grey calcarzous shale with sunall Spirifers and productids,
Both the mudstone and the shale thin rapidly towards the edges of the
holliow and are absent over the highest pérts of the Limestone. Here
the calecilutites which usually overlie the calcareous shale rest
directly on the Siﬁcle Post Limestone showing the top of the Limestone
" to have relief of 75cm. West of Wﬁitfield Gill the shale averages
50cm thick but thins eastwards to 20cm in Arn Gill (SD 953923).
Exposures at this level are poor east of Aim Gill but the shale is
absent in Barney Beck (ST 049919) and Wensley Beck (SE 092898). Mediun
to thick badded calcilutites with very thin to thick interbedded
calcaraocus shales overlie the shale west of Beldon Beck (SE 013913%)
but from Beldon Beck eastwards shales age absent,except for ocecasional
thin shaly partings, and the Lower Parting is composed entirely of
calcilutites.

In the west, the calcilutites, interbedded with calcareous
shales, are nediun to dark grey, often sparse in bioclastic debris and
argillaceous. They have a dirty grey-brown appearance where weathered.
In the east. where interbedded calcareous shales are absent, the
calcilutites are less muddy and weather grey rather than grey-brown.
Thin chert stringers and nodules are developed in the upper part of
these beds in Whitfield Gill (SD 930923) and Arn Gill (5D 953923) at
a similar horizon to the chert scen in Routin Gill (SD 919969) in
Swaledale. In Whitfield Gill (SD 9%0923) the thin cherty horizons are
developed at the top of individual beds of calcilutite and have

irregular contacts with the carbonate beneath. The chert is most
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abundant in Arn Gill (SD 953923) where it is more widely distributed
through the upper beds, oceurring in both thin stringers and nodules.
The uppermost calcilutite of the Lower Parting, lithologically
distinctive over nmuch of the northwest Arkiigg Block, is especially
conspicuous in parts of Wensleydale. At outcrop this pale grey-
weathering, often mottled, caicilutite contrasts with the darker grey
“underlying ;nd overlying beds of the Lower Parting and Cockleshell
Limestona respectively. It was first described in detail by Hudson

(1929) who considered it contained the siliceous spornge 'Erythrospongia

lithodes' (Hudson). 7This horizon is seen best in Whitfield Gill
(3D 930923) and Arn Gill (SD 953923).
In Vhitfield Gill (SD 9%0923) it is a medium to light grey

calcilutite 85cm thick with numerous,well developed, dark grey, pink—

weathering mottles. On exposed surfaces the rivttles are usually
circular to subcirculsr or clongate, cormonly lecm to Sem in raxinum
dinension (Plate 5). Tiny veins of coarsely crystalline calcite,
confined to the dark grey. pink-weathering patches, are abundant. MHost
have a radial orientation but concentric veins are also common. Tﬁey
appear to be calcite infilled tension fractures.

In Arn Gill (8D 953923) the horizon is thicker, & 1.05m medium
to pale grey calcilutite with a shaly, nodular-wveathering central 25cm.
The upper and lower parts of this bed are sinilar to the exposure in
Whitfield Gill (SD 930923) except that the dark grey mottles do not
show a vivid pink colouration on exposed surfaces but weather grey or
only slightly pink. The central part, a shaly calcilutite, contains

calcilutite nodules similar in size and form to the dark grey ﬁatches



Plate 5, The Lower Parting, Whitfield Gi11 (SD 930923), Wensleydale.
The bioturbated calcilutite at the fop of the Lower Parting

(the. 'Erythrospongia' bed of Hudson, 1929)
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in the lower and upper parts of the bed. The nodules, lcm to S5cm in
dianmeter, are dark grey, scuetimes weather pink and are round to
subround or occasionally elongate. They often have an irregular
marmilated surface and are sometines agglutinated. Hudson (1929)
described the nodules from Arn Gill (SD 953923) and considered they

were siliceous sponges naming them 'Ervthrosponria lithodes'(Hudson).

.His conclusion is disputed here as they are proved to be biotﬁrbation
strﬁctures (p. 183)

The nottling becomes less distinct in all directions avway
fron the Whitfield Gill - Arn Gill area. VWhere £:int, its reccgnition
depends on the state of weathering of the outcrops. It shows best on
clean-veathered and watem—eroded surfaces and if often difficﬁlt or
impossible to recognise on ffeshly-broken or badly weathered surfaces.
On the norfh siae of Wensleydale the mottling can be recognised from
the head of the dale eastwards ‘o Beldon Beck (SE 013913) but it has
not been recorded farther east,

Throughout this area the mottling is confined to a single bed
of calcilutite except in Arn Gill (5D 953921) and Fossdale Gill (SD 861930)
It is thickest in Arm CGill 1.05m and thins eastwards to 30cm in Beldon
Beck and westwards to 45cm in Tarn G411 (SD 807929). TLocal thinning
occurs iun Coal Gill (SD 881917) where it a slightly nodular calcilutite
only 30ci thick. 1In Fossdale Gill (SD 86193%0) a lower mottled calcilutite
15cm thick is separated by a 1Ccm shale with calcilutite nodules from an
overlying calcilutite 45cm thick mottled in its lower 20cm. - The outcrop
is conparabie to the section in Arn Gill (5D 953923) except that the shaly

nodular central part of the calcilutite in Arn Gill is represented here by



a well develeped éalcareous shale containing calcilutite nqduleé.

West of Beldon Beck (SE 013913) a calcareous shale of variable
thiclkness overlies and separates the mottled calcilutite from the
Cockleshell Limestone. It is thickest in Whitfield Gi11 (SD 302923),
20cn., but eléewhere it is less than 10cu thick. In Arn Gill (5D 953923)

‘and Fossdale Gill (SD 861930) it is Scm thick but at most localities it
is Qéry thin forming only a shaly parting.

The Lower Parting thins south from the norih side of Wensleydale
but on the southefn side of the dale exposures ars sparse and poor.

In this area its top is not identified easily because the mottling which
characterises the uppermost calcilutite is faint or absent. The beds
also becone more bioclastic southwards. They assurme a lithology similar
to the overlying beds of the Cockleshell Limestone meking difrferentiation
between them difficult.

In the west partial sections of the Lower Parting are exposed
in Hollin Gi1l (SD 823913), Mossdale and in Cragfold Sike (SD 839906) to
the east. It is 2.4m and 2.3%m thick respectively but the lowest 8Ucm
at lollin Gill and 1.2m at Cragfold Sike are not exposed. Shale probably
directly overlies the Single Fost Limestone followed by calcilutites.

The exposed beds are pale grey weathering, medium grey, mediuﬁ to thick
bedded calecilutites with sparse bioclastic debris. The mottling in the
uppernost bed is fiint and best seen in Cragfold Sike.

The Lower Parting is not exposed in Gaudy House Sike (sp 855387)
on the north side of Ten BEnd but farther cast in Horton Gill (SD 903883)

on the northeast slopes of Wether Fell calcilutites are poorly exposed



and blocka of mottled calcilutite are displaysd in the walls nearby. A
better section is seen at Burnett Force (SD 942873) on the flanks of
Addleborough though the absence of the mottled cnlcilutite nakes
recognition of the top difficult. The Lower Parting is probably 2.2m
thick but the lowest 45cm is not exposed. The exposed beds are medium
to dark groy, mediun to thick bedded calcilutites with sparse bioclastic
- debris. a shale, 25cm thick, cccurs 80cm above the base. South of these
outcrops the Lower Parting is difficult to recognise. Nearly all
exposures of this horizon are confined to the heads of the southern
tributary dales of Wensleydale.

In the west in Long Sike (sp 817842) and North Scar Gill
(SD 818841) at the head of Snaizeholme thé beds of the Lower Parting
are difficult to distinguish from the overlying Cockleshell Limestone.
They are medium to thick bedded calcilutites 1.7m thick with scattered
bioclastic debris, The uppermost bed shows only a vague mottling. The
Lower Parting is also cxposed to the east at the head of Sleddale in
Banlr Giil (SD 853850). Here, the Single Post Limestore is overlain by
20cm of calcareous shale followed by medium beddsd argillaceous
_ caleilutites with shell debris and scattered crinoid osgicles, The
calcilutites become iess muddy upwards and pass into medium to thick
bedded calcilutites with scattered crinoid debris. The top of the Lower
Parting is dirficult to recognise but occurs at the top of a mediun grey
calcilutite 80cn fhick with scattered crinoid debris, giving the Parting
a thickness of 2.20m.

Ferther east in Crugdale,‘at Middle Tongue. Gil2{ED 920324) and

Shaw Gate Gill (5D 926844) the beds of the Lower Parting, if present,
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cannot b distinguiched from the Cockleshell Limestone.

At the head of Bishopdale, the ILower Parting consists of one
bed of poorly mottled calcilutite lm thick in Foss Gill (SD 956838),
QOcnm thick in Hyers Gill (SD 97¢82C) and 85cu in Back Gill (SD 951822).
At all these localitiec it is a pale grey weathering. mediun gréy ‘
calcilutite with dark grey to greyish—pink nottles. In Raffen Gill
"(SD 951814) to the south a gap of Sbcm occurs at this horizon hut the
beds below and ebove belonging to the Single Post Limestone and Cockle-
shell Limestone respectively show the Lower Parting to be 50cm or less
in thickness.,

In lower Waldendale the beds of the Lower Parting are poorl
exposed around the northwestern flanks of Penhill. They are medium
to thick bedded, pale grey-weathering, medium grey caleilutites., At
Long Ing Wood (SE 022860) and Scar Folds (SE 020849) the calcilutite
with grey to greyish-pink mottles is exposed at the top of these beds
which are 2.20m and 2.25m thick respectively. Farther up the dale at
Ashes Farm (SE CO&321) and in Walden Beck (SD 980798) the Lower Perting
cannot be recognised and appears to have thinned out completely,
- allowing the Cockleshell Limestone to rest directly on the Single Post
- Linestone.

A similar situation is seen in Coverdale where, in the upper
part of the dale in Slape Gill (SE 001778) the Lower Parting appears to
be absent but in lower Coverdale in Great Gill (SE 073840) the Lower
Parting is 1.35n thick and consists of two beds of medium grey calcilutite

with shell debris.
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Swaledale and the northeaut.

In Swaledale the Lower Parting is exposed complefely only in
Routin Gill (5D 919969) but partial sections are seen in Staney Gill
(SD 959986), Birke Gill (SD 985969), Crag Sike (SD 98i963) and in Noon
¢ill (SD 893975).

In Routin Gill the Lower Parting, 5.8m thick, is similar to
‘1ts development in Whitfield Gill (SD 930923) and Arn G111 (SD 953923),
Wensleydzale but sandstone is present in addition. A silty shale, 20cm
thick, rests on the Single Post Limestone and is overlain by three
medium to thick bedded micaceous sandsiones wlth thin interbedded
shales. A thick argillaceous calcilutite and calecareous shale follow,
overlain by nedium and thick bedded calcilutites with two thin chert
stringers and thin shale partings. The lower calcilutites are dark grey
and muddy but the clay content decreases in the upper beds vhich are
medium grey in colour. The uppermost calcilutite, Im thick, contains
poorly defined,dark grey mottles and is separated from the Cockleshell
Limestone by a very thin shale partirg.

The lower Parting contains no sandstone in Wensleydale to the
. south, in Hoon Gill (SD £95975) to the west, or in Birks Gill (3D 985969)
or Crag Sike (SD 984968) to the east but in Staney Gill (5D 959986) to
the northenst sandstone is present. It occupies a position in the Lower
Parting similar to the sandstone in Routin Gill. It is at least 40cn
thick but only the upper part is expeosed. A gap of 60cm separates it
from 70cm of shale, overlying the Single Post Limestons. A pale grey-
weathering medium grey caleilutite Im thick with pink mottles forms the

uppermost bed of the Parting and is separated from the underlying
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saundstone by a gap of 60cm. The Lower Parting is thoerefore 3.3m thick.

On the southern side of Swaladale the outcrops in Birks Gill
(5D 985969) and Crag Sike (SD 984968) are similar. The best exposure
is in Crag Sike though the shaie,at least 40cm thick, overlying the
Single Post Limestone is only exposed in Birks Gill. TIn Crag Sike the
shale is less than 65cm thick as calcilutites are exposed at this distarce
" above the Single Post Limestone. The lowest medium bedded, dark grey
caléilutites are overlain by two thick mediun ey calciiutites the
upper of which is mottled. The shale parting separating the mottled
calcilutite from the Cockleshell Limestone in Routin Gill has thickened
here to at least 40cm but its total thickness is unknown as a gap of
Xcm separates it from Tirs:i exposure of the Cockleshell Limestone. In
Crag Silze the Lower Parting is &t least 3.6m thick but does not exceed
4.5m. In Birks Gill it is less than 4.15z thick.

To the west of Routin Gill, in Moon G111 {SD 893975) the poorly
exposed Lower Parting is 3m thick. Only 80cm of ruddy caleilutites,
55cm ahove the base of the Single Post Limestone, and the uppermost 40cm
of the calcareous shale, immediately beneath the Cockleshell Limestone,are
- . seen, though loose blocks of moffled calcilutite with pink weathering
mottles were recorded.

Fortheast of Sualedale in Long Acres Quarry (HZ 181043) the
beds of the Lover Purting cannot be recognised with certainty. Two thin
calcareous shales separated by = culcilutite-18cmtthick which overlie
the Single Post Limeasione and underliebeds bhelonging to the: Cockleshell

Lircestone may ropresent the Lower Parting.
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Garsdale and the necrihvest.

In the arca studled the Lower Parting reaches ity maxinum
thickness in the Birkett Railway Cutting (NY 774029), north of the
Askrigg Block in the southern part of the Barnard Castle Trough. It
is 9n thick and consists dominantly of shales with sideritic nodules
overlain by micaceous sandstenes and shales. The sandstones are very
fine to medium graired, carbonuaceous ana cormonly parallel-or ripple -
cross-laminated. A poorly exfosed ceal Sen to 15cn thick resting on
Bqu of mudstone occurs 0cm above thz base of the Parting and two
limestones, a lowver, red veathering, pyvritic, slightly sandf, dark grey
calcilutite 8enm tﬁick and an upper, dark grey calcilutite 22cm thick
are seen 5.7%m and 8.45m above the base respectively.

The Lower Parting thins southwards to 4.9m in Needlehousge Gill
(SD 033971) on the northwest corner of the iskrige Block. Calcareous
shales with tLin te medium bedded calcilutites interbedded in their
upper part form the lowest beds and pass up into medium to tlick bedded
ecalciiutites overlain by calcaredus sandstone. Bedding planes in the
interbedded calcilutites and shales are irregular and compressionally
* deformed. The uppermost calcilutite, %em thick, contains small chert
nodules in +the wpper part and is wottled in its lowef 30cm. It overlies
a sinilarly nmottled calcilutite.25cm,thick which ir turn rests on a
shaly nedular caleilutite, 13cm thick, similar in aépeurance to the
nodular caleilutite in Arn Cill (SD 953923, Wensleydalq). The top hed
of the Lower Parting is a medium grained calecarsous sandstone 1,2m thick,
with only a slightly calcureous central part.

Purther thinning takes place to the scuth and sandstone appears
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beneath the nodular calcilutite. In Penny Farm Giil (SD 702932) the
Lower Parting is 2.65m thick. It consists of a lower shale 8%5cm thick
overlain by a calcareous sandstone and sandy limestone 25cm and 65cm
thick respectively. The sandy limestone is separated by a 30cm
nodular calcilutite from a slightly sandy limestone 60cm thick,

the uppernost bed of the Parting.

To the south and southwest the nodular calcilutite passes into
a véry thin sﬁale before -disappearing and the underlying.and overlring
sandy limestones become increasingly sandy and pass laterally into
variably calcareous sandsiones.

In northern Garsdale the most westerly exposure of these beds
is in Thrush Gill (8D 745900); Here the Lower Parting is 2.25m thick
and consists of a thick shale overlain by two thick bedded calcareéus
sandstones. The sandstones are separated by a very thin shale, the
lateral eaquivalent of the nodular calcilutite seen ferther north, dbut
this disappears to the south and west. The lower part of each sandstone
is more calcarcous than the upper part and traces of erosa-lanination
can be detected on suitably weathered surfaces., In northern Garsdalias
,Ithe only complete section of these bLeds is seen in Greemside Gill
(SD 753901). The shale at the base is silty and has thinned to 40cm
whilst the overlying sands*tones have thickened giving the Lower Parting
a total thickness of 2.7m. The sandstones are also well exposed in
Ay Gi11 (sp 75690.3), Crinning Gill (5D 7629C4) and Garth Gill (8D 771910).
All are at least slightly calcareous but differential weathering enablos
distinction to_bc made between the slightly calcareous and highly

calcareous sandstones. Those with a low carbonate content weather with
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planar frces but with increasing carbonate content the faces become
rounded and dizsclution of the carhonate gives a porous woeathered
surface. The upper parts of individual heds are frequently less
cdlcaréous than the lower parts. Traces of cross-lanination are
visible on some of the surfaces etched by weathering.

On the southern side of Garsdale shales are absent in the west.
" In Pegs Gill (SD 723878), the wost westerly section, only the sand-
stones at the top of the Lower Parting are cxposed hut the complete
' secfion in Aye GilII(SD 73C396) shows the Lower Parting to consist of
i.65m of thick bedded variably calcareous sandsiones. Bast of Ay
Gi1l (SD 730896) these beds are fully exposed in Blea Gill (SD 758893)
where they are thick bedded,calcarcous sandstones but farther east in
therailuay cutting above Ingheads (SD 777906) o mediun bedded shale is
seen. Hero.the Lewer Parting reaches 1ts maximum exposed thickness in
Garsdale of 3,1m. A calcareous sandstore 30cm thick overlies the Single
Post Limestoﬁe and is overlain by a buff coloured sandy dolomi tised |
limestone 55cn thicl: containing brachiopods. Shale 20cm thick .~ .
follows, overlain by thick bedded,calcarecus sandstones. The tops of the
sandstone beds are bicturbated but traces of cross-lamination are
preserved in places beneath. In Smout Gill (sp 779908% the nmost easterly
section on the scuth side of Garsdale,?2.15 m of thick bedded culcareous
sandstonas are exposed.

Northeast of Garth Gill (SD 771910) and Smout Gill (SD 779908),
on the north and soﬁth sides of Garsdale respectively the calcareous
sandstdnes pass laterally into limestones. At the head of the Dale in

the River Clough (SD 782922) the Lower Parting is ahout 2.65m thick
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but only the upper part is sandy. It consists of o lower shale,
medium to thick bedded calcelilutites and an upper vern thick enlcarenite
which conteins quartz sand in 1ts upper 80cm, most abundant at the top.

East of the River Clough the sand disappears conplet:ly.

Dentdale and the southwest.

In this area the Lower Parting is.sandy only in Cowgill Beck
(sp 770386), the most northerly exposure. At this locality it is l.SSm
thick and consists cf thick bedded, mediw grained,calcareous sandstones.
The lowest hed infilishollows up to 40cm deep in the top of the Single
Pout Limestone and is of variable thickness (Plates 1 & 2). The.sand-
stone at the top of the Lower Parting becomes increasingly calcarecus
and passes from a calcareous sandstone into a sandy linestone in its

upper 20cz. Sparse small brachiopods including komarginifera occur in

the calcareous sandstone.

Southwest of Cowgill Beclz in Aye Gill (SD 741872) and Stock
Beck (SD 734870) sand is absent and the Lower Parting consists of dark
to mediun grey, nedium to thick bedded calcllutites with scattered
crinoid debris. The top of the Parting cannot be recognised and its
thickness is unknown.

Southeast of Cowgill Beck along the north side of Dentdale the
Lower Parting thins to 1.25m in Arten Gill (sp 785859) and to 80cm in
Long Gill (8D 779333) at the head of the dale. The lowest beds arc not
vexposed in Arten Gill but the complete section in Long Gill exposes thin
hedded dark grey shaly calcilutites overlain by a pale weathering, nedium
grey calcilutite with poorly defined dark grey mottles. The mottled

calcilutite has an irregular base and a thickneus varying between 30cnm
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and 60cra. In Arten Gill it is 6%mthick.

The Lower Parting thickens along the south =ide of the Denitdale
from the head of the dale westwards. On the northern slopes of Whernside
it increases from 95c¢m in Hazel Bottom Gill (SD 770839) to 1.25m in
Great Blake Beck (SD 752351) and How Gill (8D 744855) reaching about
1.45n in Stock Beck (SD 7326854 ). The uppermost calcilutite also thickens
4 westwards from 55cm in Hazel Bottom Gill (SD T708%9) to T0cm in Stock
Beck (SD 736854;. In Great Blake Beck (SD 762851) it is locally thin
varying from 25cn to 45cm and hes an irregular base, as in Long Gill
(SD 779833). The colour mottling at this horizon is well develoned in
Hazel Bottom Gill where it is associated with large spreite burrows but
at the other localities it is only seen pcorly.

The thickening continues into Ds=pdale. In Broken Gill (SD 716841)
the iover Porting is 1,7m thick hut at thé head of the dale in Coorhe
Gill (SD 726825) end Gastack Beck (SD 709827) it has increased to 2.755m
and 2.45m respectively. The best section, in Gastack Beck, exnoses
mediun td thick bedded, dari to nedium grey crinoidal calcilutites and
calcarenites with thin shaly partingé and a central very shaly calcilutite
25cw thick. A ecaleareous shele, 15cm thick, absent in Coombs Gill and
Broken Gill,forms the upper bed of the Parting. Tn Coombe Giil the
calciiutite at the top of the Parting is at least 1.2n thick. Its lower
part is moittled and contains tiny elongate patches of coarsely
crystalline calcite usually less than lem long.

The calcilutites in Decpdale are extensively hurrowed. The
burrow systens are comrmonly horizontal and hest observed on bedding planes.

They are large, sometimes exceed 20cm in length and 2cm in diameter,



branch sparsely and often have spreite.

Southwest of Deepdale the Lowar Parting is poorly exposed in
Ease Giil (SD 692820). It is at least 2.2m but not greater than 2.9m
thick., The highest bed of pale weathering, mediun grey calciluitite,
25cm thick,is not mottled and overlies poorly exposed dark grey
calcilutites.

The section in Force Gill (SD 758321), southeast of Deepdale,
is similar tc¢ the exposurs in Gastack Beck except that the beds have
thinmed to 1l.6m. As in Gastack Beck, the crinoidel calcilutites with
thin shely partings are burrowed and a thin shale forms the uppermost
bed. PFarther easteﬁound Gearstones the Parting is fully exposed in
Long Gill (5D 803835), Lat Gill (SD 802819) and Hazel ¢i1l (SD 785821).
In Long Cill and Lat Gill it is conmposed of medium and thick bedded
crinoidal calcilutites. It thins to l.lm in Hazel Gill vhere i%t consists
of oniy twvo beds of calcilutite, the lower being crinoidal, The upper
bed is characteristically mottled but in Long Gill the mottling is ahsent
and in Lat Gill it is restricted to the lowest part of the highest bed.

To the south on Ingleborough the beds of the lower Parting cannot
be recognised and appear to be absent. The possibility that they are
present but canrot be distinguished from the Cockleshell Limestone
cannot be excluded. However, by comparison with the area to the east
where southerly thinning and eventual disappearonce of the Lower Parting

can be proved, it seeps probable that the Lower Parting is absent.

Vharfedale,
In Wharfedale the thin Lower Parting is restricted to a few

outcrops on the north side of Langstrothdale. It fails 4o the south
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where the Cockleshell Limestons dircctly overliea the Single Post
Limestone. In the noitheast near Can Houses it contains sandstone,
The sandstone is exposed only at three localities, Tur Gill

(S 825822), Far Erd Gill (S 833825) and Grainings Gill (SD 828324),
It is absent from the rather sparse surrounding outcrops though it
forms neariy alil the Lower Parting in Carsdale (p 76).The ILower
" Parting is 1.2n thick in Far End Giil and consists of two medium bedded
liﬁestones overlain %y a calcarcous sandstone.. 6Ccm thick. The lowest
bed, a crinoidal calcilutite,is overlain by a calcarenite with
bioclastic debris concentrated at its centre; It teeomes sandy tovards
the top and is succeeded by the calcareous sandstone which has a highly
calcareous central purt. Southeast, in Tur G111 (sD 825222). the
calcareous sandstone rests directly on the Single Post Limestone, It is
slightly thinner, 55cm thick.and has a hizhly calcarcous central rtart
as in Far End Cill. In Grainings Gill (5D 828324), east of Tur Gill,
cnly the uppermost 25cm of the calcareous sandstone is exposed.

To the east in Swarth Cill (SD 848828), Hazel Bank Gill (5D 865826)
and Deepdale Gill (SDb 892811) the Lower Parting is absent but in Croock
Gill (SD 929797) it is represented by a thin calcareous shale overlain
by TOcnm of mottled calcilutite. Over the rest of this darea south of

these outecrops the Lower Parting is absent.
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THE COCKLESHELL LTMESTONE.

SUMMARY .

The Cockleshell Limestone accumuleted over the entire Askrigg
Block. In the north it rests on the Lower Parting but in the south,
where the Lower Parting is absent, it overlies the Single Post Limestione.
The Cockleshell Limestone is thinnest in the west (35cm to 4m) and
thickens in the east (lOm) and southeast (lSm). Over all except the -
southern and central western parts of the Askrigg Block it has a fauna

of Gigantoproductuskand sometimes Lithostrotion. It is cherty in the

east with numerous chert nodules, often situated in the concavity of
gigantoproductid valves most of which are in their position of growth.
Decomposition of gigantoproductid'organic matter after death is thought
to have created a locally favourable environment for silica precipitation.
Thickening of the Cockleshell Limestone is accompanied by a
change in lithology from crinoidal calcilutitesto crinoid calcarenites
and in the southeast, where thickest, bioherms are developed. The
bioherms consist of bryozoan calcilutite cores up to 4m high capped and
flanked by coarse crinoid-stem calcirudites. Depositional dips and
geopetal structures in the flanking calcirudites show the bioherms

existed as primary mounds on the sea floor.
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THE COCKLESHELL LIMESTONE.

DETAILS.
Wensleydale.

Along the north side of Wensleydéle the Cockleshell Limeétone
thickens from 3.%m in Tarn Gill in the west to over ém in the east.
Most of the thickening occurs between Whitfield Gill (SD 930923) and
Disher Force (SD 981904) where it increases from 4.1lm to 9.9m. In
Fossdale Gill (SD 8619%0) it is locally thin, only 2.65m thick.

From the head of the dale east to Whitfield, the outcrops at
Ure Force (SD 801932), Tarn Gill (SD 807929) Fossdale Gill (SD 861930),
Coal Gill (SD 881917), Sar Gill (SD 908918) and Whitfield Gill (SD 930923)
show the Cockleéheli Linestone to consist of medium and thick bedded,
dark to medium grey crinoidal calcilutites with very thin shale partings.
The calcilutites are sparsely crinoidal and have a bluish tint.

Gigantoproductus, rare in the west, becomes numerous in Sar Gill and

Whitfield Gill in all but the lowest part of the limestone.

East of Whitfield Gill the Cockleshell Limestone thickens
rapidly and becomes very cherty. In Arn Gill (SD 953923) it is 6.7m
" thick and magnifiéently exposed in the side of a small gorge. It is a
dark grey calcilutite with scattered crinoid ossicles up to 3co in
diameter and sometimes articulated into short lengths of stem. The shaly
partings seen to the east and west are represented here by thin
argillaceous streaks too thin to produce partings. The Limestone is full

of Gigantoproductus and chert nodules in all but the lowest 40cm. Many

of the chert nodules are situated in the concavity of Gigantoproductus

valves which are nearly all in their position of growth. 1In addition to
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nodular chert, disseminated chert is also present. It is easily
recognised on weathered surfaces because the silicified areas are
abrasive and stand proud from the surrounding limestone. Freshly
broken surfaces show the milky opalescence of chalcedony. In

addition to Gigantoproductus, Moore (1958) recorded a prolific and varied

fauna including many brachiopods and corals and the teeth of

Petalodus acuninatus (Agassiz).

At Disher Force (SD 981904), east of Arn Gill, the Cockleshell
Limestone has only sparse chert nodules and is medium %o thick bedded

with thin shale partings. Gigantoproductus is less common than in

Arn Gill but Lithostrotion junceun (Fleming) and Diphyphyllun
fasciculatun (Fleming) are abundant. .

The Cockleshell Limestone maintains a thickness of about 6m
eastwards but only incomplete sections are seen. In Beldon Beck
(SE 013913) and Apedale Beck (SE 043922) it is a medium to thick bedded
crinoidal calcilutite with thin shale partings and a fauna of

Gigantoproductus and Lithostrotion. Farther east in Barney Beck

(SE 049919) and Wensley Beck (SE 092898) the shale partings are absent

and Gigantoproductus and Lithostrotion were not recorded.

On the southern side of VWensleydale, in Great Gill (SE 073840),
Coverdale, the Cockleshell Limestone is a dark to medium grey, medium
to thick bedded crinoidal calcilutite about 11.8m thick. It contains

nunerous Cigantoproductus, Lithostrotion and chert nodules and sparse

clisiophyllids and zaphrentids in all but the lowest 1l.7m. Farther up
Coverdale the chert disappears and is absent in Ridge Gill (SE 022790)

and Slape Gill (SE 001770). Gigantoproductus and Lithostrotion persist
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- but,as in Great Gill ('SE O73840),they are absent froa the lowest beds.
In upper Coverdale the medium to thick bedded crinoidal caleilutites
rest directly on the Single Post Limestone. In Ridge Gill (SE 022790)
they are at lemst 7.3m thick but less than 8.35m thick and in Slape
Gill (SE 001778) they are 8.25m thick.
| In upper Valdendale and upper Bishopdale the Limestone-is similar

~in lithology and fauna though in Bishopdale Gigantoproductus is less

comﬁon. In upper Waldendale it is exposed at 4shes Farm. (SE 008821)
and in Walden Beck (SD 980796) where it is 8.7m and 7.2m respectively.
On the east side of Bishopdéle it is 6.55m thick in Myers Garth Gill
(SD 970820) but thins westward to between 5m and 6ém in Foss Gill
(sb 9568%8), Back Gill (SD 951822) and Raffen Gill (SD 951814) on the
opposite side of the dale.

In lower Waldendale, as in lower Coverdale, the Cockleshell

Limestone is cherty and contains Gigantoproductus and Lithostrotion.

At Scar Folds (SE 020849) and Long Ing Wood (SE 022860) the Cockleshell
Limestone, 9.4m and 9.55m thick respectively, consists of dark to medium

grey crinoidal calcilutites except in the upper part at Scar Folds where

the beds are locally coarse crinoid-ossicle calcarenites. Gigantoproductus

first appears about lm above the base and is abundant in the oveflying
calcilutites but absent from the calcarenites at Scar Folds. Chert

nodules, frequently situated in the concavity of Gigantoproductus valves,

are numerous and.sparse ciisiophyllids are present. Farther north at
Morpeth Scar (SE 029877) the Cockleshell Limestone is similar in thickness
but its base is not well exposed and very thin to thin shale partings

separate the medium to thick bedded calcilutites. A fauna of trepostonme



bryozoa and latissimoid brachiopods occurs in the lcwer beds but

Gigantoproductus and Lithostrotion appear above and sare numerous in

the upper part of the Limestone. Chert nodules, abundant to the south,
are sparse. Around the north side of Penhill these beds contain enrly

rare Gigantoproductus and sparse chert nodules but are poorly exposed.

In Gill Beck (SD 966876), west of Penhill, only the upper 4.45m
of the Cockleshell Limestone is exposed. It is unparted and consists of
lowér and upper crinoidal calcilutites, 1.65m and 1.2m thick respectively,
separated by 1l.6n of crinoidal calcarenite. The lower part contains

abundant Gigantoproductus and chert nodules but with gradual increase in

crinoid debris and passage into crinoidal calcarenites both _Giganto-
productus and chert nodules decrease in abundance and become scattered.

At the top of the calcarenite Gigantoproductus and chert nodules increase

in abundance and become numerous in the basal part of the overlying
crinoidal calcilutite. Towards the top of the cironoidal calcilutite

their numbers decrease and only rare Gigantoproductus and scattered chert

nodules are scen at the top. In addition to nodular chert, disseminated
chert is abundant throughout the Limestone and sparse colonies of

~ Lithostrotion and scattered Clisiophyllidae are present.

rarther east in Scar Top Sike (SD 958888) the Cockleshell

Limestone is also cherty and contains Gigantovproductus. Its base is

not seen but the 6.35u of crinoidal calcilutites and calcarenites exposed

is probably near its total thickness. Gigantoproductus is absent fronm

from the lowest 1.55m but common above except in the uppermost 1.5m
where it is scattered, becoming rare at the top. Chert nodules are

abundant except at the top where they are sparse. The lowest 1.55m
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contains only scattered crinoid debris unlike the limestone above where
crinoid debris is abundant.

The chert disappears to the west and is absent at Burnett Force
(SD 942873), Raydale, where the Cocklesheil Limestone is a medium to
thick bedded,medium to dark grey crinoidal calcilutite 9.55m thick.

Gigantoproductus, absent from the lowest ?m, is scattered above and

becomes abundant in the upper 4m. Gigentoproductus is also seen in

' Shaw Gate Gill (SD 926844), where it is sparse, and in Middle Tongue
Gill (SD 920824), where specimens are scattered throughout the upper
part, and numerous just beneath the top of the Limestone. In Middle
Tongue Gill the Cockleshell Limestone, a medium to thick bedded
crinoidal calcilutite appears to rest directly on the Single Post
Limestone as the beds of the Lower Parting cannot be recognised. It
is 7.35m thick.

Gigantoproductus disappears west of the River Bain and is
absent in Horiton Gill (SD 903883) where the Cockleshell Limestone hag
thinned to about 4.45m. Farther west at Gaudy House Sike (SD'855887)
on the north slopes of Ten End the beds are similar and at least 3.2m
thick.

In Bank Gill (SD 853850) at the head of Sleddale and in Long
Sike (SD 817842) #ut the head of Snaizeholme, the Cockleshell Limestone
ié 3.45n and at least 2.9m thick respectively. It overlies the Lower
Parting and consists of medium to thick bedded calcilutites with
scattered crinoid debris.

On Widdale Side, the Limestone is very poorly exposed but on the

northern end of Widdale Fell two good sections are seen in Cragfold



Sike (SD 839906) and Hollin Gill (SD 823913). In Crcgfold Sike it consiats
of 2.35m of thick bedded calcilutites but the Limesto:e thickens westwards
to 4.9m in Hollin Gill whére it is of similar lithology but has very thin

shale partings and a fauna of sparse Gigantoproductus and Lithostrotion.

Swaledale.

Ir Swaledale the only complete secfion of the Cocklesheil Iimestone
is in Routin Gill (SD 919969). The Limestone, 3.2m thick, is composed
of medium to dark grey, medium and thick bedded calcilutites with scattered

crinoid and shell debris. Gigantoproductus and occasional colonies of

Lithostrotion are seen in the upper 1.85m.
To the west in Noon Gill (SD 893975) the Cockleshell Liuestone is

similar in lithology and thickness. Gigantoproductus occurs in all but

the lowest 80cm with sparse Lithostrotion and Dibunophyllum.

In Birks Gill (SD 285969) east of Routin Cill, the Cockleshell
Limestone is at least 3.75m thick but neither its base nor top is exposed.
Unlike the exposures farther west sparse chert nodules are present.

Gigantoproductus appears about 1lm above the base of tlhe lowest bed

exposed and is scattered throughout the overlying beds with sparse

Lithostrotion colonies.

North of the River Swale the outcrops are poor and incomplete
sections are exposed in Staney Gill (SD 959986) and Smarber Gill (SD 972980)
where the Cockleshell Limestone is at least 3.6m and 4.3m thick
| respectively. It is a medium to thick bedded, medium to dark grey
calcilutite with scattered crinoid ossicles. A sparse fauna of

Gigéntoproductus is seen at both localities associated with Lithostrotion

in Staney Gill.
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Northeast of Swaledale at Long Acres Quarry (NZ 181043) the
Cockleshell Limestone is probably 3.15m thick but cannot easily be
distinguished from the Lower Parting. It consists of medium to thick

bedded crinoidal calcilutites with very thin interbedded shales.

Gigantoproductus is comrion in both the calcilutites and the thicker

shales. In the calcilutites nodules of dark grey to greyish-black
chert are common and often rest in the valves of the gigantoproductigés
which are in their growth position. A coral biostrome 20cm thick

containing numerous Lithostrotion is seen 1.7m above the tap of the

Single Post Limestone.

Garsdale and the northwest.

North of the Askrigg Block in the Birkett Railway Cutting
(KY 774029) the Cockleshell Limestone is  3.lm thick and consists of
dark to medium grey, variably bedded calcilutites with thin to medium

interbedded shales. Gigantoproductus is absent.

Farther south in Needlehouse Gill (SD 733971), just on the
Askrigg Block, the Limesfone has thickened te 4.15m. The lowest beds
are thick bedded calcilutites with scattered crinoid debris and Giganto- ‘
4 groductus. They are separated by a thin shale from overlying crinoid-ossicle
calcarenites which coarsen upwards into crinoid-sten calcirudités.

Small brachiopods, mainly productids, many of which are spinose, and

Dibunophyllum occur in the coarser beds.

The Cockleshell Limestone thins southwards to 3.35m in Penny
Farm Gill (SD 702932), where it is composed entirely of medium to thick

bedded crinoidal calcilutites. Gigantoproductus is not present but

@ithostrotion'occurs in the upper beds.
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Along the north side of Garsdale the Cockleshell Limestoﬁe is
fully exposed in Thrush Gill (SD 745900), Ay Gill (SD 756903), Garth
Gill (SD 771910) and in the River Clough (SD 782922). It overlies
calcareous sandstone except in the River Clough where it rests on sandy
limestone. In thé weat the Limestone is 3.22 thick in Thrush Gill and
4.25m thick in Greenside Gill (SD 753%01) but thins eastwards to 2.4m
in Ay Gill and l.6m im Garth Gill. East of Garth Gill it thickens and
reaches 2.55m in the River Clough where it contéins shale partings.
Throughouf the region it is a dark to medium grey, medium to thick

bedded crinoidal calcilutite. Gigantoproductus is absent in the west

but to the east appears sparsely in Greenside Gill and Garth Gill
beconing numerous in the River Clough.
On the south side of Garsdale the Cockleshell Limestone is

similar in lithology, but Gigantoproductus is absent even in the nost

easterly outcrops. It is well exposed in Pegs Gill (SD 723899), Aye
Gill (SD 730896), Blea Gill (SD 753893), Ray Gill (SD 768897) and in
Ingheads Railway Cutting (SD 777906). At all these localities it rests
on sandstone except in Aye Gill where it is separated from sandstone by
a very thin shale. Its contact with the overlying shale of the Upper
Parting is.only visible in Ingheads Railway Cutting. - From the
Railway Cutting westwards the Limestone has a thickness between 3.25m :
and 3.7m but to the east it thins to 2.85m in Smout Gill (SD 779908),

the most easterly exposure. Lithostrotion colonies are seen near the

top of the Limestone in Ray Gill (SD 768897).

Dentdale and the southwest.

Throughout Dentdale ° the - Cockleshell Limestone is a dark to
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nedium grey, medium to thick bedded crinoidal calcilutite. Eoth

Gigantoprodugtus and Lithostrotion are absent.

On the north side of the dale it is well exposed in Sfock
Beck (SD ‘734870,, Aye Gill (SD 741872) and Spice Gill (SD 746874) but

as the top of the Lower Parting cannot be recognised the exact thickness
| of the Cockleshell Limestoﬁe is unknown. Farther east in'Cowgill Beck
- (SD 770886) and Arten Gill (SD 785859) the Limestone is 3.95m and 2.95m
thick respectively. It reaches a maximum thickness of 4.5n at the head
of the dale in Long Gill (SD 779833) . Exposures in Hazeleottom Gill
(Sb 770839), Great Blake Beck (SD 762851), How Gill (SD 744855) and
Stock Beck (SD 736854) on the northern slopes of Whernside show
thicknesses between 3.2n and 3.5n.

In Deepdale the Cockleshell Limestone is only 2m thick in Coombe
Gill (SD 726825) but thickens to 2.95m in Gastack Beck (SD 709827) and
Broken Gill (SD 716841). The goed exposure:in Gaatack Beck shows thin
shale partings separating the medium to thick bedded crinoidal
calcilutites. The calcilutites are bioturbated and contain large,
dominantly horizontal, simple-branching burrows, sometimes with spreite’
and Zoophycos which are seen best on bedding surfaces beneath the ghale
partings. The Limestone maintains a thickness of about 3m in Ease Gill
(Sb 692820) to the south east.

On the east flank of Whernside the Cockleshell Limestone is
2.35m thick in PForce Gill (SD 758821). It is medium to very thick bedded
and consists of bioturbated crinoidal calcilutites which become
incréasingly crinoidal upwards. Around Gearstones the total thiclmess

is unknown but in Lat Gill (SD 802819) it is at least 3.3m thick.



In Mere Gill (SD 795753) on the west side of Ingleborough the
Cockleshell Liméstone cannot be recognised. The Singie Post Limestone
is overlain by 35cm of slightly shaly-weathering crinoidal calcilutite.
This may belong to the Lower Parting but comparison with the sections
to the east suggests that the Lower Parting is probably absent in this
region. If this is so then the crinoidal calcilutite represents either
"all or part of the Cockleshell Limestone. It is overlain by calcarenite,
a lithological‘change often associated with the Tockleshell Limestone -
Scar Limestone juiction. The 35cm of crinoidal calcilutite may therefore

represent the total thickness of the Cockleshell Limestone.

Wharfedale,

In Wharfedale the Cockleshell Limestope rests on limestone
except in Tur Gill (SD 825822) and Far End Gill (SD 833825) where it overlies
sandstone of the Lower Parting. In Crook Gill (SD 929797) it lies on |
limestone of the Lower Parting but over most of tne region the Lower
Parting is absent and it rests directly on the Single Post Limestone.

A complete section is exposed in Deepdale Gill (SD 878811)
where the Cockleshell Limestone is 4.60m thick and consists of medium to
dark grey, medium to thick bedded& calcilutites with scattered crinoid
debris. A similar thickness is exposed in Tur Gill (SD 825822}, To
the south crinoid debris becomes more abundant and Cockleshell Limestone
is difficult to distinguish from the beds above and below.

In Crooke Gill (sD 845733) 2.1n of thin to medium bedded, medium
grey calcarenites comprise the Cockleshell Limestone. In Ddarnbrook
(SD 878717) its thickness is unknown because it cannot be distinguished

from the Single Post Limestone and in Halton Gill neither the base nor
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top of the Cockleshell cun be recognised. Here, it éonsists of
bioturbated,nediun to very thick bedded coarse crinoid-ossicle
‘calcarenites.

To the south the Cockleshell Limestone is exposed at Gorbeck
(SD 858571) where it at least 3.2m thick. The lowesf bed seen, a dark
grey calcilutite, is separated from the Single Post Limestone by a
" gap of 65cm and overlain by a medium grey crinoid-ossicle calcarenite

60cm thick with Linoproductus and Caninia. The upper beds are mediunm

grey, thick bedded,bioturbated calcilutites with cherty streaks through-
out gnd small chert nodules in the uppermost 50cm.
In Bowther Gill (SD 906772) the Cockleshell Limestone is at

least 5m thick with scattered Gigantoproductus but farther southeast

the limestone thickens and Gigantoproductus becomes abundant. In Park

Gill Beck (SD 987653) numerous Gigantoproductus occur in the 8.25m of

calcilutite with scattered ossicles forming the Cockleshell Limestone.
The Limestone becomes more crinoidal to the south and thickens to 9m.
It is well exposed in Dowber Gill (SD 993728) and at Mossdale Scar
(SE 016697) where\the medium to very thick bedded crinoid-ossicle

calcarenites contain abundant Gigantoproductus. South of Mossdale Scar

Gigantoproductus is abundant at distinct horizons rather than scattered

throughout the entire limestone.

Farther south Gigantoproductus decrease:in number and disappear
in the vicinity of Bare House (SE 005669). The most scutherly specimen
is recorded from the 01d Quarry (SE 004668) 150m southwest of Bare House

(Joysey, 1955). The disappearance of Gigantoproductus coincides with &

change in lithology. South of Bare House the Cockleshell Limestone
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thickens to about 15m and the calcarenites with Gigantoproductus pass

into lenses of unbedded calcilutite capped and flanked by calcarenites
and calcirudites; the knoll limestones described by Black (1950) and
Joysey (1955). The resistant unbedded calcilutite lenses which core

the knolls are mound shaped and, being far more resistant to erosion
than the overlying thin bedded crinoidal calcarenites and calcirudites,
frequently form small hillocks (Plate 6). They are not restricted to a
single horizon but occur throughout the Cockleshell Linmestone. Black
(1950) mapped eighteen knolls in this region with diameters from 40' (12nm)
to 90" (27.5m) and height from 4' (-2n) to 12 (5.65n) and considered at
least two other concealed knolls of comparable size present. In addition
many knolls of smaller size are seen.

The varying stages reached in the erosional dissection of the knolls
helps 'in elucidation of their structure. The knoll cores consist.of lensoid
or mound shaped masses of unbedded calcilutite and rest on bedded crinoidal
linestones (Plate 6). The cores sometimes have a pseudo~brecciated
appearance and contain trepostome and fenestellid bryozoa as a charactér-
istic faunal element. Crinoid debris, small brachiopods and gastropods are
also present but the former is usually sparse except in the outer part of
the core. Towards the outer part of the core bryozoa decrease in abundance
and the unbedded calcilutite becomes increasingly crinoidal and sometimes
has rudimentary beddiﬁg. No clear boundary exists between the core and the
overlying thin bedded crinoid~stem calcarenites and calcirudites which
contain occasional spirifers and bryozoans and dip radially off the cores.
The amount of quaquaversal depositional dip is often difficult to determine

exactly because of tectonic disturbance but dips of up to 15° are conmon
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Plate 6. The Cockleshell Limestone, west of Yarnbury (SE 075659).
An unbedded bryozoan calcilutite knoll core overlying

well bedded crinoid-ossicle calcarenites.

Plate 7. The Cockleshell Limestone, southwest of Bare House (SE 003665)

near Yarnbury.

An unbedded bryozoan calcilutite knoll core flanked (on right)

" . by crinoid-stem calcirudites showing depositional dips.
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and dips of up 1o 300 are occasionally seen as in the thin bedded
crinoidal limestone copping a knoll to the south west of Bare House
(Plate 7 ).

Although Joysey (1955) apparently considered the knolls
persist to the most southerly exposure of the Cockleshell Limestone in
the Grassington area, Black (1950) had previously indicated a southern
limit on his map. A southern limit.can be seen towards which the knolls
gradually decreese in size and eventually disappear (Plate 8, Fig. 17).
To the south of the knolls the Cockleshell Limestone becomes less
crinoidal and darker in colour before it disappears beneath the over-
stepping Bowland Shale.

In Hebden Beck (SE 011668) 60cm of shale and nodular calcilutite
are exposed in the upper part of the Cockleshell Limestone. It contains

a fauna of Gigantoproductus and‘clisiophyllids.
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Plate 8. The Cockleshell Limestone, west of Yarnbury (SE 015659).

The southerly decrease in knoll size before their final

disappearance is shown well by the three vioherms in the

photograph.
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THE UPPER PARTING.

SUMMARY .

The Upper Parting, likelthe Lower Parting is thickest northwest
of the Askrigg Block. It rests on the Cockleshell Limestone and thins
southeastwards. In the southwestern part of the Barnard Castle Trough
" the Upper Parting consists of 18m of deltaic micaceous sandstones and

shaies. The sandstones reach only the northerrc edge of the Askrigg '
‘Block but shale peréists farther south where it becomes calcareous.
In the south and.east the shale also fails and the Upper Parting is
absent.

On the Askrigg Block the calcareous shale contains scattered
crinoid-debris and a fauna of brachiopods,including small spirifers, small
productids and . occasionally Gigantoproductus, and sometimes trepostome
and fenestellid bryozoa; Thin; impersistent, usually argillaceous

calcilutites sometimes occur within the shale,
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THE UPPER PARTING.

- DETAILS.

Wensleydale.

In this area theIUpper Parting is a calcareous shale with

sparée crinoid debris and a fauna of small brachiopods, dominantly
spirifers and productids,and a few bfyozoans. It is nearly 2m thick
in the northwest but thins to the southeast failing completely in the
east. - |
' 0n the no=th side of Wenéleydaie in Tarn Gill (sn 807929),

the most westerly exposure of the Upper Parting, S0cm of calcareous
shale crops ogt beneath the Scar Limestone above a gap of 2.5m. East-
wards the Upper Parting is fully exposed in Fossdale Gill (sp 8619%0),
Sar Gill (SD 908918) and Whitfield Gill (SD 930923) where it is 1.5m,
1.3m and 1.9m thick respectively. It consists of calcareous shale at
all three localities but in Sar Gill and in Whitfield Gill & thin,

dark to medium grey,argillaceous calcilutite with scattered crinoid
ossicles is seen 10cm beneath the top of the shale. Although the Upper
Parting is thick in Whitfield Gill, from Arn Gill (SD 953923) eastwards
! it is absent and the Scar Limestone rests directly on the Cockleshell
Limestone.

On the south side of Wensleydale the Upper Parting is well
developed in the northwest. Near the head of the dale in Hollin Gill
(SD 823913) it is a calcareous shale 1.6m thick and to the east of Cragfeld
Sike (SD 839906) a gap of 1.5m at this horizon indicates thé presence of
a SIightly‘thinner_shale. Along the east side of Widdale Fell the

thickness of the Upper Parting is unknown as large gaps occur at this
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level. East of Widadale Fell in CGaudy House Sike (SD 855887) on the
north flank of Ten End a gap of 80cn between exposures of the
Cockleshell and Scar Limestones probably represents‘the thickness
of the Upper Parting shale but farther east in Horton Gill (SD 903883)
"on the northeast slopes of Wether Fell, the upper 40cm of calcareous
shale is exposed above a gap of 1.55m. South of these outcrops in
Bank Gill (SD 853%850) at the head éf Sleddale and in Middle Tongue
Gill (SD 920824} at the head of Cragdale gaps of 1.65n and 70cm are
;probably deVeloped at leaét bartly‘in shale bﬁt at Burhett Force
(SD 942873) on the east side of Raydale, even though a 50cm gap is
seen, the shale is thought to be absent as on the north flank of
Addleborough in Scar Top Sike (SD 958888) and in Gill Beck (SD 966876).
At the head of Bishopdale in Raffen Gill (SD 951814), Back Cill
(8D 951822) and Foss Gill (SD 956838) the shale is 30cm, 25cm and 20cm
respectively but cpposite, in Myers Garth Gill ($D 970830) on the south-
east side of the dale,it is absent. The Upper Parting is also absent
east and southeast of Bishopdale. This is proved by the outcrops at
Walden Beck (SD 980796), Ashes Farm (SE 008821), Scar Folds (SE 020849),
Long Ing Viood (SE 020849, and Morpeth Scar (SE 029877) in Waldendale
and at Slape Gill (SE 001778), Ridge Gill (SE 022790) and Great Gill
(SE 073840) in Coverdale where the Scar Limestone rests directly on

the Cockleshell Limestone.

Swaledale.
On the north side of Swaledale the thickness of the Upper
Parting is unknown. In Smarber Gill (SD 9729680) 1l.4m of shale is

visible but gaps above and below prevent determination of its full
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thickness. Beneath the shale small isclated outcrops of calcilutiite
are seen. They nay be part of the Cockleshell Limestone but it.is
more likely that they belong to the Upper Parting because the gaps
between the outcrops are probably in shale. A possible maximum
thickness of 6.75m for the Upper Parting is given by the distance
separating large butcrops clearly identifiable as Cockleshell and
' Scar Linestone. In Staney Gill (SD 959986) to thg east the Upper
Parulng is less than 6 3m thick. The medium to thick bedded,dark
. grey ca1011ut1tes 1 lm thlck w1th ucattered crinoid’ 0531cles,eaposed
3.85m above beds belonging to the Cockleshell Limestone, probably
belorg to the Upper Parting.

On the south side of Swaledale in Birks Gill (SD 985969) a
calcareous shale 50cm thick resting on a thin muddy calcilutite with

thostrotion and separated by a 40cm gap from an overlying muddy

calcilutite 90cm thick with a fauna of Gigantoproductus, small
productids and feneétellid bryozoa are the oily beds of the Upper
Parting exposed. Large gaps, probably in shale, separate these beds
from the Cockleshell Linestone beneath and Scar Limestone above and
show the thickness of the Upper Parting to be not greater than 4. Tm.

In Routin Gill (SD 919961) the Upper Parting is 3.5m thick. Shales,
poorly exposed, form most of the Parting but in the lower part loose
calcilutite: blocks may indicate the presence of limestone. Farther
east in Noon Gill (SD 893975) 1.25m of shale with a thin muddy crinoid~
ossicle calcarenite.in the centre are exposed beneath the Scar Limestone.
Below the shale 25cm of calcilutite is exposed separated from the

Cockleshell Limestone by a 75cm gap. The Upper Parting, therefore,
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has a thickness of not more than 2.25m.

Northeast of Swaledale the Upper Parting is exposed in Long
Acres Quarry (IZ 181043) where it is l.4m thick. A lower calcareous
shale 30cm thick is separated from an upper shale 80cm thick by 30cm of

"calcilutite with Gigantoproductus.

Garsdale and the northwest.

The Upper Parting reaéhes its maximum thickness in this region.
. Its greatest thiqkness is seen in thé Birkqtt Railmay“Cptting:(NY 774029)
to the north of th2 Askrigg Block where 18m of clastic Sediments .
separate the Cockleshell and Scar Limestone. Here, the Lower Parting
consists of shales with very thin and nodular ironstones overlain by
micaceous sandstones with shales in their upper part. Many of the
sandstones are ripple cross-laminated. A thin coal is present in the
upper part. |

To the south these beds thin rapidly and the sandstones fail.
In Needlehouse Gill (SD 733971), just on the Block, the Lower Parting

has thinned to 8.8m. The lowest 2m are calcareous shales with crinoid

debris, Gigantoproductus and thin beds of nuddy crinoidal calcarenite.
" A nedium bedded, red-weathering, crinoidal calcarenite separates these
beds frou overlying silty shales. A 30cm nmicaceous sandstone 1.2m
above the base of the silty shales is the only representative of the
sandstones so well developed farther north. Shale overlies the sand-
stone and forms the rest of the Upper Parting. The sandstone fails
conpletely to the south and in Penny Farm Gill (SD 702932) 3.5m of
shale with a very thin nodular ironstone band 65cm above the base

constitutea the Upper Parting.
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In Garsdale the Upper Parting is exposed completely in Ay Gill
.(SD 756903), CGarth Gill (SD 771910), the River Clough (SD 782922),
Ingheads Railway Cutting (SD 777906) and partial sections are seen in
‘Thrush Gill (SD 745900), Ray Gill (SD 768897) and Blea Gill (SD 758893).
It consists entirely of calcareous shale, except in Garth Gill
(SD 771910) and the River Clough (SD 782922) where, in addition, a
thin bedded calcilutite occurs in the middle of the shale. In Garth
Gill it is a thin nodular calcilutite but it thickens eastwards and in
the ﬁiver.Clough 400& of shaly crinoidal calcilutite with a fauna of

- Lithestrotion, Gigantoproductus and other small brachiopods is seen.

The Upper Pariting is thickest at the head of the dale, about 3m thick
in the River Clough and thins westwards. It reaches a minimum thickness

of 1m on the soutih side of the dale in Blea Gill but over most of the

area it is between 1.5 and 2m.

Dentdale and.the southwvest.

In this region the Upper Parting is a calcareous shale with
impersistent thin beds of calcilutite and contains a fauna of small
brachiopeds, dqminantly productids and spirifers and scattered to sparse
crinoid debris., It is thickest in the north but thins southwards and
fails completely im the southernmost ground.

On the north side of Dentdale the Upper Parting is only fully
exposed in Stock Beck (sp 734870),_the most westerly outcrop. Here it
is 1.8m thick and consists of calcareous shale with two thin beds of
dark grey calcilutite in the upper part containing ILithostrotion.
Eastwards, in Aye Gill (SD 741872) and Spice Gill (SD 746874) gaps of

1.15m and 1.65m separate the highest and lowest beds of the Cockleshell
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Linestone and Scar Limestone exposed respectively but in Cowgill Beck

(SD 770886), 15cm of calcareous shale outcrops beneath the Scar

Limestone above a gap of 1.05m. Farther east in Arten Gill (SD 785859)

a gap of 85cm is seen at the level of the Upper Parting but in Lbng
Gill_(SD 779833) at Dent Head the Upper Parting is fully exposed and
consists of 85cm of calcareous shale.

| Around the north slopes of Whernside on the south side of

Dentdale the Upper Parting is expdsed only in Hazel Bottom Gill (SD 770889)
where'i.25m.6£-céléa?ebus shale is éeen; In How Gill (sD 744855) an&" .
Stock Beck (SD 736854) gaps of 2.05m and 1.8m occur respectively. At
Deepdale Head‘in Coombe Gill (sp 726825) caicareous shaie 1.05m thick
crops ouf poorly and in Gastack Beck (SD 709827) 1.1n of calcareous shale
is seen above a gap of 55cm. On the west side of Deepdale in Broken Gill
(Sh 716841) only the lowest 30cm and uppermost 65cm of calcareous shale
are exposed, separated by a gap of 65cm.

On the east flank of Whernside in Force Gill (SD 758821) a gap of
55em between exposures of the Cockleshell and Scar Limestones probably
indicates the presence of shale. Gaps at this horizon are also seen in
the outcrops around Gearstones to the east, 1n in Long Giil (SD 803835) and
1l.1m in Lat Gill (SD 802819) but it scems likely that if shale is present
it represents only part of this gap.

South of these outcropsthe Upper Parting is absent and in Mere
Gill (SD 745753), on the west slope of Ingleborough, and in Ease Gill
(SD £92820), on the.south side of Crag Hill, the Scar Limestone rests

directly on the Cockleshell Limestone.
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Wharfedale.
The only exposure of the Upper Parting in the area is in
Deepdale Gill (SD 898811) where it consists of a lower and upper

calcareous shale 35cm and 25cm thick with Gigantoproductus separated

by a dark grey calcilutite 30cm thick. To the west in Tur Gill
(SD 825822) and Grainings Gill (SD 828324, gaps of 30cm and %0ca
respectively at this level may indicate the presence of shale. South
of Langstrothdale the outcrops in Halton Gill (SD 882793), Littondale
and Crooke Gill (SD 845735), Penyghent, show the Lower Parting sbsent.
In Darnbrook Beck (SD 878717), on Fountains Fell, a gap of 30cm is seen
between éutcrops 6f the Cockleshell and Scar Limestone but it is almost
certainly in the base of the Scar Limestone not in shale belonging $o
the Upper Parting. ~Farther south at Gorbeck (sD 858657) the Upper
Parting is also absent. |

The Upper Parting is not present east of the River Wharfe.
Its absence is demonstrated best in Park Gill Beck (SD 987753) and in

sections north of Grassington.
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THE SCAR LIMESTONE.

SUMMARY . ’

The Scar Limestone overlies the Upper Parting in the north
5ut in‘the south and east, where the Upper Parting is absent,'it rests
directly on the Cockleshell Limestone. It varies in thickness from 1lm
. in the southwest to overv30m in the east and southeast. OQver most of
the area it is a crinoid-ossicle calcarenite but, where thickest,
becomes coarsely crinoidal with bioherms. The bioherms are similar
to those in the Cockleshell Limestone and consist of mounds of bryozoan
caicilutite up to 4metres high capped and flanked by crinoid-stem

calcarenites and calcirudites.

The lower part of the Scar Limestone contains Gigantoproductus
in the north and east and becomes cherty in the northeasf with numerous
chert no&ules. The nodules are frequently situated in the concavity
of gigantoproductid>valves nost of which are in their growth posifion.

A sipilar reiationship is seen where the Cockleshell Limestone is cherty.
It appears that decaying gigantoproductid organic matter provided a
locally favourable environment for.silica precipitation.

In the southeast, the lowest beds contain Orbitremites which
is abundant in the beds overlying bioherms in the Cockleshell Limestone.
At the most scutkerly outcrop north of Grassington these beds pass into
a brachiopod biostrome dominated by smsll productids and spirifers.

Over the northwest and central western parts of the'Askrigg Block
algae are numerous in the upper part of the Scar Limestone. They occur
as oncolites in an horizon just beneath the top of the Limestone which

is bioturbated and pyritic.
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THE SCAR LIMESTONE.
DETAILS,
Wénslexdale.

On the north side of Wensleydale the Scar Limestone is fully
 exposed in Tarn Gill (SD 807929), Fossdale Gill (SD 861930), Sar Gill
(SD 908918), Whitfield Gill (SD 930923), and Arn Gill (SD 953923).°
Easﬁ of Arn Gill only partial sections are seen, though some are

nearly cpmpleﬁe, the best being at Disher Force (SD 981904),_in Beldon
‘Beck (SE 013913), Apedale Beck (53 043922) and Barney Beck (SE 049919).

From the head of Wensleydale westwards to Whitfield Gill the

Scar Linestone overlies shale of the Upper Parting. It consists of
three thick beds of medium to dark grey limestone which thicken from
1.65m and 1l.5m in Tarn Gill and Fossdale Gill respectively to 2.lm

in Sar Gill and 2.25m in Whitfield Gill. The lowest bed, & crinoidal
calcilutite to sparse crinoid-ossicle calcarenite, is 35cm to 65cm

thick. t contains Lithostrotion in its upper part in Sar Gill and

in Whitfield Gill has a fauna of Gigantoproductus. The ceatral and

thickest bed of the Scar Limestone directly overlies the lowest bed
except in Whitfield Gill where they are separated by a thin sﬁale.

It is a crinoid-ossicle calcarenite 65cm to 1.2m thick with numerous
algae in the light brown to dark yellowish-orange weathering, iron -
oxide stained, upper 45cm to 50cm. The algae occur as round, subround
or rounded irregular oncolites, generally less than Scm but up to 10cm
in diameter, with concentric, often mammilated laminations. "The thin
laminations weather differentially into proud standing light brown to

dark yellowish-orange iron-oxide stained zones which alternate with
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medium to light grey areas. The oncolites are often formed around &
nucléus, usually a crinoid ossicle or shell fragment. The overlying
and uppermost bed is also a crinoid-ossicle calcarenite, 40cm to SOcm
thick, but is not algal.

East of Whitfield Gill the Scar Limestone thickens rapidly,
shows no tripartite division and rests directly on the Cockleshell
Limestone. In Arn Gill (SD 953923) it is 6.05n thick. Its base is
marked by a change in lithology from the crinoicdal calcilutites of the
.Céckleshell Limeétone to crihéid—ossicle calcarenifeé; Tﬁe lowest bed,

a packed crinoid-ossicle calcarenite 1.35m thick with Gigantoproductus

in its upper part, is succeeded by two medium bedded, sparsely

crinoidal calcarenites with Gigantoproductus. The overlying bed is g

crinoidal calcilutite 1.1m thick which, in addition to Gigantoproductus,
also contains nodular chert. Chert first appears in the Scar Limestone
east of Whitfield Gill and persists eastwards. It is associated with

Gigantoproductus and nodules are commonly sited in the concavity of

their valves which are usually in the position of growth. The upper
beds of the Scar Limestone in Arn Gill are medium to thick bedded,
- medium grey, crinoid-ossicle calcarenites which weather light brown to
dark yellowidh-orange. An horizon of oncolites 50cm thick is prasent
Jjust beneath the top.

At Disher.Force (SD 981904) to the east the lowest part of the
Scar Limestone is a coarse crinoid-stem calcarenite 2.35m thick with

nunerous_Gigantoproductus and nodular chert. It is overlain by at least

2.55n of crinoid-—ossicle calcarenites. In Beldon Beck (SD 013913) the

lower part with Gigantoproductus and chert is finer, a calcilutite with
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at least 2.5m thick with scattered crinoid-ossicles and Iithoatroiion.

It is overlain by at least 2.55m of medium to very thick bedded crinoid-
ossicle calcarenites. Barney Beck exposes a similar section, a

calcilutite at least 1.5m thick with scattered crinoid-ossicles,

Gigantoproductus and nodular chert overlain by at least 2L2m of platy
weathering, crinoid-ossicle calcarenites. However, just east of Barmey
Beck,a mound of unbedded, pale grey, variably crinoidal calcilutite with
trépostome and fenestellid bryozoa,spirifers and productids is seen
above the calcarenite and swells the thickness of the Scar Linestone to
at least 11.45m. The calcilutite is resistan: to erosion and forms a
small hillock 6m high although only 4m of bryozoan calcilutite are
exposed at the top. (Plate 9.) Unfoftunately a gap of 3.75m occurs
between the uppermost calcarenite and the lowest outcrop of bryozoan
calcilutite which is similar in lithology to the knoll cores in the
Cockleshell Linmestone porth of Grassington. The coarsely crinoidal
capping beds are absent and have probably been removed by present day
erosion but 'thg beds flanking the unexposed knolls forming Hogra Hill
(SE 053918) and the hillock to the north (SE 053926) are scen at (SE 056917),
_ Farther east in Wensley Beck (sE 092898)the Scar Limestone is poorly
exposed and consistsjat least in part, of calcarenites.

The Scar Limestone also contains knoll limestone on the south
side of Wensleydale on the west side of Penhill. At Morpeth Scar
(SE 029877), the best section, it éttains a thickness of 31lm. The base
of the Scar Limestone is marked by an abrupt change in lithology'from the
erinoidal calcilutites of the Cockleshell Limestone to crinoid-ossicle

calcarenites. The lowest 4.25an of the Scar Limestone are unparted,
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The Scar Limestone, Barney Beck (SE 049919), near Redmire.
An unbedded bryozoan calcilutite rxmoll core overlying
well-bedded crinoid-ossicle calcarenites. Another knoll

can be seen in the distance on the right.
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mediunm grey, crinoiu-ossicle calcarenitea. Giganteproductus is

numerous throughout and chert nodules, commonly sited in the concavity

of Gigantoproductus valves, are abundant in all but the lowest l.2m

vhere they are absent. A few Lithostrotion colonies are also present.

Medium to light grey, thick to very thick bedded, crinoid-ossicle ,
calcarenites 1llm thick overlie these beds, succeeded by mounds of
- bryozoancalcilutite overlain and flanked by crinoid-ossicle and -stem
calcarenites and calcirudites. DPresent day erosion has exquisitely
exposed a mound of medium to light grey,variably crinoidal calcilutite
3.8m thick with abundant trepostome bryozoa,overlain by 12m of coarse
crinoidal limestone. The crinoidal limestone which caps and flsnks
the mound is variably crinoidal but consists dominantly of light grey,
coarse crinoid-ossicle and -stem calcarenites and calcirudites. They
show depositional dips off the mound of up to 150 and form the upper
beds of the Scar limestone.

In the area between Morpeth Scar (SE 029873) and Long Ing Wood
(SE 022860) many exposures of the upper part of the Scar Limestone are
seen. Here, as farther north, the upper part is coarsely crinoidal
consisting of criﬁoid-ossicle and -stem calcarenites and calcirudites
showing depositional dips. The best exposures are in the vicinity, and
just north, of Knarlton Knot (SE 026868). Knarlton Knot is a small
hillock composed of quaquaversally dipping crinoid-stem calcirudites
probably cored by bryozoan calcilutite not yet exposed by erosion.

The exposure at Long Ing Wood (SE 022860) is similar to that
at Morpeth Scar except that the upper part of the Scar Limestone is

thinner and no bryozoan calcilutitemounds are seen. The lowest beds
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arc poorly bedded, medium grey calcarenites 3.25m thick with mumerous

Gigantoproductus and scattered colonies of Lithostrotion which are

concentrated at the top. Chert nodules are abundant except in the
upper 80cm. Thick to very thick bedded crinoid-ossicle calcarenites
iO.Sm thick overlie these beds and are themselves overlain by Sm of
variably bedded,light grey crinoid-étem calcirudites showing

‘ deéositional dips. Though nbt exposed, the close proximity of mounds
to this outcrop is indicated by the depositional dips.

Along the north side of Penhill the Scar Limestone is poorly
exposed but in a section near Chantry (SE 055880) it contains a
calcareous shale, at least 25cm thick but neither its base nor the
beds beneath are exposed. The shale is overlain by 8.5m of thick
to very thick bedded medium grey crinoid-ossicle calcarenites, the
upper beds of the Scar Limestone. They are separated from the Five
Yard Limestone by 1.8m of calcareous shale.

The Scar Limestone thins in all directions away from Penhill
but to the southeast in lower Coverdale it is still thick. Though
knoll limestones are not seen, coarsely crinoidal limestones,often
associated with knoll development, form nuch of the Limestone. The thin
calcareous shale seen within the Scar Limestone near Chantry on the
north side of Penhill is also present in Caldbergh Gill (SE 091831).
Here it is 20cm thick and underlain by at least 9.5m of thick to very
thick bedded, medium grey crinoid-ossicle calcarenites. Lithostrotion
occurs near the basé of the section but the base of the Scar Limestone
is not exposed. The shale is overlain by 16.15m of thick to very thick

bedded coarse crinoid-ossicle and -stem calcarenites and calcirudites
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but the upper part belongs to the Five Yard Limestone and has a fauna of

Gigantoproductus. The junction between the Scar and r'ive Yard Limestones

was not located as the section is inaccessible.

Farther up Coverdale at West Scrafton the Scar Linestone is
fully exposed in Great Gill (SE 073840). The lowest 1.5m are thick
bedded, dark to medium grey crinoidal calcarenites with numefous

Gigantoproductug,abundant chert nodules and scattered Lithostrotion

and overlie crinoidal calcilutites of the Cockleshell Limestone. They
are overlain by 22.95m of thick to very thick bedded,médiﬁn to light
grey, coarse crinoid-ossicle and -stem calcarenites and calcirudites

with scattered chert nodules in places and rare Lithostrotion. The tép

of the Scar Limestone is bioturbated and overlain directly by crinoid-
stem calcirudites showing depositionalldips belonging to the IFive Yaird
Limestone.

Fron 24.45m in Great Gill the Scar Limestone thins te 6.2%m in
Ridge Gill (SE 022780) farther up Coverdale. Here it consists of thick
to very thick bedded crinoid-ossicle and -stem calcarenites. The léwer

l.4m is dark to medium grey with Gigantoproductus, iz contrast to the

. paler mediun to light grey overlying beds. At the head of Coverdale in
Slape Gill (SE 011778) the Scar Limestone is composed of medium grey,
medium to thick bedded crinoid-ossicle calcarenites 2.9m thick.

In Waldendale the Scar Limestone alsoc thins towards the head of
the dale. At Scar Folds (SE 020849), south of Penhill, the succession is
similar to that seen at Long Ing Wood (SE 022860). Here 3.8m of coarse

crinoid~ossicle and -stem calcarenites with numerous Gigantoproductus,

chert nodules, occasional Lithostrotion and sparse clisiophyllids are
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overlain by at least 6.7m of thick to very thick beuded,variably

crinoidal calcarenites with occasional Lithostrotion. Farther up the
dale the Scar Limestone thins to 2.7m at Ashes Farm (SE 008821) and 2.9m
in Walden Beck (SD 980796). At both localities it is a thick to very
thick bedded, medium grey crinoid-ossicle calcarenite.

At the head of Bishopdale the Scar Limestonz is a medium to
- very thick bedded, medium grey crinoid-ossicle calcarenite. It is 2.5m
thick on the east side of Bishopdale in Myers Garth Gill(SD 970820)
and overlies the Cockieshell Limestone'butAon the west side of the .
dale it overlies the Upper Parting shale and is 2.85m thick in Foss
Gill (SD 956838) and Back Gill (SD 951822) end 2.4m in Raffen Gill
(SD 951814). The lowest bed in Back Gill and Foss Gill contains

Gigantoproductus.

On the east slopes of Addleborough in Gill Beck (SD 966876) the

Scar Limestone, a calcarenite l.5m thick, also contains Gigantoproductus.

It is overlain by thick bedded crinoid-ossicle calcarenites 2.2m thick.

Gigantoproductus disappears to the west and is absent from the Scar

Linestone, a calcarenite at least 2m thick, in Scar Top Sike (SD 958888)
and at Burnett Force (SD 942873).

At the head of Cragdale in Middle Tongue Gill (SD 920824 ) the
Scar Limestone is a thick bedded calcarenite at least 1l.4m thick. On the
west side of Raydale, in Horton Gill (SD 963883) it is 2.05m thick. The

lovwest bed contains a fauna of Lithostrotion and smgll brachiopods in

its upper part as in Sar Gill (SD 908918) to the north.
\West of Raydale algae appear. In the northern outcrops the Scar

Limestone consists of four beds, two lower medium bedded crinoidal
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calcilutites or sparse calcarenites, a central thick célcarenite with
algae in the upper part and an upper thick calcarqnite. It is‘well
exposed in Gaudy House Sike (SD 855887), on the northern slope of
Ten End,and in Cragfold Sike (SD 839506) and Hollin Gill (SD 823913),
on the north end of Widdale Fell, where it is 1.6m, 1.95m and 1.8m
thick respectively. South of these outcrops the Scar Limestone is
"poorly exposed. The thick calcarenite with algae in the upper pnart
is seen on Widdale Fell (SD 823888) and in Lings Beck (SD 802866) but
the best section is in Bank Gill (SD 853850) at the head of Sleddale
where the Scar Limestone,at least 1.25m.thick,conéists of a lower
crinoidal calcilutite overlain by a thick calcarenite with algae in
the upper 40cm. At all these localities the algae occur as oncolites

and are similar to those seen on the north side of Wensleydale.

Swaledale and the northeast.

The only complete exposure of the Scar Limestone in this area
is in Routin Gill (SD 919969) where it is 3m thick. The lowest beds,
medium to dark grey crinoid-ossicle calcarenites 15cm and 60cm thick,

are overlain by 75cm of crinoidal calcilutite with Gigantoproductus in

the ﬁpper part. The upper beds are thick bedded, medium grey
calcarenites.

West of Routin Gill the Scar Limestone thins and in Noon Gill
(SD 893%975) it is not more than l.4m thick. Only the upper 95cm is
expoged but algae, not seen to the east, are present in the lowest bed
exposed. They occur as oncolites, generally less than Scm in diameter,
and are similar to those seen at other localities in the north and west.

The Scar Limestone thickens eastward and the lower part which
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contains abundant Gizantoproductus becomes very cherty. In Birks Gill

(SD 985969) it is at least 5.05m thick, though the base is not seen,
and consists of 2.45n of unparted,dark grey crinoidal calcilutites

with numerous Gigantoproductus and abundant nodular chert,overlain by

medium grey, medium to thick bedded crinoid-ossicle calcarenites 2.6m
thick. -

Opposite, on the north sidé of Swaledale, the sections in
Staney Gill (SD 959986) and Smarber Gill (SD 972980) show similar but
fhicker sﬁcéessions, 5.6m and 9.15pm fespectifely, althoughAneithér—the'
base nor top of the Limestone is exposed. In Staney Gill the Scar
Limeétone consists of 3.1lm of puorly bedded,dark to medium grey crinoid-

ossicle calcarenites with Gigantoproductus and chert,overlain by 2.5n

of thick to very thick bedded, platy ﬁeathering,light grey crinoid-
ossicle and -stem calcarenites. In Smarber Gill the thick bedded

crinoid-ossicle calcarenites with abundant Gigantovroductus and chert

are underlain by 55cm of dark grey calcilutite with’Gigantoproductus

and overlain by 4.5m of thick to very thick bedded platy-weathering
calcarenites.

To the northwest in Long Acres Quarry (N7 181043) the Scar
Limestone, 6.6m thick, is similar. Two dark grey crinoidal calcilutites
15cm and 65cm thick separated by a thin calcareous shale overlie the
shale of the Upper Parting. Another thin calcareous shale separates
these beds from a crinoidal calcilutite 2.im thick with numerous

Gigantoproductus throughout and abundant chert nodules in the upper

1l.2m. As at the other exposures where Gigantoproductus and chert occur

together, many of the chert nodules are located in the concavity of
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Plate 10. The Scar Limestone, Long Acres Quarry (NZ 181043), Gilling.
Cherl nodules preferentially situated in the concavity of
gigantoproductid valves even where they are occasiornally

overturned.
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Gigantoproductus wlves most of which are in their position of growth.

(Plate 10.) These beds are overlain by at least 3.55m of medium to

light grey crinoid-ossicle calcarenites.

Garsdale and the northwest.
To the north of the Askrigg Block, in Birkett Railway
' Cuttiﬁg (NY 774029) the Scar Limestone consists of thick bedded
' caléilutites with scattered crinoid ossicles. It is 4m thick and

contains Gigantoproductus at its base. On the Askrigg Blecck to the

south it is thinner. In Needlehouse Gill (SD 733971) and in the River
Rawthey (SD 729966) it is 2.9m thick end thick to very thick bedded,
passing from calcilutite with scattered crinoid ossicles at the base

to crinoid-ossicle calcarenites above. Gigantoproductus occurs in the

;ower part,as in the Birkett Railway Cutting, bui, in addition,oncolites
are present in the central part of the Limestone. The top.of the Scar
Limestone is highly bioturbated and pyritic. Farther south the Lime-
stone thins to 2m in Penny Farm Gill (SD 702932). As in the River
Rawthey it consists of a lower calcilutite with scattered e¢rinoid

ossicles and Gigantoproductus, a central calcarenite with algae in the

upper part and an upper calcarenite with a highly bioturbated, pyritie,
red-weathering top.

At most outcrops in Garsdale the Scar Limestone shows a similar

tripartite division but Gigantoproductus occurs only at the head of the
dale in the River Clough (SD 782922). The lowest bed, a crinoidal
calcilgtite, is oveflain by a thicker calcarenite with an orange-brown
weathering upper part 30cm to 40cm thick containing oncolites. The

upper bed is a calcarenite with a highly bwrwewed, red-weathering, pyritic
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top. Total variation in thickness of the Scar Limestione is less than lm.
It is thinnest in the southwest, 1.35m in Aye Gill (SD 730896),and
thickest in Ray Gill (SD 768897), 2.30m, but variations seen are local
rather than regional.

On the north side of Garsdale the tripartite division is well
shown in Thrush Gill (SD 745900) and Grinning Gill (SD 762904). In
‘Greenside Gill (SD 783901) and in the River Clough (SD 782922) iwo beds
are.present beneath the algal bed. In the River Clough they vary in
thickness from 40§m and 50cm fo 10cm each whilst the algal bed;l.in to
2+1m thick, compensates for this variation giving the Scar Limestone a
constant overall thickness. Two very thin shales separate the 50cm to
10cm thick bed from the beds above and beneath. In Gafth Gill ¢sp 771910)
where only one crinoidal calcilutite is present beneath the algal bed,
a single thin shale is seen. |

On the southern side of Garsdale the tripartite division is seen
in Ingheads Gill (SD 776905), Ray Gill (SD 768897) and Aye Gill (SD 730896)
but in the railway cutting above Ingheads (SD 777906) the Limestone shows
no well developed bedding. This is probably because the exposure is much
" more recent than those in the gills and weathering has not yet picked
out the bedding planes. In Pegs Gill (SD 723899 )a nedium bedded, highly

bioturbated, muddy calcarenite occurs in addition at the top of the Limestone.

Dentdale and the scuthwest.

In this area the Scar Limestone is thin and varies locally from
95cm to 2.15m. With the exception of the basal part, which is a dark
grey crinoidal calcilutite where it overlies the Upper Parting shale, the

Linestone is a medium grey crinoid-ossicle calcarenite.
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Throughout Dentdale énd Deepdale the Scar Limestone is algal
in part. The algae form numerous oncolites, usually less than 10cm
in diameter,in a single horizon 25cm to 30cm thick at the top of a thick
calcarenite ( late 11.) The algal horizon, especially the lower part,
weathers yellowish-orange to yellowish-brown. In Stock Beck (SD 734870)
" and Aye Gill (SD 741872), on the north side of Dentdale,and in How Gill
- (SD 744855) and Stock Beck (SD 736854), on the south side of the dale,it
consists of three beds, the central bed being thickest with oncolites
in the upper part. In Arten Gill (SD 785859),on the north side of
Dentdale, two beds occur beneath the thick algal bed but in Long Gill
(SD 779833) at the head of the dale, in Hazel Bottom Gill (SD 776539)
on the north slope of Whernside and in Gastack Beck (SD 709827) and
Broken Gill (SD 716841) in Deepdale, the thick algal bed forms the lowest
bed of the Scar Limestone and rests directly on the Upper Parting shale.
In Cowgill Beck (SD 770886) and Arten Gill (SD 765859) in northern
Dentdale, in Hazel Botton Gill (SD 770839) and Great Blake Beck (SD 762851)
on the north slopes of Whernside and in Gastack Beck (SD 709827) and
Broken Gill (SD 716841) in Deepdale, the algal bed is the highest bed
. exposed. The bed which overlies the algal bed at the localities mentioned
previously is absent in Gastack Beck and Broken Gill, but may be present,
though not exposed, at the other localities. In Gastack Yeck and Broken
G111l the top of the algal bed is bioturbated, pyritic and. weathers red,
features seen onl& at the top of the Scar Limestone directly beneath the
overlying shalae.

South of Dentdale the Scar Limestone is exposed in Force Gill

(sp 758821) on the east slopes of Whernside and in Long Gill (SD 803835)
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Plate 11. The Scar Linestone, Cowgill Beck (5D 770886), Dentdale.
Large irregular oncolites in the orange-brown weathering

algal horizon in the upper part of the Scar Limestone.
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and Lat Gill (SD 802819l near Gearstones. The algal bed is well exposed
but the beds immediatecly beneath do not outcrop. A thick crinoid-ossicle
calcarenite with a bioturbated, pyritic, red-weathering top overlies
the algal bed in Force Gill and Lat Gill but in Long Gill it is absent
‘and the top of the algal bed is bioturbated, pyritic and weathers red.
Parther south the algae disappear and are absent in Ease Gill

(SD 692820) and on Ingleborough whére the Scar Limestone directly
overlies the Cocitleshell Limestone. In Ease Gill the Limestone is l.lm
thick and conéistS’of two thick bedded calcarenites. It is exposed
poorly on Ingleborough but in Mere Gill (SD 745753) it is represented

by a crinoid-ossicle calcarenite 1.25m thick.

Wharfedale.

In northern Wharfedale the tripartite division,characteristic of
the Scar Limestone over much of the northwest Askrigg Block, is seen.

The uppermost bed is not exposed in Tur Gill (sh 825823) but in Grainings
Gi11 (SD 828324, and Deepdale Gill (sh 898811), where a lower and upper
thick calcarenite are separated by a thicker calcarenite with oncolites
in the upper part, the Limestone thickens from l.6m to 1l.9m respectively.
" To the south the algae disappear and the Scar Limestone, which loses its
tripartite division, rests directly on the Cockleshell Limestone.

In upper Littondale the Scar Limestone cannot be differentiated
from the Cockleshell Limestone. In Halton Gill (SD 882773) it consists
of medium grey crinoid-ossicle calcarenites but to the south,on the
northern slopes of Plover Hill, knoll limestones are developed. The knolls
are seen best at (SD 870787) and (SD 853761) and consist of mediun grey

crinoidal calcilutite cores with trepostome and fenestellid bryozoa, capped
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and flanked by medivm to light grey coarse crinoid-stem calcarenites and
calcirudites. The ccre material is poorly exposed unlike the capping and
flanking calcirudites and calcarenites which contain corals inecluding

clisiophyllids, zaphrentids and Lithostrotion, brachiopods including

Gigantoproductus, small productids and spirifers, and bryozoa and scattered

chert nodules. The exact thickness of the Scar Limestone is unknown
~ but where thickest it probably is ébout 12 to 15m.

It thins to the south in Darnbrook Beck (SD 878817) where 1.5m
of medium grey crinoid-stem calcirudites are separated by a gap of 30cm
from the Cocklesheil Limestone. The gap is almost certainly in crinoid-
stem calcirudites belonging to the Scar Limestone. In Crooke Gill
(SD 845733) and at Gorbeck (SD 858657) the Scar Limestone consists of
thick bedded, wedium grey, crinoid-ossicle calcarenites 2.85m and 1.45m
thick respectively.

On the east side of Wharfedale in Park Gill Beck (SD 787753) the Scar
Linestone is 3,65m thick. It consists of a lower SOcm crinoid-ossicle
calcarenite follewed by two calcilutites 45cm and 70cm thick with

Gigantoproductus then 2m of crinoid-ossicle calcarenites. Here, as at

the exposures in Walden Beck (SD 980796) and Myers Garth Gill (SD 970820),
thin limestones are present just above, between the Scar Limestone and
the I'ive Yard Limestone.

To the south the Scar Limestone thickens rapidly and in Dowber
G111 (SD 993728) it is 13.2m thick. The thin limestones seen above the
Scar Limestone %o the north are probably included in this thickness
because a thin shale, 20cm thick, now not exposed, was recorded in
Providence lNine 1.lu beneath the top of the sectiop measured here
(Ingleborough Memoir, 18%0). t this locality the Limestone is a nedium

grey, mediun to thick bedded crinoid-ossicle calcarenite with
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Gigantoproductus, occasionally infilled by chert nodules, common in the

lowest 8.45m. South of Dowber Gill the thickening .:ontinues and in
the area around Bycliffe‘about 3%m of Liméstone is seen above the
Cockleshell Lizestone. All this limeétone is‘decribed here as Scar
Limestone but the upper part nay belong to the Five Yard Limestone (p.190).
A good section in this area is seen at Mossdale Scar (SE 016697). Here
 the Cockleshell Limestone is overlain by 10.6m of medium to very %hick
bedde@ érinéid-bssicle calcafenitgs. The lower beds are medium to light
gfey but become medium to dark grey upwards. They are succeeded by 2.25n
of medium bedded ériﬁoidal calcilgtites, calcarenites.and shales with

calcilutite rodules. They contain corals, including Diphyphyllum and

élisiophyllids,and Gigantoproductus. Above 2.35m of thick to very thick

bedded,medium grey crinoidal calcilutites with Gigantoproductus in the

lower part are separated byA400m of shaly weathering crinoidal calcilutite
from 13m of fhick to very thick bedded, platy weathering, crinoid-ossicle
and -stem calcarenites and célcirudites with chert nodules in the lower
part.

South of Mossdale Scar the calcarenites at the base of the Scar

Limestone'contain a blastoid fauna. Both Orbitremites derbiensis

(Sowerby) and Codaster aputus (McCoy)have been recorded (Joysey, 1955)

but whereas QOrbitremites is common and abundant locally, Codaster is
rare.

Orbitremites is found on both sides of Bycliffe but it is most
common in the west where the blastoid bearing calcarenites outcrop
along 1500' contour and aré well exposed in the small quarry (SD 003692)

. beside the o0ld lime kiln 800m north of Kelber Gate. Orbitremites is
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Plate 12. The Scar Linestone, southeast of Bare House (SE 005667)
' near Yarnbury.

Orbitrenites derbiensis in thin bedded cirinoid-sten

calcirudites capping the calcilutite knoll cores in

the Cockleshell Limestone.
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most abundant farther south in the upper part of the crinoid-stem
calcarenites and calcirudites which overlie the knolls in the Cockle-
shell Limestone south of Bare House. They first appear with crinoid
debris in the upper part of the knoll limestones but become numerous
only in the overlying thin bedded calcarenites and calcirudites. The
blastoids are confined to certain beds only a few centimetres thick
.which are lithologically indistinguishable from the intervening barren
beds. They occur in light to very light grey crinoid-stem calcarenites
and calcirudites with an associated fauna of trepostome bryozoa and
small spirifers. Whereas fragments of crinoid stems, brachia and
pinnmules are common, calyces are extremely rare.

In the region immediately south of the Yarnbury Faults
Orbitremites appears to be distributed through about 10m of crinoidal
limestones capping the knolls. However, measurement by Abney Level
is undoubtedly inaccurate between exposures as both depositional and
tectonic dips occur. This apparent thickness is probably excessive
as elsewhere the blastoids are confined to a maximum of 3 metres of
crinoidal limestone. To the south, even though knolls persist for some
) distance, Orbitremites decrease in abundance and eventually disappear.
Only a single blastoid is recorded south of Rakes Fault (Joysey, 1955).

At the southernmost exposure of these beds, within a few metres of
their disappearance beneath the overstepping Upper Bowland Shale,

" a shell biostrome with an abundant brachiopod fauna is seen. Its
thickness is unkmown for the tiny outcrop, which poorly exposes about
Im, is isolated. The exposure appears to be at the same horizon as the
beds with blastoids; the most southerly specimen of Orbitremites bheing

recorded 250m to the north (Joysey, 1955). The fauria recorded by Joysey
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(1955) consists dominantly of spirifers and produc*ids. Most chells are
complete with both valves attached.and appear in théir position of
growth.

The rest of the Scar Limestone consists of thick to very thick
bedded crinoid-ossicle and -stem calcarenites ﬁhich coarsen locally into
lenses of crinoid-stem calcirudites. On weathering they develop a thin
- parting giving a false impression of being thin bedded. In the sarea
north of Bare House (SD 005669) the calcarenites 15m to 18m above the
basé of the Scar Limestdne containtrepostome bryozoa. Bryozoa are
abundant on the west side of Bycliffe as far north as Capplestone Gate

(SE 000700) and on the east side of Bycliffe to just south of Mossdale

Scar (SE 016697) but farther north they are absent. Gigantoproductus

and Lithostrotion, usually confined to certain beds,are seen beneath

the bryozoan calcarenite and Gigantoproductus is numerous in the beds 1lm

to 4nm benwath. South of Bare House (SE 00%669) btoth Gigantoproductus

and the abundant bryozoa diéappear.

Sparse chert nodules are seen throughout the Scar Limestone but
they are most common, sometimes occuring in bands, in the beds above the
bryozoan calcarenites. They are seen best in the gully (SE 021673)
1.25km south east of Gill House. The crinoid debris within the nodules
has escaped silicification and on weathered surfaces has been dissolved
leaving chert nolds.

Around B&cliffe thé Scar Limestone is gbout 33m thick but in the
vicinity of Bare House (SE 005669) only about 20m are seen beneath the
unconformable Grassington Grit. Although the Grassington Grit cuts down

southwards there is evidence of depositional thinning of the Scar Lime-
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stone. (Hoore,pers. comm.) considers that Sudeticeras ef adeps recorded

from Limekiln Lane Quarry (SE 013662) by Joysey (1955), indicategs a P2b

age and therefore the Five Yard er possibly the Three Yard Limestone. If

the identification is correct, the Scar Limestone must thin towards its
most southerly outcrops north of Grassington allowing at least the

overlying Five Yard Limestone to be preserved beneath the unconformable

‘ Grassington Grit.

Gregn Hill (SE 008677),a small hillock about 60m long, 25n wide
and 4.5m high,is worthy of special mention (Plate 13.) It is visible
from a long distance because, besides being elevated, its green,partly
grass—covered slopes contrast markedly with the brownish heather moorland
surrounding it to the east, west and south. On closer inspection the
vegetation can be seen to reflect the geology; the hillock consists of
limestone blocks whilst the surrounding area is Grassington Grit which is
exposed in several small disused quarries around the hillock. Clearly,
either the limestone overlies the Grassington Grit as it would appear
from field relations (though no limestone normally occurs at this
_stratigraphic level) or a prominence in the upper part of the Scar Lime-
étone has been exposed after erosion of overlying Grit.

The Geological Survey explained Green Hill by two intersecting
faults (01d series 1" Geological Map) but no&{there is no.evidence in the
field to infer that Green Hill is a small horst of Middle Limestone.

Black (1950) considered Green Hill a knoll on the upper.surface
of the Middle Limestone (i.e. Scar Limeétone) whose unconformable cover
of Grassington Grit is now mostly removed by erosion. He noted that the

hillock consisted of grey, medium grained limestone which was bedded, at
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least at the surfece of the knoll.

There are scveral reasons for disputing Black's interpretation.
At Green Hill none of the limestone can reasonably be shown to be in
situ. The limestone consists of blocks which are generally haphazardly
orientated. Black states, "At the northern end the 18° dip corresponds
almost exactly with the surface of the knoll, but elsewhere the dip is
confused and large slabs of limestone lie at all angles as though
disturbed by wave action". The crude form of quaquaversal dip noted by
Black in places on Green Hill would be expected if the hillock consisted
of blocks of limestone as the stable configuration for these would be
with theirAlargest planesparallel to the surface of the hillock (i.e.
with their centre of gravity as low as possible). Gieen Hill occurs
at the same level as the Scar Limestone and is much higher stratigraphic-
ally than the knoll limestones which are in the Cockleshell Limestone,
Bésides, the limestoﬁes afe not br&ozoaﬁ calcilutites.of ;;inoid—stem
calcirudites typical of the knolls but instead consist of blocks of
various lithologies including calcarenites and calcilutites.

Joysey (1955) also disputed Black's conclusion. He noted that
the surface over which the Grassington Grit transgressed was not plaue
and considered Green Hill to be "a residual mass carved from bedded
rock in the upper part of the Middle uLimestone, the blocks having been
displaced during the present denudation',

The haphazard orientation of the limestone blocks (recorded by
both Black, 1950 and Joysey, 1955) their variation in lithology and the
absence of limestone in situ is crucial in any interpretation of Green

Hill. These features, the elongate shape of the hillock and abundance
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Plate 13.

Green Hill (SE 008677) - Previously interpreted as an

upfaulted block, a limestone knoll and an upstanding
erosional remnant of Middle Limestone (i.e. Scar
Linestone) is interpreted here as a mass of glacially
transported limestone debris. The limestone blocks

vary greatly in lithology and attitude and are not in
situ. They rest on stratigraphically higher Grassington
Grit which crops out around the hillock on three sides.
Small outcrops of the Grit are wvisible in the disused
quar?ies in the foreground from which the walling

stones were extracted.
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of glacial erratice in the area léad the author to conclude that Green
Hill is a mass of glacially itransported limestone debris deposited on

the Grassington Grit.
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THE MIDDLE LIMESTONE.

Nidderdale and the southeast.

In this area the Middle Limestone is exposed only in inliers
at Limley and Lofthouse in Nidderdale and to the south in the Skyreholme
and Greenhow areas.

In the Limley inlier a good, though incomplete, section is seen
in the banks of the River Nidd and above in the Limley Railway Cutting
(SE 099764). . The succession is similar in lithology and thickness to
the sections seen to the north of Grassington with which correlation

can be made (Fig. 24.)

BYCLIFFE LIMLEY

GRASSINGTON NIDDERDALE
G le AOr -OOrionastraea
{recorded by Chubb 1526)
Gl G
: . SCAR LIMESTONE T
: i G - Gigantoproductus
or C'; Ob- Orbitremites
b ob 5 *frecorded by Joysey 1955]
G G
G COCKLESHELL LIMESTONE G rs
G 5 G L metres
-Lower Parting_ 7T 0
1
J .| SINGLE POST LIMESTONE E{l ]
orf Or or

Fig. 24. ILithostratigraphic correlation of the Middle Limestone

at Grassington and in Nidderdale.
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In the core of the Limley anticline 4.15x: of medium to dark
grey, thick bedded,spurse crinoid-ossicle calcarenites overlying a
thin shale are-exposéd in the right bank of the River Nidd. Scattered
colonies of Orionastraea are seen in their position of growth along a
"8ingle horizon, 75cm above the base of the limestone. Tonks (1925)

recorded a thin sheet of Orionastraea phillipsi (McCoy) 1/4" (6mm)

thick directly overlying the shale and a bed of corals 1'3" (30cm)

above. The bed of corals, from which Tonks recorded Diphyphyllum aff.

gracile (McCoy), Diphyphyllum gi; lateseptatum (McCoy), Productus;

Alveolites sp., cf. latissimus (Sowerby) and Seminula gillingensis,
(Davidson), appears to be the coral biostrome at the base of the Single
Post Limestone. The beds above belong to the Single Post Limestone
and are separated by a 5.5n gap from the next outcron in the left

bank of the River Nidd where a pink mottled pale grey calcilutite at
least 9Qcm thick Is seen; the bioturbated calcilutite the top of the
Lower Parting. Above, thick to very thick bedded, sparse crinoid-

o3sicle calcarenites 9.85m thick with ebundant Gigantoproductus and

chert nodules in all but the lowest 2.75m form the Cockleshell Limestone.
The upper part of the Cockleshell Limestone is also exposed in the
Linley Railway Cutting at the southern entrance to the tunnel. The
Cockleshell Limestone is overlain directly by the Scar Limestone which
is best exposed in the railway cutting but also crops out on the left
bank of the River Nidd. In the railway cutting the lowest 19.55m are
very thick bedded, mediﬁm grey crincid-ossicle and -stem calcarenites
and calcirudites with scattered chert nodules. Bather (1913) recorded

Orbitremites derbiensis (Sowerby) from a locality near Manchester Pot
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Holes and,though he described the horizon as the Great Limestone,it
was later correlated with the Middle Limestone by Tonks (1925).
Versey (1923) also recorded Orbitremites in 'Iumley! (Limley) Quarry

and more recently Joysey (1955) found Orbitrerites derbiensis (Sowerby)

in the railway cutting at the southern approach to the tunnel. Joysey
correlated this horizon with the Orbitremites bearing beds north of
Grassiﬁgton which occur at a similar level. These beds are overlain
by Im of crinoid-ossicle and -stem calcarenite with abundant

Gigantoproductus, then a shaly nodular calcilutite 40cm thick, followed

by l.2m of coarse crinoid-ossicle calcarenites and 4m of crinoid-stem
calcirudites.

The upper beds of the Middle Limestone are also exposed in the
Lofthouse inlier below Lofthouse Foot Bridge (SE 101735) and in Howstean
Gorge (SE 093735). They-are coarse crinoid-ossicle and -sten
calcarenites and calcirudites at least 2lm thick in Howstean Gorge.

South of Nidderdale the Black Hill Limestone, which crops out
on the north limb of the Skyreholme anticline, is correlated with the
Middle Limestone (Black & Bond, 1952) though Anderson (1928) had |
previously incorrectly correlatéd it with the Gayle Limestone (Fig.25.)
It is exposed in Trollers Gill at the New Danm (SE 072625) Eut the
members of the Middle Limestone cannot be recognised. The Black Hill
Limestone overlies calcareous shale but the exact horizon correlated
with the base of thg Middle Limestone is unknown because the coral
biostrome is absent. Using outcrops to the north and northwest as
evidence, it seems likely that the Limestone IVc is fused to its Base

g0 the base of the Middle Limestone is probably a short disténce above
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the base of the Black Hill Limestone.
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Fig. 25. Lithostratigraphic correlation of the Middle

Linestone at Grassington with the Black Hill

Limestone at Skyreholme and the Upper Toft
Gate Limestone at Greenhow (after Dunham &
Stubblefield, 1945; Black & Bond, 1952).

The lowest bed overlying the calcareous shale, a dolomitised

crinoid-stem calcirudite 45cm thick, is overlain by 45cm of chertified

erinoid-stem calcirudites with chert nodules.

calcirudite with productids showing beautiful geopetal structures over-
lies these beds and in turnis overlain by thin bedded calcilutites and

calcareous shales 25cm thick. These are followed by 3.4m of nedium

to very thick bedded crinoid-stem calcirudites with tabular and nodular
chert. Above, 65cm of thin to medium bedded crinoid-stem calcirudites,
with crinoid stems, preferentially oriented north-south,and productids,

including Gigantoproductus at the top, are overlain by 33c¢n of shale

A 40cnm thick crinoidal
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with a 3cm calcilutite in the upper part. The shale is overlain by
10cm of crinoidal calcarenite and calecirudite with clisiophvllids in

the upper part but corals, including Diphyphyllun and Dibunophyllum,are

more abundant in the overlying calcilutite 18cm thick which is overlain
by 30cm of decalcified crinoid-ossicle calcarenite. The overlying beds
are not exposed.

In the Greenhow area east of Trollers Gill the limestone in
and around Toft Gate Quarry (SE 133646) was mapped by Chubb & Hudson
(1925) as Middle Limestone. Later Hudson (1938) stated,"There is no
doubt that the Orionastraea beds of Toft Gate are the Simonstone

Limestone", since Orionastraea indivisa (Hudson) was accepted by him

as an indicator of that Limestone. In 1945 Dunham & Stubblefield

mapped the Greenhow Mining area and published sections measured in

the Cockhill and Gillfields Adit. They recorded a specimen of Orionastrasa,
in thin bedded limestones and shales 15m up in crinoidal limestones,

identified by Smith as Orionastraea placenta (McCoy) (= Orionastraea

rete Hudson) but by Hudson as QOrionastraea garwoodi probably var. pristina

Hudson). It is interesting to note that the type loeality for

- Orionastraea garwoodi var pristina is in the basal part of the Middle

Limestone in Nidderdale 12km to the horth but it must be remembered that
it-has also been recorced from the Simonstone Limestone of Wensleydale.
Dunham & Stubblefield (1945) named the crinoidal limestone above the thin
bedded limestone and shales the Upper Toft Gate Limestone and correlated
it with the Middle Limestone in the Grassington Moor mining .area to the
west (Fig. 25). They also noted a faunal similarity between the base of

the Upper Toft Gate Limestone and the limestones at Toft Gate Quarry
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(SE 133646). This, and the proximity of the limestonz to the Grassington
Grit,suggests that the limestone at Toft Gate Quarry is the Upper Toft
Gate Limestone and can therefore be correlated with the Middle Limestone.
This is a gross correlation; the basze and top of the Middle Limestone at
Grassington probably do not correlate precisely with the base and top
of the Upper Toft Gate Limestone.

The best section of the Upper Tort Gate Linestone is in the
Cockhill Adit (SE 113647) and was recorded by Ianham & Stubblefield
(1945). Here it consists of 111 feet (33.8u) of crinoidal lipestone
with five thin shale partings separating lower medium grained limestone
from the upper 34 feet (10.4m) of very coarsely crinoidal limestone,
overlain by 20 feet (6m) of crinoidal limestones and shales. The basal
post yielded trepostome bryozoa,similar to those at Toft Gate Quarry,
(SE 113646) and brachiocpods. They recorded a similar but incomplete
section in Gillfields Adit (SE 116649); 90 feet (Z7.4m) of Upper Toft
Gate Limestone was seen beneath the Grassington Grit. The upper 27 feet
(8.2m) is coarsely crinoidal and separated by a skale parting fronm
53 feet (l6.lm) of dark grey, partly dolomitised, crinoidal limestone
beneath.

The smell surface exposures in the area around Toft Gate at
Tof% Gate Quarry (SE 133646) and at a small quarry to the southwest
(SE 131644) expose about 9m of thick to very thick bedded crinoid-ossicle
and -stem calcarenites and calcirudites with a fauna of trepostome

bryozoa and small brachiopods.
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FIGURED SLCTIONS OF THE NIDDIE LIMESTONE.

1. long Acres Quarry NZ 18704% 27. Aye Gill SD 741872
2. Smarber Cill. Sh 97298C  28. Spice Gill SD 746874
3. Staney Gill. SD 959986  29. Cowgill Beck SD 770896

Ly Crag Sike SD 984968 3. Arten Gill SD 735859
5, Routin Gil SD 919969 31. Long Giil 3D 779833
6. Noon Gill. ' SD 893975 32. Hazel Bottom Gill  SD 770829
7. Birkett Railway Cutting NY 774029 33. Great Bluke Beck SD 762851
8. Needlchouse Gill SD 733971 34. How Gill SD 744855
9, River Rawthey SD 729966 35. Stock Beck SD 736854
10. Penny Fam Gill SD 702932 36. Coombe Cill SD 726825
11, Thrush Gill 38D 745900  37. Castack Beck SD 709827
12. Greenside Gill SD 75301 38. Broken Gill SD 716841
13, Ay Gil Sh 756903  39. Zase Gill SD 692820
14, Grinning Gill 3D 762904  40. Force Gil D 758321
15. Garth Gil1 SD 771910  41. Gate Cote Gill 3D 783816
16. River-CICugh SD782922 42. Hazel Gill 3D 785321
17. Co%ae Gill SD 780918 43. Long Gilil 3D 803835
18, Snmout Gill 5D 779908  44. Lat Gill SD 802819
19, IngheadsRailvay Cutiing SD 777906  45. llere Gill 5D 745753
20, Ingheads Gill SD 77605  46. Ure Force SD 801932
21. Assey Gill SD 772902  47. Tarn Gill SD 807929
22, Rﬁy Gill SD 7683397  48. Fousdale Gill SD 861938
2%, Blea Gill SD 758893  49. Coel Gill SD 881917
24, Aye G111 SD 73089  50. Sar Gill SD 908918
25, Ters Gill SD 723800 51. Wmiteield G111 SD 930973
26. Stock Bock Sh 734870  52. Am Gill SD 957923

Birks Gill

5D 935969
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THE SINGLE POST LIMESTONE

DISCUSSION.

The Single Post Limestone contains a marine fauna of crinoids,

brachiopods, corals, foraminifera, bryozoa, pelecypods and gastropods
“indicative of normal salinity. t overlies a sequence of clastic
~deltaic sadimeﬁts in which temporary marine incursions are récqrded by
thin limestones. Like the other ﬁajor limestones of the Yoredale Group
it récor&s a nore prolonged, although still temporary, eétablishment

of a marine environment.

The change from deltaic to marine conditions during which the

Single Posf Limestone accumulated is first marked by accumulation of
Linestone IVc which also containsa marine fauna. The delta-top sediments
with thin but extensive seatearths and coals became inundated by the sea,
calcareous organisms colonised the area and carbonate accwmulation
cormenced over most of the Askrigg Block. Carbonate accunulation was
halted later over the northwestern part of the Block by temporary re-
establishment of deltaic conditions and deposition of a thin sheet of
sand which failed to reach the southern part of the Block. The sand
must have been deposited in very shallow water as it containé seatearths
(gannisters). The presence of seatearths (gannisters and fireclays) and
coal in the deltaic sediments below Limestone IVc and gannisters in the
deltaics above, often within one or two metres of the Limestone, and the
absence of any marked discontinuity in the sequence, suggests that
Linestone IVc probably accumulated in water only a few motrés deep.
Indeed, at some localities Limestone IVc directly overlies coal.

In the north,where the Single Pogt Limestone overlies sandstone,
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‘the onset of carbonate accumulation is marked by a change from deltaic
to marine conditions but in the south,where the Singliz Post Limestone

overlies Limestone IVc,marine conditions were already established (Fig.36

N s
MUKER GRASSIMGTON
Routin Gitl Burnett Force Park Gill Beck 8are House
whitfietd Gi!l Foss l".‘vill Bycl'iHe
1

[2m
0

c-c coral biostrome

SINGLE POST LIMESTCNE

e e e e e [ deftaic sediments
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Fig.36. The relationship between the Single Post Limestone
and Limestone IVc on the Askrigg Bleck.

The initial phase of accumulat$ion of the Single Post Limestone is marked by

colonisation of the sediment surface by corals, dominantly Lithostrotionidae,

over much of the Askrigg Block. They colonised all the northern part where
the underlying sediment was sand except .a  small area on the north flank
of Whernside but in the south,where the underlying sediment was a bioclastic
carbonate mud,only patchy colonisation occurred (Fig.14).

The mud-free, fine quartz ¢iza sussirate wema sutrTicieontly stadle over
nearly all the northern part of the Askrigg Block to allow establishment
of coral polyps although scattered grains or quartz sand inythe coral

biostrome show that at least some sand was redistributed. Only exceptionally

does the coral biostrome contain more than 5% sand as in Sar Gill (SD 908918).
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Currents.may have redistributed the sand but evidence of current activity
is absent. Bioturbation cannot be discounted as a mechanism of sand
redigtribution'but the abrupt top of the sandstone beneath and the absence
of identifiable bioturbation structures in the biostrome indicate
bioturbation was not intense. An environment of dense coral growth

would be an unfavourable habitat for burruwing organisms.

Failufe to locate the coral biostrome above the sandstoune pavement
in Thrush Gill (SD 745906), Garsdale, was probably due to a combination
'of‘pafchy or poor coral development and poor”quality‘and 5mail size of
Athe 6utcrop.fathef tham‘absence'of-the biostrome as it is seen at all
neighbouring 6utcrops.

In Great Blake Beck (SD 762851) and Stock Beck (SD 736854) on
northern Whernside the coral biostrome is definitely absent even though a
sand substrate is present. At both these outcrops the Single Post Limestone
contains abundant sand.passing from a calcareous sandstone at the base into
a sandy limestone above. Redistributicn of the sand substrate by currents
can be proved in Great Blake Beck because the gradational contact between
the sandstone pavement and the Single Post Limestone is cross-laminated.
The sea floor was probably locally high and the sediments susceptible to
current activity. The disappearance of Limestone IVec in this region and
the extreme thinning of the Single Post Limestone to 40cm in Great Blake
Beck, its minimum thickness on the Askrigg Block, is supporting evidence.
The absence of corals at the base of the Single Post Limestone in this area
is due, therefore, to instability of the substrate; the coral polyps could
not establish tihemselves on mobile sediment.

In contrast to the profuse coral development on the sand pavement



- 162 -

in the north, corals colonised the carbonate-mud substrate in the
south only patchily. There is nothing to suggest the surface was
lithfied and formed a hardground and no change in lithology occurs
at this horizon. The common abhsence of an identifiahle bedding plane
or parting between Limestone IVc and the Single Post Limestone indicates
no great break in carbonate accumulation. It appears that the pavement
-of carbonate mud on which the Single Pecsi Limestone accuwmlated was not
lithified. Bioclasts, doﬁinantly crinoid ossicles and brachiopod
fragmenfs, afe:ﬁumeroué enough af nost outcrops to have‘ofﬁeféd potential
| sites for polyp establishment and growth but colonisétion'would be
impeded if the surface was unstable. Although evidence of current
activity is lacking the sediment may have been bioturbated. Carbonate
mud in suspension or cgrbonate mud.and possibly mucilaginous films,
coating grains may have inhibited coral deve10pment§ The patchy colon-
isation probably occurred during an hiatus in carbonate accumulation.
The.almost total colonisation of the sénd substrate but only
patchy colonisation of the carbonate-mud substrate cannot be coincidental.
The corals hesides being more numerous on the sand suhstrate are also
larger, show greater diversity of genera and species and generelly forn
a thicker biostroﬁe. It seems, therefore, that suitability of the substrate
for coral colonisation was of great importance in determining their
distribution. Wélls (1956) when referring to modern scleractinian corals
noted, "Coral planulae can settle only on firm substrates such as bed rock,
other corals, shells and skeletal parts of other .Sé;ﬁntSfy_ organisms,
loose blocks and smaller particles down to a few millimetres in size. In

general fine sand, silt or mud bottoms are inimical to coral development
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unless there are scettered larger, clean particles and sedimentation
is slow".

Developmgnt of the coral biostrome is thought to have been
rapid and morec or less penécontemporaneous. As the biostrome rests on
sandstone with seatearths (gannisters) in the north, deposited in very
shallow-water deliaic conditions, the corels must have been early -
colonisers after marine conditions were established. They presumably
colonised the substrate iﬁ.very shallow water conditions. In the south
:  where marine conditions were alréady eStablished'the-Sea‘was probably
deepér. However, water depth cannot fully:account for the patchy
~distribution of corals in the south because the change from almost
ubiquitous corai developrment on the sand substrate to patchy colonisation
of the carbonate-mud substrate is gbrupt and eairicides with the junction
between the two.

All the coral colonies in the biostrome are in their pcsition

of growth, none are overturned and there are no signs of murmrux W idlz ez

g

Saccaminopsis carteri (Brady), although distributed patchily, and small

brachiopods, notably Sinuateila .sinuata (De Koninck), are common at the

base of the Single Post Limestcne but especially between the coral
colonies. The sheltered environment seems to have been a particularly
favourable habitat. Although brachiopods have been considered relati&ely
unimportant in modern carbonate sediments dense populations occur in
cryptic shallow water tropical habitats such as reef crevices and under—
neath foliose coralé (Jackson et al, 1971).

The corals die out suddenly after a period of apparently vigorous

growth but there is no change in sediment type and reasons for fheir death
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can only be postulated. They may have been overwhelmal by carhonate

mud, the production oi which would increase when marine conditions

vere fully established and calcareous organisus became abundant after

initial colonisation. An increase in bioturbation may have made the

substrate unstable and unsuitable for polyp attachment and growth but

other factors such as increasing water depth or failure to compete with

" other organisme are possible causes;

After a period of carbonate accumulation Qrionastraea sporadic-

-‘aliy7coloniéed the~sediment surface in fhe southéast.A At outcrop the.

sparse colonies are seen aloné a single horizon and it seems probable,

although proof is absent, that they can be correlated lithostratigraph-

ically. Condifions for polyp establishment and growth were suitable

only for a short period.possibly during a temporary reduction in the

rate of carbonate accumulation,but no change in lithology-is seen.
Besides cccurring in the Single Post Limestone, Orionastraea is

found also in tﬁe Simonstone ILdimestone, Hardraw Scar Limestone and in the

thin limestones between the Simonstone and Middle Limestoneson the Askrigg

Block. It has been used traditionally as a 'zone fossil'. Hudson (1929)

placed the limestones of the Yoredale Group containing Orionastraea into

two 'subzones', a lower one characterised by Orionastraea indivisa

(Hudson) and its variants and Orionastraea prerete (Hudson) and an upper

'zone' characterised by Orionastraea garwoodi (Hudson). He considered

the upper ‘subzone' was, "in the main ", equivalent to the Middle Limestone
of Wensleydale and the limestones of the other areas correlated with it.
He divided this 'subzone' into a lower part containing Orionastraea

rete (Hudson) and rare Orionastrasa garwoodi var. pristina (Hudson) and an
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upper part characterised by Orionastraea garwoodi (Hudson). Hudson (1929)

considered Orionastraea garwoodi var. pristina (Hudson) an earlier form

than Orionastraea garwoodi (Hudson) noting that the former variety is

seen only in the Middle Limestone (i.e. the Single Post Limestone) of
Upper Wharfedale and Nidderdale. From this he concluded that the base
of the Middle Limestone in Upper Wharfedaie and Nidderdale is stratigraph~
"jcally lower than the base of the same Limesione in Wensleydale which

contains Orionastraea garﬁoodi (Hudson). To explain this Hudson (1929)

| postﬁlatéd coolesceoce of the thin limeétones below the Middle Limeétone

in Wensleydale with the Middle Limestone in Upper Wharfedale and Hiddexrdale.
Certainly, Limestone IVc beneath the Middle Limestone (Single Post Limestone)
in Wensleydale has fused with the Middle Limestone in the areas Hudson
mentions but his statement that Orionastrsea in the Middle Limestone of |
Upper Wharfedaie and Nidderdale is at a lower stratigraphic level than

Orionastraea in the coral biostrome at the base of the Middle Limestone

of Wensleydale io not correct. In Park Gill Beck (SD 987753), Whnarfedale
Orionastraea occurs 60cm above the coral biostrome at the base of the
Single Post Linestone. The exact position of the base of the Single Post
Limestone is unknown farther south because the coral biostrome is absent
but the occurrence of Orionastraea at a similar level in Whernside Pasture
and Providence Mine (Chubb, 1926) with respect to the base of ;imostone
IVc and the similarity in limestone thickness indicates that it also
occurs above the base of the Single Post Limestone.

In Nidderdaie Orionastraea occurs both beneath and above the
coral biostrome at the base of the Single Post-Linestone. Tonks (1925)

recorded Orionastraea #in. (6mm) thick at the base of the limestone
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exposed at Limley beneath an horizon with Diphyphyilum and other corals
here correlated with the coral biostrome at the base uf the Single Post
Limestone. Neither of fhese were recorded by Wilson (1960) nor during

the present study but sparse scattered colonies of Orionastraea along a
single horizon were recorded 75cm above the base of the Limestone (37cm
above the baée of the Single Post Limestone).

Carbonate accunulation persisted until uplift of at least the
northwest part of the Askrigg Block (p.175), Al=hough pust-depositional
reﬁoval ofmthe'ﬁﬁper part of the Single Post Limesfdne can bé ﬁroved in
the northwest (p.176)the Limestone was thickest in the southegsf and
thinnest in the northwest immediately after accumulation. This is
confirmed by the correlation between limestone thickness and size and
abundance of crinoid debris (p.415} where the upper part orf the Single
Post Limestone has not been removed. The regional variations in thickness
cannot be accounted for by differential compacticn (p.356). In the south-
east, not only are crinéid ossicles more abundant, but they are larger
and freduently preserved articulated as crinoid stems unlike the crinoid
debris in the northwest which is less abundant, smaller sized and more
fragmented. The relationship between crinoid size, degree of preservation
and limestone thickness and the presénce of a micrite matrix shovws that
thickness variations result dominantly from differences in rates of
biogenic carbonate production rather than current activity. The environment
for biogenic cargonate production, as indicated by the profuse development
éf large crinoids, was most favourable in the southeast. Rapid acsumulat-
ion of carbonate is indicated by preservation of crinoid debris often as

lengths of stem.presumably due to rapid burial before complete decay of
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the binding organic matter. Indeed some of the fragmentary bioclastic
debris seen to the northwest may have been derived from the thicker
accumulatioﬁs in the southeast. Although rate of biogenic carbonate
production is.considered the main cause of thickness variations other
factors may also have been important. Carhonate accumulation may have
persisted in the southeast after cessation in the northwest for upiift

. of the northwest immediately post-dates the Single Post Limestone (p.175).
This, howevep, does not account for the differences in crinoid popul-
ations, Water'depth may have heen important. It seems probable that
the sea was deepest in the south and shallowest in the north for narine
cenditions were established in the south prior to accumulation of the
Single Post Limestone. This cannot have been a-major féctor, however,
as the Single Post Limestone is thin in the southwest. The thicker
carbonate accurmulation in the southeast may have been aided by a rate

of subsidence faster than elsewhere on the Block. The upward movenent
of the northwest pért of the Askrigg Block immediately post-dating
accumulation of the Single Post Limestone (p.17%) may have been compensated
by a downward movement of the southeastern part of the Block. Whilst
several of the above factors may have operated the thickness variation
of the Single Post Limestone is explained best in terms of varying rates
of bicgenic carbonate production in response to environment.

The surface of the Single Post Limestone is abrupt and planar in
the south and east but in the northwest it is ifregular, pitted, commonly
iron-oxide stained and.corroded. The irrefularity is not a result of
erosion of unlithified sediment by currents because carbonate mud

has not been winndwed from the top of the Limestone, there is no
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residual concentration of coarse bicclastic debris and intraclasts are
absent both in and above the Limesione. The question arises whether the
surface of the Single Post Limestone was a hardground. Bathurst (1971)
defines hardgrounds as "beds of limestone which show unmistakable
evidence of having existed as hardened sea floors, as rock surfaces, at
the sediment-sea water interfaces" 1lithfied in either a submarine or
subaerial environment. However, the temm hardground is often used in
e nore restricted sense in the literature to refer to only submarine
cemented.sea floors. "A bed of limesfone is regarded as a hardground if
its upper surface has been béred, corroded or eroded (by abrasion) if
encrusting or other sessile organisms are attached to the surface or if
pebbles derived from the bed occur in the overlying sediment", (Bathurst,
1971). Common, although not s*rictly diagnostic, are crusts or
impregnations orf glauconite, phosphate,iron and manganese salts. The
irregular, corroded and iron-stained surface of the Single Post Limestone
in the northwest is not bored, lacks an encrusting or attached sessile
fauna, does not appear abraded and pebbles derived from the limestone are
not round in the overlying beds; subaerial corrosion rather than marine
- erosion seems likely, resulting in formation of an emersion surface.
When freshwater falls on the surfage of newly exposed carbonate
sediment dissolution occurs. During percolation through the sediment -

pore system it becomes rapidly saturated with CaCO, but this process

3
involves an important amount of dissolution (Weyl, 1959). Once the water
is inside the sediment and moving slowly downwards concentration gradients

between particles of different solubilities cause diffusion and further

digsolution.. Cementation will be slight as the pore water is moving and
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the rate of precipitation is slow by comparison with the rate of
dissolution so there :ill be a net loss of CaCOB. The surface of the
rocks will develop a corrosional topography, the inside of the rock,
irregularly and lightly cemented,will evolve a secondary porosity.
Dissolution of the limestone is incréased.by further rainfall, the
release of 002 and organié acids from organic decay and cooling brought
- about by changes in weather (Dunhaﬁ, 1969). Recent carbonate sands,
mixtures of aragonite, high Mg calcite and low Mg calcite, have under-
. gone fwdkprocesses, cementation and large scale dissolution (Bathufst,
'1971). These processes have been recorded in many plaées.for example
in the oolitic facies of the Pleistocene Miami Limestone of Florida.
where a corrosional topography is accompanied by calcite cementation
and dissolution of aragonite ooids witk development oI not only
oomouldic porosity but also vugs with diameters up to several centimetres
(Stanley, 1966; Robinson, 1967). Similar vugs are recorded beneath
subaerially exposed surfaces in Virgillian Strate, Pennsylvanian of
Southern New Mexico (Wilson, 1967). Selective leaching of certain .
conponents of the carbonate sediment is dependent upon their solubility
but once cavities are formed enlargement by further dissolution is conmon.
Vugs, now infilled with coarsel& crystalline ferrcan calcite, are

seen beneath the corroded surface of the Single Post Limestone. Their
development only below the emersion-surface, particularly Jjust beneath,
suggests that they are related. The calcite infilled vugs were first
recorded by the Geological Survey in the Mallerstang Memoirﬂ(1891), "It
(the Singie Post Limestone) has moreover a peculiar spotty appearance

owing to the dissemination through it of a number of small calcite
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crystals .....(it) is marked by the presence of nmany small irregular
calcite spots of doubtful origin? Moore (1955) noted they were usually
iron-stained and that their origin was unknown. The coarsely
crystalline ferrcan calcite is space filling cenent and fills voids.
The vugs are clearly secondary, not primery sedimentary features as
'they truncate fossils (Plate 47). They are thought to have rormed

by dissolution of carbonate by percolation of rainwater through the
sediment during subaerial expésure; Dissolution presumably took place
where solution chanﬁels passed through the limestnne.forﬁed initially
by solution of the most soluble cohponent and then solution enlargement
of the cavity.

Although centimetre sized vugs rnow filled with ferroan calcite
represent only a small proportion of the Single Post Limestone (usually
less than 1%) dissolution on a smaller scale may have been volumetrically
more important. Beneath theemersion surface the limestone is colour
mottled unlike elsewhere on the Askrigg Block. Colour mottling is common
in limestones of the Yoredale Group as a result of bioturbation but the
type of mottling in the Single Post Limestoney which is exceptionally
vivid in places, has not been noted by the author in any other Yoredale
Limestones on the Askrigg Block. In the past the Limestone, because of
the mottling. has been referred to as a pseudobreccia (Hudson, 1929) but
no explanation for the mottling has been proposed. The mottling is not
a depositional feature nor a result of sinple aggrading neomorphism ,

The dark mottles in the B8ingle Post Limestone , a neomorphosed
biomicrite, have a non-ferroan microspar matrix whilst the surrounding

lighter coloured areas have a matrix of coarser, dominantly ferroan
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microspar. Bivclasts are abundant and well preserved in the dark mottles

but in the surrounding areas they are sparser and often corroded. The

" difference in limestone texture is thought to be due to leaching by

rainvater during subaerial exposure; the dark patches being unleached
carbonate whilst the lighter areas acted as channels for percolatihg

rainwater and are leached. The presence of ferroan microspar in the

" channel areas suggestsAthat they were not finally lithified until quite

laté (p.363) unlike the dark non-ferroan mottles.

Payton (i966j recorded mottliﬁg pfoduced by differences in size
of constituent calcite grains in the upper part of the Pennsylvanian
upper Benthamy Falls Limestone of Kansas, though the dark mottles were
coarser grained (calcite av. ZQ/L) than the finer 'groundmass' (calcite
av. 10 u) the opposite to the Single Posf Limestone (p.368). He did not
suggest an origin for the mottles but interpreted the limestone as being
deposited in shallow water mud-flats.

In Birkett Railway Gutting (NY 774029), north of the Askrigg Block,
the breccia at the top of the Single Post Limestore is unique over the
area studied. It was recorded first in the Mallerstang Mermoir (1891) as
a "nodular limestone rubble" and later, because of the rubbly appearance,

Turner (195¢) thought if to be ‘Exythroepo:s:is 1ithodes' (Hudson) which

ke took as an indicator-of the Single Post Liuestone. Although Turner's

identification of the Single Post Limestone is correct his method of

correlation was invalid. Accepting that Turner considered 'Erythrospongia‘

a siliceous sponge as described by Hudson, 1929 (not a bioturbation

structure as suggested here) his misidentification of 'Ervthrosnongia'

in Birkett Railway Cuiting makeS any biostratigraphic correlation invalid.
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Lithostratigraphic correlation of the breccia with the beds containing

'Brythrospongia' to the south is also impossible because the breccia is at

the top of the Single Post Limestone whereas the beds with ‘'Erythrospongia'

form the top of the Lower Parting.

| The abfupt,irregular surface at the top of the Single Post Limestone
seen to the south 1s absent at the top of the breccia although the
"limestone beneatﬁ the bréccia.is mottled and contains patches of coarsely
crystalline calcite as beneath theémersbn surface.

.Blount and Mooré (1969)_gavé critefia for the récognition'of
various typés of carbonate breccia based on a study of Cretaceous breccias
in the.Chiantla Quadrangle, Guatemala. They differentiated between
depositionél and non-depositional fypes dividing the non~depositional
types into evaporite breccias, snlution collapse breccias, tectonic
breccias, pseudobreccias and caliche breccias. The breccia in Birkett
Railway Cutting (p.49)cannot be depositional or tectonic because the
clasts of carbonate in the upper part are unlike the limestone beneath
yet the breccia grades down into non-brecciated limestone. The possibility
that it is an evaporite-solution breccia is unlikely as there is no
evidence of evaporites or dolomitisation. Neither is it a pseudobreccia
because the clasts have distinct boundaries. Only two posgibilities
remaiﬁ, either the breccia is the residual rubbly carhonate left on a
subaerially exposed surface after dissolution of carbonate or it is a
caliche. If the breccia is simply a residual limestone rubble on a
subaerially exposed.surfacé after carbonate dissolution then the clasts
would be similar in lithology to the carbonate they were derived from.

In Birkett Réilway Cutting the clasts of the breccia contain only
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extremely rare bioclasts unlike the limestone bencath where bioclasts
are abundant. The clasts also have a completely different fabric from
the limestore beneath, are sometimes laminated concentrically and often
contain caleite infilled fractures. These features and fheir petro-
graphy (p.366) suggest that the breccia is the result of calichification.
The best documented caliches are %those of Pliocene to Holocene
.age which cover large parts of the High Flains of #astern New Mexico.
They result from in situ soil Toming processes taking place in a seni-
arid climate with seasonal rainfall. Caliches consist typically of a
thin leached soil with scattered calcareous nodules at the base beneath
which is an irregular thin-bedded to massive, partly laminated and/or
nodular zone conmposed only of slightly porous calcite with few remains
of pre-existing sediment. This grades down into a massive, somewhat
thicker, rubbly zone composed mainly of loosely aggregated, partly
brecciated nodules and irregular fragments of carbonate in a powdery
carbonate matrix. A transitional zone beneath passes down into unaltered
country rock. Variability in caliche profiles partly reflect their
maturity (Price, 1933; Hawley & Gile, 1966; Reeves, 1970) and partly
_ stems fron interrelated physical factors which include the nature of the
parent material, the amount and chemieal composition of infiltfating
water, local climate, nature and density of plant cover and whether or
not new sediment is being added as calichification proceeds (Smith, 1974).
One or more of common caliche zones is absent from many profiles and
laminated pisolitic structures are formed in latest stages of caliche
formation (Reeves, 1970).

Although pisolitic caliches have been described frequently in
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the literature the avsence of well developed pisoliths in the breccia
' presents no problems. Non-pisolitic caliches have been described by
Smith (1974) who notes, "Perhaps the most ccmuon form of caliche in
Upper Artesia shelf sediments (Permian) is non-pisolitic as it is in
the more modern caliches". Smith (1974) notes that rmore of the original
sediment is preserved in the non—pisolitic caliches and that mosf of

| the upper part of the profiles hew conprise a dense cryptocrystalline
aggregate of turbid carbonate grains interrupted by ghpsts of former
clasts. Although fibrous calcite is abundant in many caliches, the
main component of the caliche in Birkett Railway Cutting is microspar
(p-366) as in calcified limestones on many hills in Texas (Folk, 1969,
quoted in Bathurst, 1971). The absence of quartz sand, a component of
most caliches, reflects either a lack of exposed source material or no
supply.

Provided no new gediment is added during formation of caliche,
the nature of the many processes involved demands that the rate of
buildup of the caliche diminishes with time; there must be a tendency
toward gelf limitation in thickness. The widespread occurrence of
Pliocene to Holoucene caliches betweenlmand 4m thick is probably a
reflection of this tendency. Assuming that no material had been removed
from the caliche in Birkett Railway Cutting, its thickness of only 60cm
and the absence of abundant laminated and pisolitic structures suggests
that calichification did not progress to its final stages. Soils at the
top of fossil caliches are commonly not preserved (Smith, 1974) presumably
because of erosion aftei resubnergence,

The presence of a caliche conclusively demonstrates that the
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sediments in which they formed were exposed subaerially (Smith, 1974).
The caliche in Birkett Railway Cutting,like the corroded surface of

the Single Post Limestoﬁe over the northwest part of the Askrigg Block,
is iron-oxide stained. The area peripheral but adjacent to the emersion
surface is also iron-oxide stained and weathers rubbly. Similar iron-
oxide concentrations beneath subaerially exposed surfaces are recdrﬁed‘by
" Smith (1974) in Guadalupian rocks (Permian) of New Mexico and by Wilson
(1967) in Virgillian Strata (Pennsylvanian) of the Sseramento Mountains.

The widespréad devélopmenf of an irregular, emersion surface in
the.northwest but only extremely localised formation of a ﬁoor caliche
is probably a reflection of climate. Although the-corroded surface, vugs
énd nottling suggest rainfall was édequate for caliche formation, the
climate was probably not seasonally arid enough for widespread caliche
develépment. The poor caliche seen in Birkett Railway Cutting probably
formed in a locally favourable microenvironment where relief and possibly
the water-table were most. favourable. Thé rubbly weathering. iron-oxide-
stained area peripheral to the irregular, corroded surface may represent
incipient caliche formation.

Accumulation of the Single Post Limestone was terminated by
subaerial exposure of the carbonate sediment over the northwest part of
the Askrigg Block, a rasult of tectonic movement, eustatic change or both.
Subaerial exposure is explained easily in terms of tectonic uplift of
the northwest corner of the Askrigg Block above sea level. The Pennine
Basin, subsiding at a faster rate than the Askrigg Bléck, must have exerted
a downward drag on the southern edge of the Block. If the drag was

greatest in the southeast then the relatively buoyant, though slowly
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subsiding Block would tilt southeastward about a NE-SW axis. This tilting
may have produced uplift of the northwest and subaerial exposuré of

the recently accunulated sediment. If the tilt is considered uniform
over the entire Block (an unlikely situation notably because of the non-
monolithic character of the Block and drag effects at the Block edges)
then speculation about the amount of tilt required to subaerial expose

' the area now cévered by the erosionlsurface can be made for given water
depths. At a weter depth of 10m the tilt required is only about 0.1°.
Unfortunately, absolute water depths during accumulation of the Single
Post Limestone are unknown. Although evidence of high energy environ-
ments is absent the fauna indicates shallow water conditions. If eustatic
change i.¢. marine regression, caused the subaerial axposure then the

sea must have been shallowest in the northwest. There is some cwidence
to support this (p.160) but the sediments in the northwest record no signs
of shallowing conditions even in the area peripheral to the erosion
surface where the upper part of the limestone presumably hes not been
renoved.

A tectonic explanation is preferred because of absence of change
in sediment type of the top of the Limestone and the occurrence of similar
movements'later (p-415). The amount of limestone removed during subaerial
exposure in the northiwest was probably small, only one or two metres.
This estiwate is based on the relationship between abundance and size of
crinoid debris and limestone thickness (;L415)and the marked thinning
to the northwest that‘is seen where the emersion surface is.absent. In
Dentdale where the Single Post Limestone is exceptionally thinm it is

possible that a greater thickness was removed. However, because it is
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very sandy and uniquely cross-laminated here, this probably reflects
thin carbonate accumulation rather than considerable post-depositional
removal. If the sediment surface after deposition is assumed to be
more or less planar within the confines of smail outcrops then post-
depositional removal cf at least 75cm can be proved (p.65).

Dickite is recorded infilling cavities and along stylolites iﬁ the
>Single Post Limestone o§er the northwestern part of the Askrigg Block. It
is often associated with cavity-filling ferroan calcite cement but etching
and embayment of the ferroan calcite, where adjacent to dickite, shows they
are not related genetically; thé dickite is authigenic and post-dates the
ferrocan calcite cement. Dickite is recorded infilling cavities in Pennsyl-
vanian Limestones of Kansas where it is most common in the nottled biomicrite
facies and is associated with a ferrvan carbonate cement, in this case ferroan
doiomite (Hayes, 1967; Schroeder & Hayes, 1968; Mossler, 1971). Hayves (1967)
originally suggested the dickite and ferrocan dolomite were related genetically
but this view was later changed (Schroeder & Hayes, 1968) for the change from
large volumes of alkaline solutions of negative Eh to acidic solutions necessary
for dickite crystallisation could not be explained. l!Most dickite occurrences
“are associated with hydrothermal activity. Schroeder & Hayes (1968)
demonstrated a relationship between the areal distribution of dickite in Penn-
sylvanian Limestones of Kansas and Tertiary igneous intrusions and suggested
dickite formed from heated ground waters. However, occurrences of dickite are
recorded which bear no apparent relationship to hydrothermal solutions (Bayliss
et al, 1965) , as in the Single Post Limestone. The origin of dickife in the
Single Post Limestone is unknown though it is interesting to note that in the
Pennsylvanian Linestones of Kansas and the Single Post Limestone, dickite is

most common in mottled biomicrites.
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THE IOWER PARTING.

DISCUSSION.

The base of the Lower Parting is recognised easily over most
of the Askrigg Block because it overlies the abrupt tep of the usually
distinctive Single Post Limestone. Its top is defined by the base of
» the Cockleshell Limestone. Over the southern part of the Askrigg
Block the Lower Parting is absent and the Cockleshell Limestone rests
directly on the Single Post Limestone (Fig. 15).

Accumulation of the Lower Parting did not commence until
resubmergence or the subaerially exposed Single Post Limestone, probably
a result of fectonic subsidence rather than eustatic rise (p.175).
Hollows in the irregular, corrcded top of the Single Post Limestone,
which presumably had become at least partly 1lithified during subaerial
exposure, wvere infilled by sediment, usually terrigenous or carbonate mud
but sometimes quartz sand. Evidence of scouring prior to deposition is
absent, the hollows are simply infilled and no debris from the Single
Post Limestone is seen in the overlying beds. There is never any litho-
logical transition between the Single Post Limestone and the overlying
beds.

In the southern part of the Barnard Castle Trough the Lower
Parting consists of thin shales and calcilutitesin the east but in the
west it is thick and composed of deltaic sandstones and shales with
occasional +thin marine limestones. The Lower Parting thins southwards
across the Askrigg Block where marine rather than deltaic sédiments
predominate. The thick deltaic sandstones seen in the northwest reach

only the western part of the north edge of the Askrigg Block where
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calcilutites become prominent. The shales become calcareous and contain
a sparse marihe fauna on the Block but as the Lower Parting thins
calcilutites form more of the successiun and the shales eventually

- fail. Farther south the calcilutites also thin and fail so that over
the southern part of the Askrigg Block the Lower Parting is absent.

_ Aﬁsence of the Lower Pérting here is réal and not a result of lateral
-passage into the Cockleshell Limestone becausze at the most southerly
exposﬂres the mcttled calcilutite, seen at.the top of the Partirg in

the north, rests directly on the Single Post Limestone. The réaéon for
its absence is not known although subsidence &f the northwest part of
the Askrigg Block5which resubmerged the subaerially exposed Single Post
Linestone allowing accumulation efthe Lower Parting. may have been a
rotational movenment causing a compensating uplift of the southerm part
_of the Block. This may have prevented accumulation of the Lower Parting
but there is no evidence to suggest that the southern part of the Block
was subaerially exposed.

Thick, well developed sandstonesin the Lower Parting occur in
two areas, in the southwest part of the Barnard Castle Trough and on the
west of the Askrigg Block in Garsdale. Between these areas the sparse
outcrops from Garsdale (SD 745900) rnorthwards to ¥eedlehouse Gill
(SD 733971) contain much less sand but from Needlehouse Gill northwards
to Birkett Railway Cutting (NY 774029) exposure is very poor and the
bresence or absence of sand in the Lower Parting is unknown. The
distribution and thickness of sandstone indicate two sand bodies with
different directions of supply (Fig.l6).The. sand in the Birkett Railway

Cutting reaches only the western part of the north edge of the Askrigg
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Block and had a norihnorthwesterly source. It is micaceous, sometimes
parallel or ripple cruss-laminated and belongs to a suite of deltaic
sediments (pt401). The sand in Garsdale has a west to northwesterly
derivation. Its northern limit lies in the poorly exposed ground
‘between Needlehouse Gill (SD 733971) and Birkett Railway Cutting

(wy 774029). The séndstone is occasionally cross-laeminated, calcareous,
" has a sparse fauna of brachiopods aﬁd is marine differing markedly from
the deltaic sandstones to the north.

The delfaic sand reached only the north edge of the Askrigé
Block and is unlikely to have been the source of the wusinorthwesierly
derived sand in Gérsdale. Unlike the deltaic sandStones which grade
distally into siltstones and shales, the sandstones in Garsdale pass
into limestones with interbedded shales absent or only poorly developed.
Quartz sand must have been the dominant type of sediment supplied to
Garsdale; terrigepous nud was quantitatively unimportant. If the send
had been derived fron the deltaic sediments which contain abundant
terrigenous mud and silt in addition to sand,then the sandstones in
Garsdale would be associated with, or grade distally into, finer clastic
sediments before finally passing into carbonates.

The location of marine sandstones in the Lower Parting on the
northwest part of the Askrige Block, the area of maximum uplift post-
dating accumulation of the Single Post Limestone, is considered significant.
It is thought that during subaerial exposure, the Single Post Limestone
was completely removed in an area west of the Dent Fault, to the north-
west of Garsdale, exposing the sandstone beneath. After resubmergence

the exposed sand was redistributed by currents eastsoutheastwards into



Garsdale, an area wuere the Single Post Limestone had not been completely
removed,to form the Loweerarting. Tetal removal of the Single Post
Limestone is easily envisaged for it is only 40cm thick at sonme
localities on the Askrigg Block (p.52). The area northwest of Garsdale
vwhere it is absent is not only the area of maximum post-Single Post
Limestone uplift but is also anticlinal (the Howgill Fells anticline).
 This structure, like many ofher tectonic features in this region,
iprobably had an extrgmely long history and nay have been active at thisl
time. The sandstones of the Lower Parting in Garsdale, like the sand-
stone directly beneath the Single Post Limestone; are not notably
micaceous and contrast with the sandstones of the Lower farting to the
north which contain aburdant mica.

North of Garsdale the sand content of the Lower Parting decreases
gradually. Beneath the mottled calcilutite sand disappeérs between
Penny Farm Gill (SD 702932) and Needlehouse Gill (SD 733971i) but that
above persists northwards at least to Needlehouse Gill. East of Garsdale
the sand disappears more abryuptly. Sandstones are well developed in
darth Gill (SD 771910) but in the River Clough (SD 782922),1.5km to
the northwest,only scattered grains of’sand are seen in the upper lime-
stones of the Lower Parting. The southern margin of the sand, although
impossible to position accurately in the southwest because of poor
outcrop, is abrupt in the southeast. Its boundary passes eastwards under
Rise.Hill to the south of Cowgill Beck (SD 770886) then northwest under
the northwest flank of Widdale Fell tb Garsdéle Head. Outcrops northwest
of this line all show well developed sandstones but sand is absent

immediately to the southeast. The abrupt southeast margin of the sand
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probably represents the 'sand-front'. Further, the area immediately
southeast of the sand, around Upper Dentdale, was a local 'high' (p.176)
possibly halting advance of the sand.

Besides the main sand sheet in Garsdale, sand is also seen in
Tur Gill (SD 825822), Grainings Gill (SD 828324) and Far End Gill
(SD 833825), east of Cam Houses. Althousgh good outcrops surrounding
 this area are sparse none contain sand. They show the sand at Cam
Houses is a small isolated patch lying southeast of, and downcurrent
from, the sand in Garsdale. It seems some sand broke free from the
main sand body in Garsdale and was eventually deposited 8km to the
southeast. The sand did not travel over a soft-sediment surface but
over the surface of the Single Post Limestone which mﬁst have become
at least partly lithified during subaerial exposure. During trans-
poriation by currents grains with similar hydraulic propertieg tend to
travel en mass. Isolated patches of sand fotally surrounded by carbonate
are also recorded from the Three Yard Limestone (Mooré, 1958).

The Lower Parting elsewhere consists of calcilutites with,
over the northern part of the Block, interbedded shales. Although the
- main influxes of terrigenous mud are recorded by shales, a distal
deposit of the delta to the north, a limited supply of mud was more
or less continuous throughcut accumulation of the lowest beds of the
Lower Parting in the north as the calcilutites are muddy.

In an area including Routin Gill (SD 919969), Whitrield Gill
(SD 930923) and Arn Gill (SD 953923), the Lower Parting contains chert
as nodules and thin stringers. This is the first appearance of chert

in quantity in the Middle Limestone although isolated nodules are seen
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in the Single Post Limestone in the southeast.

The uppermost calcilutites of the Lower Parting are character-
istically but variably mottled. Mottling is very distinct at some
localities but at others, generally in the south, it is faint or
indistinct and recognition depends on the state of weathering of the
outcrop., It shows best on water-polished surfaces and sometimes guite

well on clean-weathered surfaces bui on badly weathered faces and often
on fresh-broken surfaces the mottling can be difficult to see. At some
outérobs it is ihvisiblé on fresh-broken surfaces but cah be recognised
as vague, faint pinkish blotches on suigably weathered surfaces. The
margins of the mottles vary from distinct through diffuse to indistinct.
Where shales occur adjacent to the mottled calcilutites they often
contain carbonate nodules similar to the mottles in the calcilutites.

Hudson (1929) first commented specifically on the uopermost of
these beds and ncted the nodules are 1/2" (1.3cm) to 5" (12.7ecm) in
diameter, red or dark grey, occur in both limestone and shale and the
spaller nodules are cylindrical whereas the larger nocdules are irregular
and bulbous. The form of the nodules and the presence of spicules,
sometimes siliceous but mostly pyrite or haematite, led Hudson to
conclude that the nodules were siliceous sponges which he named

'*Erythrospongia lithodes'.

When considering the distribution of the sponge Hudson (1929)
used previously published data but unfortunately misinterpreted several
different descriptioﬁs thirking incorrectly that they referred to the
horizon he described from Arn Gill (SD 953923), Wensleydale. Hudson

thought the "small irregular spots of calcite of doubtful origin" recorded
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in the Mallerstang Memolr (1891) descuided 'Erythrospongia’ and stated that

the reference to small calcite crystals in the introduction is, "an
evident error of the wfiter". This description, however, refers to the
small irregular patéhes of coarsely crystalline ferroan calcite in the
Single Post Limestone. Similarly, he incerrectly correlated the bed

of "spotted limestone" 8" thick at the base of the Middle Limestone in
"the River Ciough (Mallerstang Memoif, 1891),the Single Post Limestone,
with the nodular beds in Arn Gill., The middle of the limestones exposed
on the northeast flank of Park Fell was also mis-correlated with the Middle
Limestone of Wensleydale even though it had been previously correlated
with the Simonstone Limestone (Ingleborough Memoir, 18%0), Hudson's
conchusion was based on recognition o.f a rubbly horizon bed as the

'Erythrospongia’ bed.

Variations in size, form and preservation of the mottles and
nodules in the uprer beds of the Lower Parting leads the writer to
conclude that they are bioturbation structures not sponges as Hudson
(1929) suggested. Both the mottles and the nodules are burrow infills
The nodules in shale are always associated with an adjacent mottled
. calcilutite and result from infiltraticn of carbonate mud into open
burrows in terrigenous mud or physical incorporation of carbonate mud
into terrigenous mud during bioturbation. Many of the mottles and
nodules are iron-stained, a feature frequently associated -i%h burrow infills
in limseiscss of the Yorede! .2 +reup which are muddy cr beneath shales.
The staining results from oxidation of fine disseminated pyrite.

To the northwest of the Aékrigg Block deltaic conditions

prevailed during accumulation of most of the Lower Parting. The thin
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coal near its base in Birkett Railway Cutting (NY 774029), the vroduct
of a swanpy environmént,indicates very shallow water conditions during
accunulation of the lowest beds. Temporary establishment of marine
conditions is recorded by two thin limestones in the upper beds.

On the Askrigiz Block a marine environment became eskablished.
Throughout the Lowér Parting there is an upward and southward incfease
in the carbonate mud : terrigenous mud ratio. Not only do shales decrease
in thickness and frequency in these directions but they also become
increasingly calcareous. The upward and southward change in colour of
the calcilutites from dark brownish-grey in the north and grey in the
south to paler grey also reflects this trend. |

The macrofauna of the Lower Parting is sparse, especially in
the north, consisting of brachiopods, dominantly productids including
spinose types, and bellerophontids. In contrast to the Single Post Lime-
stone beneath, corals are absent and crinoid debris is sparse, often rare.
The poor macrofauna, especially the scarcity of crinoids which are
usually abundant in carbonates of the Yoredale Group, shows the environ-
ment did not favour colonisation by abundant and diverse calcareous
organisms.' The appearance of intense bioturbation in the unper beds is
not marked by any faunal change, It may have occurred during a decrease
in the rate of carbonate-accumulation or be related to other environmental

factors such as changes in water depth.
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THE COCKLESHELL LIMESTONE

DISCUSSION.

Accunulation of the Cockleshell Linestone followed deposition
of the Lower Parting. Over the northern part of the Askrigg Block it
overlies the Lower Parting but in the south,where the Lower Parting is
_absent, it rests difectly on the Single Post Limestone. The top of
the Ccckleshell Limestone is defined by the base of.the Upper Parting
over the northern part of the Block but in the south and southeast the
Upper Parting is absent and its top is marked by the base of the Scar
Linestone.

The Cockleshell Limestone accumulated over the entire Askrigg
Block. In the northwest and west it is a crincidal calcilutite with
thin interbedded shales but towards the southeast the shales disappear
and the limestone btecomes more crinoidal passing in the southeast into
~coarse crinoid-stem calcarenites and calcirudites. Increasing crinoid
content is accompanied by an increase in limestone thickuess, a
relationship seen also in the Single Post and Scar Linmestones.

The gfeater abundance, larger size and less {ragmented nature of crinoid
debris in the southeast shows the environment there was more favourable
for crinoid growth than elsewhere on the Block and carbonate accumulation
was rapid. Good preservation of crinoid debris, lack of evidence of
current accunulation and the association of coarse crinoid debris with
bioherms indicafe limestone thickness is controlled mainly by the rate

of biogehic carbonate production.

Gigantoproductus, a characteristic faunal element of the

Cockleshell Limestone, occurs over most ol the area except in the south
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and central-west. It appears just above the base of the limestone. In

the east vwhere Gigantoproductus is accompanied by a profuse fauna in-

cluding Lithostrotion and Clisiophvllids the beds become very cherty.

The simultaneous appearance of an abundant fauna and chert suggest they
are related. It is thought siliceous organisms were part of this fauna
and their silica was redistributed during diagenésis'to form .

" both nodular and disseminated chert (p.378).

The formation of many chert nodules in the concavity of

Gigantoproductus valves, which are usually in their position of growth,

is related to decomposition of gigantoproductid organic matter after
death. This would produce a locally favourable environment for silica
precipitation (p.376).

In the southeast, north of Grassington, knolls are developed
in the Cockleshell Limestone. They are discussed on 5.354 and considered
as bioherms (Cumings, 1932). The knolls rirst appear near the base of
the Cockleshell Limestone and persist throughout the Limestone. The
association of coarse crinoid debris with the knolls sﬁggests that the
coarse crinoidal limestcnes seen‘farther east nay also be related to
bioherm development. The gradual southerly decrease in size and final
disappearance or the knollé in the southern-most ground at Grassington
shows they do not persist right to the southern edge of the Askrigg

Block.
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THE UPPER PARTING.

DISCUSSION.

The Upper Parting on the Askrigg Block marks interruptidn
of carbonate accumulation by influx of terrigenous mud in quantity.
Its base is taken at the first appearance of well developed shale
_above the Cockleshell Linestone, its top at the base of the Scar
Linmestone.

To the northwest of the Askrigg Block in the Barnard Castle
Trough, the Upper Parting, well exposed in Birkett Railway Cutting
(NY 774029), is thick and consists of a coarsening upward sequence of
deltaic shales and sandstones. The sandstones reach only the northwest
corner of the Askrigg Block and are seen in Needlehouse Gill (sp 733971)
and the River Rawthey (SD 729966). Here they are poorly developed in
en essentially shale sequence only half as thick as the Upper Parting
in Birkett Railway Cutting. The shale thins and becomes increasingly
calcareous southeastwards failing in the south and east where the
Upper Parting is absent. Thin limestones developed locally in the shale
record periods of temporary reduction in accumulation of terrigenous
mud.

On the Block the shale contains a marina fauna of brachiopods,

dominantly productids including Gigantoproductus and spirifers,and

variable quantities of crinoid, bryozoan and shell-debris. The presence

of Gieanitcproductus only in the basal and uppermost calcareous parts of

the shale, adjacent to the underlying Cockleshell Limestone and over-
lying Scar Limestone, and in thin limestones within the shale suggests

thet Gigantoproductus tolerated a muddy environment providiﬁg it was
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sufficiently calcarecus. It did not survive in less calcareous,nuddy
enviromments,

The similarity between the lithology of the thin limestones in
the Upper Parting shale and the Cockleshell Limestone beneath, suggests
‘that the Cockleshell Limestone may have continued accurmlating in the
south and east during deposition of the Upper Parting in the north. The
Upper Parting in the north may theréfore be equivalent to the upper part
of the Cockleshell Limestone in the south and east. The only other
possibility is thét'carbonate.accumulation ceaéed dufing deposition of
the Upper Parting. The change in carbonate lithology from calcilutites
to calcarenites at the base of the Scar Limestone over much of the Askrigg
Block shows the Upper Parting in the north does not pass laterally into

the Scar Limestone in the south and east.
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THE SCAR LOIESTONE.

DISCUSSION.

Thc base of the Scar limestone is easily recognised where it
overlies claétics of the Upper Parting but in the south and east, where
the Uppe:r Pariing is ahsent and the Scar Linestone rests on the

. Cockleshell Linestone, its baseis less easily identified. The change
in lithology Irom cfinoidal calcilutites of the Cockleshell Lirestone
to crinoidal calcarenites of the Scar Limestone enables recognition of
the base of the Scar Linestone over much of the couthern ground.
Hovever, in the southeast the Cockleshell Limestone bhecomes increasingly
crinoidal and the base of the Scar Limestone is difficult and sometines
impossible to recognise. In the area north of Grassington where lmolls
are developed in the Cockleshell Limestone the coarsely crinoidal
capping beds arz similar in lithology to the overlying beds of the Sear
Limestone. However, the occurrence of Orbitremites, correlated with
Crbitrenites reccrded from the base of the Scar Linestone at Limley,
Nidderdale (Joysey, 1955) enables recognition of the lowest beds.

The top of the Scar Limestone is easily identified in +the north
and west where the Limestone is thin and sevarated from the Pive Yard
Linestone by a thick clastic sequence but to the scutheast the clastics
thin, the Scar Limestone thickens and its top is less easily recognised.
The shales and sandstones separating the Scar and *ive Yard Linestones in
the northwest thin southeastward, the sandstones failing first then the
shales. As the shales thin they become increasingly calcafeous and thin
linestones appear within them. Farther soufheast the thin limestones

thicken, the shnles separating them from the Scar Limestone fail and the
’ 2 g
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limestones become attached to the top of the Scar Limestone. Where
attached, the thin lisiestones are inseparable from, and included within,
the Scar Limestone. The top of the Scar Limestone in the southeast is
therefore stratigraphically higher than in the northwest. Carbonate
“accunulation, terminated in the ncrthwest by influx of terrigenous nud,
persisted in the southeast until accunulation of the Five Yard Limestone
 was complete.

Wilson (1960) considered the sediﬁents overlying the Middle
Limestone (i.e. Scar Liﬁestoﬁe) in the.areé around Penhill bélong to -
the Three Yard Cyclothem and that the Five Yard Cyclothem is absent.

He suggested the Five Yard Cyclothen was never deposited in this area

and that the Middle Limestone may have stood atove water whilst the Five
Yard Cyclothem accumulafed elsewhere. ILccal increase in thickness of the
Middle Limestone on Penhill and the presence of a gannisteroid sandstone
end seatearth above the Middle Limestone in Caldbergh Gill (SE 092851)
Coverdale, 6 kilometres to the east, were used to support his wonclusion.
The Five Yard Cyclothem, however, was deposited over this area and therec
is no lithological evidence to indicate that the Middle Limestone was
subaerially exposed. The Five Yard Limestone lies close to the top of
the Scar Limestone on Penhill and was included in the upper part of the
Middle Limestone (Scar Limestone) by Wilson (1960). The shale separating
the Scar and the Five Yard Limestones is poorly exposed but l.5m of shale,
probably with a total thickness of about 2m, is seen near Chantry

(SE 054878) on the north side of Penhill. It separates thick bedded
crinoidal calcérenites of the Scar Limestone from crinoid-stem calcarenitesa

and caleirudites with depositional dips belonging to the Five Yard
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Limestone. The upper beds at Morpeth Gear (SE 029877) and the bryozoan
calcarenite at Long Ing Wood (SE 022869) recorded as Middle Limestone
by Wilson belong to the Five Yard Limestone. Farther southeast the
shale.fails completely and the Five Yard Limestone rests directly om
the Scar Limestone. This is seen in Great Gill (SE 075840) and
Caldbergh Cill'(SE 090851), Coverdale. Tne gannisteroid sandstone and
" seatearth recorded by Wilson (1960) in Caldbergh Gill above the Middle
Limestone are therefore above the Five Yard Limestone.

In the aréa’northAof Grassington recognition of the tdp of the
Scar Limestone is not only complicated by thinning of the shale
separating the Scar and Five Yard Limestones but also by thickening of
the Limestones and stratigraphic lowering of the intra-E1 unconformity.
Black (1950, and Joysey (1955) considered the limestone immediately
beneath the Grassingtén Grit south of Bycliffe was the Middle Limestone.

However, the record of Sudeticeras cf adeps (E.W.J. Moore) from Limekiln

Lane Quarry (SE 01%662) in limestore just beneath the Grassington Grit
(Joysey, 1955) is taken by Moore (pers. comm.) to indicate a P2b age,
the Five Yard or possibly the Three Yard Limestone. A thin shale of
unknown thickness underlies the limestone and may separate the Five Yard
Limestore from the Scar Limestone.

Thin shales also occur in the Scar Limestone. 1In the east a thin
shale is exposed in the Scar Limestone near Chantryv (SE 054878) on
Penhill and in Caldbergh Gill (SE 091851), Coverdale. The shales
exposed at Mossdale.Scar (SE 016697) north of Grassington and in Limley

Railway Cutting (SE 099764), Nidderdale, may be equivalent to this shale.

If this is so then the shale and at least pért of the overlying limestone
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belong. to the Scar Limestone. However, if the shales at Mossdale Scar
and Limley Railway Cutting ére the feather edge of the shales overlying
the Scar Limestone, then both the shales and the overlying limestone
are above the Scar Limestone. These beds are ftentatively included in
the Scar Limestone but it is thought that detailed mapping could prove
them to overlie the Scar Limestone.

The-great variation in thickness of the Scar Limestone over the
Askrigg Block from bétween lm and 4m in the west to 30m in the east and
southeaét, althoﬁgh partly du=s to a longer period.of éccumulation in thé
east and southeast (p,lgljwas controlled méinly by thé rate of biogeﬁic
cazbonate production. There is good correlation between linmestone
thickness and abundance, size and preservation of crinoid debris, as in
the Single Post and Cockleshell Limestones. The liuestone is
thickest where biogénic carbonate production was greatest, its thickness
reflecting essentizlly in,or near, situ accumulation of‘biégenic carbonate
not current accumulations.

During accumulstion of the lower part of the Scar Limestone

Gigantoproductus inhabited the northern and eastern part of the Askrigg

Block and the area to the north; a similar area occupied by Gigantoproductus

in the Cockleshell Limestone. Where the Scar Limestone is thin in the
northwest they are usually confined to the lowest bed but in the east and
southeast where the Scar Limestone thickens they increase in abundance
and occur throughout a greater thickness oI limestone. Around Byclirfe

and at Limley in Nidderdale Gigantoproductus is particularly abundant-in

a restricted horizon in the upper part of the Scar Limestone.

In the northeast and central east the beds with Gigantoproductus
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are cherty and contain an abundant,diverse fauna including Lithostrotion

and Clisiophvllidae. The association of an abundant fauna with development

of chert was also noted in the Cockleshell Limestone (p.187). It is
thought favourable environmental conditicns” led not only to establishment
~of an abundant and varied calcareous fauna but also tc profusion of
siliceous organisms which contributed silica to the sediments. Diagenetic
redistribution of this organic silica resulted in the formation of chert
nodules (p.576).

After a period of colonisation Gigantoproductus disappear.

Although the beds become more coarsely crinoidal failure to compete with
a dense population of large crinoids cannot be the main reason for their

disappearance because the beds without Gigantoproductus in the northwest

are finer and less crinoidal than those with Gigantoproductus in the east

and southeast.
In the coutheast the lowest beds of the Scar Limectone contain

Orbitremites. It is most abundant in the beds capping the uppermosf knolls

of the Cockleshell Limestone but is also seen to the north and east, though is

absent in the south. Both its lateral and vertical distribution is small.

The occurrencé of Orbitremites in certain thin beds which are lithologically

indistinguishable frbm the beds above and beneath suggeste they were only

abundant at certain times or they have been concentrated by current sorting.
North of Grassington the beds with Orbitremites pass southwards

into a brachiopod bivstrome. The brachiopods, still in or near their

position of growth, lived just south of the knolls in the upper part of the

Cockleshell Limestone. |

In the area around Redmire and on the/north side of Plover Hill



accumulation of the lowest beds was followed by development of calcilutite
mounds with trepostouatous and fenestellid bryozoa. After growth to a
height up to a few metres the mounds becawme colonised by abundant
crinoids which grew to a large size. Local thickening associated with
development of these knolls, which are considered to be bioherms (p.354),
is controlled dominantly by in situ accumulation of biogenic carbonate

rather than by accumulation of organic debris by currents.

Disappgarance of Gigantoprpductus in the lower part of the Scar
Limestone is followéd by appearance of abundant trepostone ﬁryoﬁoa in
the area around Bycliffe. They occur throughout a small thickness of
erinoidal calcarenites and do not appear to be associated with knoll
cores.,

In the-northwest and central west where the Scar Limestone is thin
algae are abundant in a well defined horizon at,or just beneath,the top
of the limestone. They occur as oncolites, laminated structures that
grew around a nucieus. Ginsburg (1960) considered the major controls on
the final external form of algal growths are probably stability of the
sediment surface on which growth starts and their strength of attachment .
to it. If the nucleus is fixed the algae grow upward and laterally into
an asymuetric structure. If the nucleus can be overturned or the algal
growth broken loose by wave action or organic acvivity, then lamination
can develop on what was the underside. In this way forms with symmetric
lanination can develop. The algse in the Scar Limestone belong to Logan
et al (1964) atacked spheroids (ss); Many oncolites, especially the
largef ones, show greater vertical than lateral growth, a reature which

cannot be accounted for Ly post-depositional compaction, and are often
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irregular in shape (Plate 11). This asynmetry shovts they were not
continuously rolled around on the sea floor. Althousn perfect symmetry
is rare,some of the smaller oncolites consist of laminae which are more
or less concentric around a nucleus. In order for these symmetric
coatings to have developed the nucleus must have been mobile. However,
evidence of strong current activity is absent. The crinoid-ossicle
calcarenites in vhich the oncolites occur have a micrite matrix. The
lajers in oncolites are defined by a couplet of laminae consisting of a
dark, orgaﬁic-rich lﬁmina and a liéht carbonate-rich laﬁina (Miiliman,
.1974). Black (1933) offered three possible explanations for the laminae,
'rhythmic variations in filament growth with relation to sedimentation,
alternation of algal species and sedimentary lamination of mineral
particles. Ginsburg (1960) considered the first alternative most likely
and subsequent studies have substantiated this (Millinan, 1974). In
places algae persist to the top of the Scar Limestone but more commonly
they disappear before carbonate accunulation ceased.

The intense bioturbation of the top of the Scar Limestone, even
where it is directly overlain by carbonate, probably reflects a temporary
reduction or halt in deposition after its accumulation.  Where 6verlain

by shale the bioturbated top is pyritic and weathers red.
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THE UNDERSE? LINESTONE.
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THE UNDERSET LIMESLONE.

SUMMARY .

The Undercet Limestoneis present over all the arca studied
except the southern part of the Askrigg Block. In the Barnard Castle
Trough it is only 3.65m thick around Bowes but it thickens southwards to
10m in the vicinity of the Stockdale Fault and eastwards to nearly 20m
northeast of Richmond. On the Askrigg Block a maXimur thickness of
BOﬁ is seen at Bishopdale Head'and it is more vhan 15n thick on Abbotside,
Askripge and Muker Commons, Wether Fell, in the resion bhetween Bishcpdale
and Cragdale and on the north slope of Whernside. Its thickness
varies locally, the thicker developments occurring where bioherms swell
the Linestone. The Liuestone thins away from these areas but is rarely
less than >m thick except in the south where it eventually fails. Its
absence over the southern part of the Askrigg Block results fron non-
accunulation except in the area just south of Argram and Scar House
Reserveirs vhere its feather edge huas been removed by intra-El rosion.

The Underset Limestone rests on a pavement of sandstone in the
central-southern and castern parts of *the Barnard Castle Trough but
shale in the north and west. On the Askrisg Block it overlies sandstone
over most of the nortﬁern, central and western areas except in the north-
west where it rests on shale. To the south it sometimes rests on shale
but over most of this region and in an area encompassing Penbill and
part of Lower Coverdale chert overlies the shale and fofms the pavement.
The chert Io medium to dark grey, laminated, fissile, variably. calcareous
and shaly and has a characberistic fauna of fenestellid bryozoa, small -

brachiopeds and pelecypods. It is thickest at the heads of Nidderdale,
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Coverdale, ¥Waldendale and Bishopdale rezching a maximum of nearly 3m.
The lowest bzia of the Underset Limestone are nedium to very
thick bedded, dark to medium grey criroid--oscicle calearenites with

a fauna of small brachiopcds, dominantly Eomarginifera. Where they

-overlie the sandstone they are often doloumitised.

A coral biostrome is developed in the lower part of the Limestone
- except in the eastern part cf the ﬁarnard Castle Trough and over the
southern and eaﬁterh Askrige Block. Over most of the crea énly a single
cofai bed is seen ZOcmkto 75cm thick and 5Ccr to 4.lmyabove the base of
the Limestone but in unper Garsdale and partsof Mallerstang and over the
northern central prart of the Askrigeg Block up to four coral beds are
developed, separated by crinoid-ossicle calcarcniteé. The scattered
corals seen between these coral beds at some localities show that a
single but complex biostrome exists rather than several discrete biostromes.

In the Barnard Castle Trough the single coral bed consisis almost

entirely of Clisioohzjlidaeﬁ dominantly Dibunophyvllwa bipartitum (Mchy),

although Divhvphvllum fasciculatunm (Fleming) becomes important in the

~vicinity of the Stockdale Fault. On the Askrigg Block Dinhyphywllum is

LS

comrmon. 1t rarely replaccs Dibunophvilum as the dominant coral where there

is a single coral bed but where the biostrome is complex it is cften the
dominant coral.

Where the coral biostrome is dominated by Clisiophyilidee the

cerals are associated with crinoid debris. The clisiophyilids frequently
lie on their sides, have imperfect outer dicsepimentul zones and appear
to have been rolled on the sea-floor. Where Diphvphvllunm is common the

coral biostrome has a calcilutite matrix with sparse crincid debris and a



fauna of small telotrematous brachiopods. In contrust to the

Clisionhvllidae, Diphyphvllum occurs in its position of growth. The

corals are frequently silicified and chert nodules are comion in or
near the biostione.

Above the coral biostrome the Underset Lirmestcne consists
dominantly of medium to very thick bedded crirnoid-cssicle calcarenites
" with scattered chert nodules, abundant bryozoai: :zbriz and cecasientl

Gigantoproductus. Loecally the calcarenites cocrsen and pass laterally

into bioherms which swell.thc liﬁestone thickness.

Bioherms occur over all except the southern and eastern areas
on fhe Askrigg Block and are best developed over the central ares.
They are also present in the southeastern nert of the Barnard Castle
Trough. At most localities they appear as uUnbedded lenses of coarse
crinoid-sten calcirudites capped and flarked by thin parted ccarse
‘crinoid~stem calcirudites with degesitional dips of up to 15o but at
others the thin parted coarse crinoid-stex calcirudites cap and flank
bryozoan calcilutite mounds. “The biocherns are discussed on p. 3592,

Corals reappear in number in the upper part of the Underset
Limestone and form a biestrome generally 15cm to Z0em thick,but up to
2.5m thick,in an area encompassing Crackpot, Summer Lodge and Carperby

Moors and iskrigg Common. = It has a fauna of Diphvphyllum fasciculatuc

(Fleming), Divhyphyllum ingens (Hill), Dibunophyllun bipartitum (McCoy)

and Heterophvllia. Most of the corals are silicified and occur in a

calcilutite patrix with associated small telotrematous bhrachiopods.
The upper part of the Underset Limestone is often cherty,

especially where overlain by bedded chert,but on Satron Side and in
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Great Sleddale most of the upper part of the Liuestcone is silicified.
Here the upper beds are medium to dark grey calcilutictes with brirozoa
but only sparse to very sparse , small-sized crinoid debris. They
contain abundant nodulayr and disseminated chert which in places is so
apundant that only sﬁall patches of calcilutite are left surrounded by
ealcareous cherf.

Cver much of the area the Underset Limestone is overlain by
bedéed chert. In the north the chert is separsied from -the Limestcne
by 4m of shale but.the shale thins to the south. It reaches the north-.
west part of the Askrigg Block wheme it is about 1lm thick but fails to
the southeast and i3 absent over the rest of the area. The bedded
cherts above are variable in thicimess. They reach a maximum of about
10n in the central parts Sf the southern Barnard Castle Trough but thin
out and are absent in the northeast. Chert is widely distributed over
the northern part o the Askrigg Block but from Garsdale and Wensleydale
southwards it is developed only locally. The cherts are very thin to
thick bedded, usually medium to dark grey and have a variable carbonate
and clay content. Although some of the cherts are flinty with only a
very minor carbonate component most are at least slightly calcareous,
many are highly colcareous and somc are argillaceous and shaly.. The
cherts often contain shales, usually as thin partings, and occasional

calcilutites. Both are usually at least partly silicified. Diagenetic

redistribution of silica is common in all the cherts but is most evident .

in the calcareous cherts and cherty calcilutites where highly siliceous,
often flinty nodules, irregular arsss or bands occur in a less siliceous

matrix. The fauna of the cherts is variasble and besides crinoid debris
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includes small brachiopods including spinose productids, bryozoa, sponge

spicules and Zoophycos.
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THE UNDERSET LIMESTONH.

The Underset Limestone on the Askrigyg Block ic recorded first
in the literature as the Four Fathom Limestone (Sedgwick, 1635) the
nane introduced by Westgarth Forster (1809), and still used to-day, for
the same limestone on the Alston Elock. Phillips (1836) called it the

'ﬁnderset Limestone, a name adopted by the Geological Survey during
mapping of the Askrigg Block (Ingleborough Memoir, 1890; Mallerstang
Memoir, 1891). In the southern part of the Bariard Castle Trough it is
usually referred to as the Underset Limestone (Hallerstang_Menoir, 1891;
Appleby Memoir, 1897; Miller and Turner, 1931; Wells, 195%) although
Turner (1935) and Reading (1957) call it the Four Fathom Limestone.

Sedgwick (1835) noticed that the Underset Limestone varies
locally, as well as regionally, in thickness and that the thicker
developments octur when coarse crinoid debiis is abundant. He also
recognised development of chert in places above the Limestone which
later became known as the Underset Chert (Mallerstang Memoir, 1831).

sedgwick (1€35) thought that on Ingleborough and Penyghent the
_Four Fathom (Uﬁderset) and Twelve Fathom (Hain) Limestones were fused but
Phillips (i836) recorded the Underset Limestone absent over the southern
pairt of the askrigg Block and realised that this resulted from non-
depcsition. This was coumented on again by Dakyns in 1891 and 1892.

In the late 1800's Orficers of the Geological Survey mapped
much of the Askrigg Block and descriptions of the geology including the
Underset Limestone are given in the Ingleborough Memoir (1890) and
Mallerstang Memoir (1891). Later Tonks (1925) described the succession

in Nidderdale but misidentified the Underset Limestone as the upper
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leaf of the Five Yaid Limestone. Subscquently the Main Limestone at
Coverhead was misidentified as the Underset Limestone by Chubb and
Hudson (1925) and the true Underset Limestone referred to erroneously
as the Three Yard Limestone. This correlation was later corrected by
Hudson (1933) without explanatioﬁ.

In 1931 Miller and Turner recorded the Underset Limestone in
" the area adjacent to the Dent Fault’and ﬁapping of the Stainmore
Syncline (Readirg, 1957), the Middleton Tyas-Sleightholme anticline
(Wells, 1955), Wensleydale and adjacent areas (Moore, 1958), the
western part of the Askrigg Block (Hicks, 1959), and Coverdale and
adjacent areas (Wilson, 1960) documented the Limestone in these regions.

The coral biostrcome in the lower part of the Underset Limestone,
mentioned by many authors, was specifically commented on by Turner
(1954) who showed its distribution over part of the Askrigg Block and

Barnard Castle Trough.



THL ULDERSET LIMESTONE.

DETAILS.
To facilitate description of the Underset Limestone the area
studied has been divided into six regions, Swaledale and the northeast,
.Garsdale and the norihwest, Dentdale and the southwest, Wensleydale
(and its tributary dales), Wharfedgle (and its tributary dales) and

A Nidderdale and the southeast. These areas are shown in Fig. 37.

Swaledale and the northeast.

The Unders2t Limestone crops out arowui the sides of Swaledale
and its tritutary dales from West Stonesdale (NY 885015) and Stockdale
(SD 865980) in the west to near Richmond (NZ 160009) in the east and in
a small inlier in Creat Sleddale (SD 837993) . Qutcrop is good in
upper Swaledale but it deteriorates farther down the dale., Northeast
of Swaledale the Limestone can be traced around both flanks of the
Middleton Tyvas-Sleightholme anticline from Gilmonby (NY 99313%0) in the
northwest to Middletor Tvas (NZ 228058) in the southeast but exposures
are sparse except in the south and east.

In the Middleton Tyas-Sleightholme anticline the Underset
Limestone crops out best in the east. It is exposed in several small
quarries west of Helsonby. In Low.Grange Quarry (NZ 186087), 1.3km
west of Ilelsonby, the Underset Limestone is at least 13.5m thick but its
base is not exposed. The lcwest 7.5m seen are thick to very thick
bedded, light grey crinoidal calcarenites. They coarsen upwards and
pass into ém of light grey crinoid-stem calcirudites with dépositional
dips of up to 15° and scattered chert nodules. In High Grange Quarry

(NZ 168080) 650m farther south, 6.8m of thin to very thick bedded
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“ Fig. 37. Areas used for description of Underset Limestone.
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crinoid-ossicle calcarcnites, dark grey‘in the lower part but beconing
light grey above, rest on gannister. The lowest 1n 1s intensely
dolomitised and weathers orange-brown. A thin tabular chert

as3ociated with rare Clisiophvllidae is seen 1.75m above the base.

The roadside quarry (N2 197032) 200m south of Melsonby exposes
6.Tn of medium to thick hedded crinoid-ossicle calcarenites overlain
" by 2.4n of crinoid-stem calcirudites with depositional dips. Patchily
'siiicified crinoid-stem calecirudites in the upper part of the Limestone
also crop oﬁt by the roadside and in the back for 400m east of Melsonby.

The most extensive exposures in this region are in Barton
Quarries, 2kn east of Melsorby. In Barton 0ld Quarry (V2 211081) 4.5m
of medium to light grey, medium to very thick bedded cerinoidal
calcarenites in the lower part of the Underset Limestone are exposed.
The upper beds are seen in Barton Quarries (NZ 216083) to the east
where 13m of light grey crinoid-stem calcirudites with depositional
dips up to 15o are visible. They contain crinoid-stems up to 25cm in

.length, spirifers and productids, . including Gigantoproductus. Chert

nodules and irregular silicified patches are common.

In Low Merrybent Farm Quarry (NZ 216083), lkm south of 0ld
Barton Quarry, 12.3m of the Underset Limestone is seen but its base is
not exposed. Coarse calcarenites, 2.9m thick and very ccarse in the
upper part,are overlain by 9.4m of crinoid-stem calcirudites. The upper
beds contain sca£tered chert nodules gnd a thin nodular chert 9.35m
-above the base. A similar section in Kneeton Hall Quarry (NZ 214072),
0.75km to the south,shows 10.5m of the Underset Limestone. The lowest

3.75m are thick to very thick bedded crinoid-ossicle calcarenites,
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overlain by light grey crinoid-stem calcirudites waith depositional dips.
A localised biostrome 20cm thick with Aulophyllum oczurs about 6.5m
above the base of the section in the southeastern part of ihe quarry.

Between Kneeton and Middleton-Tyas there are several small out-
crops of crinoid-ossicle calcarenites and crinoid-stem calcirudites but
the best exposures are around Middleton Tyas. At Leyberry Plantation
(NZ 232059) 15m of coarse crinoidal calcarenites and crinoid-stem

_caléirudites with aepositional dips are overlain by dgrk'grey chert

and at Lamberry Bani Plantation (NZ 230057) 10.5m of similar limestoﬁes
are exposed. An excellent section in Black Scar Quarry (NZ 231052)
slightly farther south shows 10.85m of limestone overlain by chert.

The lowest 1.85m are coarée crinoidal calcarenites which coarsen upwards
and pass into Sm of lenticular bedded, light to medium grey crinoid-

stem calcirudites with depositionsl dips. The calcirudites becone
cherty in the upper part and contain Hyalostelis spicules and productids.
They are overlain by 3.25m of dark grey variably calcareous chert with
thin interbedded shales. In the southern part of the quarry a shale

1mn thick, which thins out to the ncrth, separates the Underset Limestone
from the overlying chert. To the west at "The Rock" (NZ 200047) in
Sedbury Park 11.6m of lenticular bedded, 1ight grey crinoidal calcarenites
and calcirudites are exposed.

On the squthwest limb of the Middleton Tyvas-Sleightholme
anticline the Underset Limestone is exposed in Skeeby Quarry (NZ 200027)
and Oliver Quarry (N& 183029) where Tm and 4.4m of crinoid-ossicle
calcarenites are seen. They contain scattered chert nodules and at

Olivers Quarry are patchily dolomitised. Farther northwest in the
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roadside quarry at (NZ 162035) 5.5m of crinoid-ossicle calcarenites are
exposed and in Sturdy House Quarry (NZ 135051) 4.6m of similar beds
outcrop. The old quarry (NZ 115055) lkm south of Pace's House shows
3m of crinoid-ossicle calcarenites beneath chert and the small quarry
at (NZ 106103) expcses 4.85m of crinoid-ossicle calcaronites.

A good, although incomplete, section is seen in the River |
.Greta at Gilmonby Bridge (NZ 9951%3). Here the Underset Limestone is
a medium to thick bedded,medium grey, sparse crinoid-ossicle calcarenite
3.65m thick,underlain and overlain by shale. Above the Limestone 1.5m
of shale cutecrops but only the lowest 60cm is well exposed. A 7.6m gap,

probably mostly in shale. follows,overlain by at least 3.85um of thin to

thick parted, variably calcarcous, dark grey, bedded chert.

Soutl of the Middletcn Tyas-Sleightholme anticline in Clapgate
Beck (NZ 112017), 1.3km northwest of Marcke, the Underset Limestone is
a nedium grey calcarenite at least 3.6m thick. 'The lowest beds are
dolomitised and rest on a thin shale above sandstore. The highest
beds are ceparated by a gap of 1l.2n from 3.55m of variably calecareous,
thin~parted cherts. The calcareous cherts are sholy at the base and
contain nedular diagenetic segresgations of silica parallel to the bedding
in the upper 1l.2m.

To the east at the small quarry (¥2 091025) 0.5kn north of
Orgate, fm of crinoid-ossicle calcarenites underlie chert but on the
opposite side of Marske Beck at Telfit Bank (IZ 084024) a better section
shows the Underset Limestone to be at least 7m thick. It coarsens from
a nediun grey crinoid-ossicle calcarenite in the lowest 1m intq crinoid-

stem calcirudites with numerous chert nodules in the upper part and is
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overlain by 1.65m of chert. The lowest 35cm of che:t is dark gréy and
flinty with large criroid stems at the base and overlain by %0cm of
highly calcarsous chert,then 40cm of flinty chert. About 2km farther
‘north at Buzzard Scar (NZ 086042) and et the Scar (NZ 085046) 75m south
of Waitgate the Underset Limestone overlies sandstone and is. overlain by
chert but the sections are slipped. The best outcrop in this area in
Rake Beck (NZ 079057), neaer Rake Gate, shows 7.5n of medium to thick
bedd=d, medium grey crinoid-ossicle calcarenites, dolomi®ised in the
lower part and chertiried at the top. A coral biostrome 20§m thick with

Clisiophvllidae, dominantly Dibunophyllum,occurs 2.3m above the base,

Dark to light grey, variably calcareous cherts, shaly cherts and cherty
shales at least 3.75m thick overlie the Limestone. They contain small
brachiopods including spinose productids, brachiopod spines, sponge
sricules and oo pﬁ;vcos .

Along Fremington Edge on the east side of Arkengarthdale there
are man& good sections in the Underset Limestcne, a medium grey, mediﬁm
to very thick bedded, crinoid-ossicle calcarenite. In the southeast

(SE 059991) it is at least 9.7%5m thick and coarse with crinoid stems of

- rudite size. A coral biostrome 20cm thick with Dibunophvllum and

Gigantoproductus is seen 1.65m above the lcwest outcrcp but the base of

the Limestone is not exposed. The Underset Limestone thins northwest-
wards to 7.1lm at (SE 053996) where the lowest beds, which rest . on
sandstone, are dolomitised and weather orange-brown. Above these beds

Dibunophvllum forms a biostrome *0cm thick 1.85m above the base. The

Linestone is overlain by at least 2.65m of flinty, calcareous and shaly

chert. Several outcrops of limestone and chert occur between this
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outcrop and the section at (WZ 036011) where the cherts ahove the Limestone
are well exposed (Plate 14 ). Here an 85cm gap separates ncn-chertified
calcarenites from 75cm of chertified crinoid-stem calcirudites with
stems up to 2cm in diameter, overlain by 4.6m of dark grey, very thin to

- thick parted, variably calcareous cherts. Poor to well defined,extremely
siliceous diagenetic segregations form nodules elongated parallel to the
bedding in the highly calcareous cherts whilst the less:calcareous cherts
coémonly contair dark grey, slightly bluish, intensely silicified
horizons_(Plates 14 and 15). Many similar sections are seen along
Freminéton Edge as at (NZ 035013) where Sm of chert is exposed above the
Underset.Limestone. The excellent section at (NZ 032016, Plate 16)

~ shows 5.85m of Underset Limestone(resting on sandstone)with the

Dibunophyllum biostrome 20cm to 30cm thick 2.05m above its base. The
lowest 1.5m is intensely dolomitised and weathers orangé-brown. A gapof
35cm separates the Limestone from 7.65m of variably calcareous chert.
The Limestone thins to 4.935m at the northwest end of Frewington Edge

(NZ 026022) where the lower 1.35nm is patchily dolomitised ébove the

sandstone pavement and the coral biostrome, 20cm to 25cm thick with

abundant Dibunophvllum,is seen l.7m above the base. Cherts,9.25m thick,
overlie the Limestcne. They are variably calcareous and very thin to
very thick parted with very thin to thick interbedded shaly cherts in the
middle.

On the west side of Arkengarthdale exposure is poor. In Little
Punchard Gill (NY 966044), 3.5m of calcarenite is overlain by at least
3.C5m of variably calcareous cherts and farther south, in Reeth Low

Moor Quarries (NZ 012008), 3.85m of calcarenite outcrops beneath 3.5m
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Plate 14. The Underset Chert, Fremington Edge (NZ 036011), Arkengarthdale.
Variably calcareous cherts, the darkest parts being the least

calcareous.

Plate 15. The Underset Chert, Fremington Edge (NZ G36011) Arkengarthdale.
Highly calcarcous chert with chert nodules overlain by darker

less calcarecus chert.
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Platec 16, The Underset Limestone and Chert, Fremington Edge (NZ 032016)
| Arkengarthdale.
The Underset Limestone, its base brown ard dolomitised, overlies

sandstone and i$ overlain by bluish-grey chert.
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of calcareous cherts.
On the east side of Gunnerside Gill the Underse* Limestone foms
Whin Hall Scar (SD 953992) and Low Scar (SD 949987). The coral biostrome

45cm thick, with Dibunophvllum and a thin nodular chert above, is the

lowest bed exposed. The Underset Limestone is at least 6.2m thick and
has a checrty top. A thin shale separates it from 5.8m of variably
calcareous cherts and cherty calcilutites above.

In Gunnerside Gill the outcrop of the Underset Limegtone is
repeated by faulting and sections are seen at (NY 939016) and (NY 937020).
The first locality shows it to be a medium grey, medium to thick bedded
calcarenite 8.5m thick with the coral biostrome 2.3m above its base.

‘The biostrome is 40cm thick and contains both Dibunophvllum and

Dipgxphvllum. Chert overlies the Limestone here but it is seen better
farther upstrean (NY 937020) where the Limestone is also 8.5m thick énd
overlies a thin shale resting on a gannister. The coral biostrore is
similar in position and thickness but,in addition,a Single colony of
Diphyphvllum was recorded 50cm beneath. The cherty top of the Underset
Linestone is separated by Scm of shale from 60cm of calecareous chert
with Zoophycos,overlain by 1m of shale. A further 80cm of shale and
shaly chert succeed the overlying l.2m of dark grey calcareous chert.
Above 3.6T1 of variably calcareous cherts are expésed, capped by 50cnm
of very calcareous chert with small highly siliceous nodules.

West of Gunnerside Gill the Limestone is exposed at Low Kisdon
(SD 9290983) and around Ivelet Side (SD 91%985). At Low Kisdon, the
best exposure, it is 9.8m thick, rests on sandstone and is overlain by
at least 6.7%m of poorly exposed calcareous cherts. The coral.biostrome

is 2m above the base of the Limestone and 60cm to TOcm thick with
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" abundant Dibunophyllum and sparse Diphyphyllum.

To the west in East Grain (NY 911011) the Underset Limestone

thins to 7;65m . The lowest 1.65m is dolomitised and rests on gannister.

Dibunophyllum and sparse Diphvphyllum form a biostrome 45cm thick, 2.1m
above ité base. A thin shale separates the Limestone firom 6.25m of
dark grey calcareous cherts which are éplit by 1.75m of shale, 1.9m
~above their base.

On the south side of Swaledale the most eacterly complete
section of the Underset Limestone is in Calfhall Yood (NZ 155007),
southwest of Richrond. Here it is a medium to very thick bedded, mcdiuﬁ
grey, sparse crinoid-ossicle calcarenite 4.55m thick. It rests on sand-
stone and is highly dolomitised at the base but only patchily dolomitised
above. A gep of Pm separates the Limestone from at least 2.7m of medium
to dark grey calcareous chert with small brachiopods and brachiopod
spines. |

To the southwest cn the north slope of High Harker Hill (SE 020977)
it is at least 6.1m thick and of similar lithology but only loose blocks
of variably calcareous chert are seen above. The Limestone thickens
westwards to 13.3m in Summer Lodge Beck (SD 963954) and Croft Beck
(SD 957957) where it also rests on sandstone. The coral biostrome, 25cm

to 55cm thick with Dibunophvllum &nd a few Diphvphvllum, is 2m abeve the

dolomitised basz and overlain by Tm of medium to very thick bedded
calcarenites. Above the calcarenites another coral biostrome 30cn thick

with Diphvphrlium and Heterophyllia and Dibunophvllum in a calecilutite

matrix is seen. The following 3.°m of calcarsnites which become sparsely

crinoidal and cherty in the upper part are overlain by 3.25m of medium
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to thick bedded cherty célcilutiteu. Similaf sections are exposed along
Satron Iow Walls (SD 944769) but although sandstone outcrops beneath the
Linestcne no contact is seen. The lowest 7.75m of the Limestone exposed
is a calcarenite with the coral biostrome 75cm thick at the base con-

taining Dibunophvllim and a few Diphyphvllum. Above these beds a 30cnm

"eoral biostrome with Diphvphvllur, Dibunophyllum and Heterophvllia in a

~ calcilutite matrix is seen, overlain by 75cm of calcilutite, then 4u of
silicified calcilutites. The intensity of silicificasion varies locally
and frecuently irrégular,highly siliceous patches and nodules are
developed in a less silicecus matrix. Crinoid debris in these beds is
sparse or absent although bryozoa are seen. The intense silicification
of the upper teds disappears to the west and is absent in Stony Gill
(5D 924957). ﬁere the coral biostrome, 75cm thick, contains both

Dibunophyllum and Diphvohyllum and is 2.2u above thie base of the Limestone.

It is separated Lty 6.7n of crinoidal calcarenites frcm an upper coral

biostrome T5cm thick with Diphvphyllum and Dibunophyllum in a
caicilutite matrix. Above 1.15m of crinoidal calcilutite is overlain
by calcarenifes 2.5m thick.
Several of the streams draining Muker Comumon expose the Underset
Limestone. In Duckingtub Gill (GD 906966) it is at least 16m thick but
a gap of 85cm separates it rrom underlying sandstone. Two coral beds 10cm

and 15c¢m thick occur 2.55m and 2.85m above the lowest beds exposed. The

lower contains Diphyphyllum, a few Diburophyllum and Gigantoproductus
whereas the upper is packed with Diphyphyllum and contains .small

brachiopods but only rare Dibunophyllum. Isolated Diphyvphyllum colonies

occur between the two biostroues. -Excepting the calcilutite wmatrix of
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the coral biostromes, the lower calcarenites coarsen upwards and pass
into 6.3%m of crinoid-stem calcirudites. To the eas® in Greeugseat Beck
(sp 898966) the Underset Liuestone is at least 16.05m thick. The coral

biostrome with Dinhyphvllum and Diburnopnyilum is poorly developed 4.1ln

above the base and overlain by crinoid-ossicle calcarenites with

‘ Gigantorreductus,vwhich coarsen in the upper 2.85m into crinoid-stem

. ealecirudites. The Gill east of Providence Hush (SD £89967) exposes
17.25m of Underset Limestone. The coral biostrome,l5cm thick with

‘Dighxghxllum, a few sparse Dibungphyllum_ahd snall brachiopods in a

calcilutite matrix,is 4.05m above its base. Gigantoproductus is common

just beneath the coral biostrome which is overlain by calcarenites, in
places very coarse,containing érinoid stens of rudite size. The outcrop
of the Underset Linestone is repeated by faulting in Lover Gill.

The most northerly section (SD 880Y63) shows the coral biostirome 30cm

thick with Dibunophyllum resting on Z.3n of calcarenites which are

dolonitised in the lower 40cm. Above the coral biosirome 5.3m of crinoid-
- ossicle calcarenites pass into crinoid-stem calcirudites l.2m thick,
separated from 95cm of similar beds by 2.05m of crinoid-ossicle

calcarenites., The uppernost l.7m are calcarenites which become sparsely
crinoidal and cherty in the upper part. The more southerly section

(sp 881962), although only 200m away, is different in the upper part.
Here the Limestone consists entirely of calecarenites 11.25m thick and is
overlain by 3.75ﬁ of cherty calcilutites and calcarecus cherts.

The outcrops in &liff Side (SD 878965) and at,Cliff Force
(SD 875962) are conparable to the northern and southern Lover (Gill

sections respectively. As in Lover Gill, the Underset Limestone at Cliff
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Side, on the left bank of Clifr Beck, overlies sandstone and is dolomitised
at the base. Two coral beds are seen 2.450 and 2.95m above the base. The
lower is only 10cm thick and consists of scattered Diphvphvllunm whereas

the upper bed is 30cm thick with both Dibunophyllum and rare Diphvphyllum.

Above 5.2m of crinoid-ossicle calcarenites, Ycm of crinoid-s+tem
calcirudites, then 60cm of calcarenite are followed by the uppermdst beds,
crinoid-sten calcirudifes 5.7 thick. Farther upstream at Cliff Force
(SD 875962) a similar succession is seen up to the upper coral bed,which
reaches 50cm in places,but the overlying calcarenite§4.7m thick,are
succeeded by 2.5m of dark grey calcarcous cherts. The crinoid-stem
calcirudites seen at.Cliff Side (SD 878965),125n farther downstream are
absent and the Underset Limestone thins from 15.65m at Cliff Side to
"11.Tm at Ciiff Force.

To the rorthwest in Thwaite Beck (5D 865980) the Underset

Limestone is at least 12.1lm thick. The coial biostrome with Dibunophvllum

is poorly developed about 1.6%m above the base and chert nodules are

scattered throughout the lowest 8.9m of calcarenites. Coarse calcarenites

and crinoid;stem calcirudites 3.2m thick follow separated by a gap of 1l.7m

from at least 95cm of overlying chert, which becomes shaly towards the topn.
Farther northeast at Hooker Mill Scar (SD 894994) the Underset

Linestone, a mediuu grey, medium to very thick bedded calcarenite, thins

to 9.5m and overlies sandstone. The coral biostrome,60cm thick with

Dibunophyllum,is seen 1l.%m above its base. The ftop of the Limestone is

cherty and overlain by 7m of variably calcareous chert.
In Grest Sleddale Beck (SD 837993) the Underset Limestone is also

a calcarenite. It varies between 8.5m and 9.25nm in thickness becsasuse
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its Top is overlain and eroded by & channel sandstone. The lower part

of the outcrop 'is poor but Dibunophyllum is scen near the base of the

section. Gigantoproductus is scattered throughout the Limestone which

is silicified in the upper part and contains large irregular nodules and

stringers'of dark grey chert.

Garsdale and the rorthwest.

In this arca the Underset Limestone can be traced around the
flanks of Nine Standards Rigg, aleng the east side of Mallerstang and
into Wensleydale. West of Mallerstang it crops cut on the flanks of
Little Fell, Wild Boar Fell, Swarth Fell and Baugh Fell. Exposure is
moderately good except in the vicinity of the Dent Fault where it is
poor.

Tn Faraday Gill (NY 811069), which drains Nine Standaids Rigg,
a gap of 1.55m separates the Underset Limestone from underlying sandstone.
Above the gap 4.3m of calcarenites outcrop with the coral biostrome

80cm thick snd containing Dibunophyllum 30cm above the base. About

4.05m of shale separates the Limettone from 4.5m of cverlying chert
which is thin parted, dark grey and calcarecus with small brachivpods
including spinose rroductids.

Farther south in Far Cotes Gill (5D T773969), on the east side of
fallerstang.the Underset Limestone rests on shalé. It is a medium to
very thick bedded calcarenite 10.2m thick with three coral beds 15cm,

%0cm and 7em thick, 2.7m, 3.25m and 3.7m above the base. The lowest

coral bed consists of numerous Dibunophyllum and scattered Diphyphyvllum

in a caleilutite matrix with shell and crinoid debris whereas the twe

coral beds abové contain abundant Diphyphvllum and a few Diburophylium
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but only sparse bioclastic debris. Saccaninopsig is comwmon in the two

upper coral beds and rare Gigantovroductus is also seen. Chert nodules

occur throughout the Limestone but are best developed in and above the

~coral beds; The top of the Limestone is silicified and overlain by &
scree qf éhaly chert and cherty shale for l.3m,followed by 80cn of dark

gfey chert of which the lover 30cn is thin parted.

| To the west in Needlehouse Gill (SD 738973) the Undesrset Limestore
rests on sandstuone. The lowest caicarenites cortain a single coral hed

10ecm thicit, with Dibunophyllum, a few Diphiphvllum and chert nodules

2.7 above the base. The coral bed is overlain by 6.6m.cf crinoid-
sticle caicarenites.which coarsen upwards and poss into 3.3m of silicifizd
crinoid-sterr calcirudites. A gap of 2.75m separates these beds from

80cm of dark grey chert. The calcirudites ar: absent in Rawthey Gill

(SD 787956) and Slate Gill (SD 733960) 1.5km ferther south. Here the
Underset ILimestons rests on sandstone and is a medium to very thick bedZed,
medium grey, crinoid-ossicle calcarenite 6.7m and 6.55m thick respectively.
In Rawthey Cill (SD 737956) the coral biostrome, with numerous large

Dibunophyllum and rare Diphyphyllum, is 50cm thick and 1.65m above the

base but scatiered corals are seen both below and above. In Slate Gill
the biostrome is l.4m above the base of the Linestone and 60cnr thick with

nurierous Dibunophyllua and Saccaminopsis. At both localities chert

nodules are comnon in and near the biostrome. The upper part of the
Limestone is chérty and dolomitised and,in Rawthey Gill,separated from 2m
of medium to thiclk bedded,dark grey calcereous chert by lm of shale. In
Slate Gill 2.25m of similar chefts exposed are scparated from the Limestone

by a gap.of 1.25nm.
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Farther south blocks of Underset Limestone in Nor Gill (sD 708942)
and Penny Farm Gill (SD 706932) show it is of similer litholegy with the

coral biostrome containing Dibunophylluz and Diphyphyllum but the best

sections are seen to the southeast along the north side of Garsdale.
In Swarth Gill (SD 731909) the Underset Limestone rests on
sandstonc and consists of 6.85n of mediun to very thick bedded crinoid-

ossicle calecarenites. The coral biostrome with Dibhuncphyllum and

Diphyphyllum is 60cnm thick and 1.1m above the base. Beth nodular and

disserinated chert is common throughout, especially in the upper part.
Farther east the Underset Limestone foms two mounds at Grecnseat
(SD 748905) and Garth Gill Head (SD 763913) but its base is not seen.
At Greenseat the lowest calcarenites contain, in additicn to

Gigantoproductus and chert nodules, two coral beds 25c¢m and 30cn thick

probably about 1.352 and 2.50r above the base of the Limestone. Although

Dibunophvlium and Diphyphvllum occur in both coral beds, Dibunovhyilun

is more common in the lower whereas the upper is dominated by Diphyphyllum.

Above,2n of crinoid-sien calcarenites and calcirudites with chert nodules
outcrop. The total thiclmess of the Underset Limestone is only about 5m.
Just west of the mound in Greenside Quarry (SD 746905) at least lm of
dark grey, thin parted, calcareous chert overlies the Limestone with loose
blocks of dark grey calcareous cherts above,

At Garth Gill Head (SD 763913) the Underset Limestone is about
9.45m. Here a spring , 1l.6m beneath the lowest outcrop, probably marks

its base. A lower coral bed 10cm thick with numerous Dibunophyilum and

cornon Diphyphyllun is seen 55cm above the lowest outerop. This is

separated by 25cn of calcarenite from an upper coral bed 25cm thick with
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Dibunophyllum and Liphvphvllum overlain by 6.7u of thin narted crinoid-

stem calcarenites anud calcirudites. Scattered chert nodules are seen

throughout the succession but are especially common near the coral beds.
Crinoid-stem.calcarenites and calcirudites disappear to the east

" and in Grisedale (SD 760938) the Underset Limestone is a sparse calcarenite

at léast T7.6m thick. Its base is not exposed but four coral beds 15cm,

25cnm, 30cm énd 20cm thick are seen, 60cnm, 1.05m, 1.55m and 2.35n above

the IOWest_outcrpp respeciively. The lowest contains Diphyphyllur and

small brachiopods in a calcilutite matrix whereas éhose above éontain

both Dibunophvilun and Diphvphyllium. Scattered Dibunophvllum and

Diphyphyllum also occur just above the uppermest binstrome and

Gigantoprcductus is seen in the lower beds. The Limestone contains
scattered chert nodules and has a cherty top. On the opposite side of
Grisedale ir Flust Gill (SD 770942) 4.1m of the Underse:i Limesione is

exposed above sandstone. Dibunophyilum is scattered throughout the

lowest beds but two coral bheds, one 20cm thick with Dibunophyllur and

one 25cm thiclk with Dibunophrllum and Diphvvhyllum,are seen 2.1n and

2.8t above the base respectively.

Dentdale and the southwest.

In this region the Underset Limestoﬁe is confined to the higher
ground. It crops cut around the flanks of Rise Hill, Widdale Fell,
Whernside, Crag Hill, Great Coombe, Green Hill and on the north clope
of Park Fell but is absent on Ingleborough farther south. Small outliers
are seen at High Pike and Blea Moor. The outcrops at Gaylé Wolds, west
of Canm End, are also included in this area.

On the north side of Dentdale the Underset Limestone forms



- 223 -

mounds at Aye Gill i*%id (SD 743¢78) and Thorn Wold (SD 749880). At
Aye Gill Wold it is zbout 11.5n thick but the lowest beda are not
exposed and exposure of the upper beds is poor. A 30cm coral bed with

Dibunophyllum and Diphyphyllum, probably sbout 1.7m to 2.3m above the

fbasé of the ILimestone, overlies the lowest 10cm of calcarenites seen.

It is ofcrlain by a thin nodular éhert end criroid-ossicle and crinoid-
' stem calcarenites and calcirudites of which only the lowest 3.3m are
well exposed. The feature fofmed by the Limestone shows it to thin to
the west and east but to thicken again 0.75km to the northwest into =
small mound on Thorn Wold (SD 749880). Here a 1.5n gap separates the
iowest beds exposed from the underlying sandstone. The coral biostrome,
25cm thick, is 60cm above the lowest calcarenitcs cxposed and contains

Dibunophyllum, Diphvphyllum in places and small brachiopods. It is

_overlain by 2.65m of crinoidal calcarenites and crinoid-sten caleirudites.
Thin ncdular cherts rest cn top of, and occur 20cm beneath, the coral
biostrbme. East of Thorn Wold, cround the east end of Rise Hill, the
feature formed by the Underset ILimestone disappears.

On the southwest end of Widdale Fell, the Underset Limestone is
exposed in Kel Beck (SD 775870). It is a medium to thick bedded, mediun
grey crinoid-ossicle calcarenite 9.95m thick and rests on sandstone. Its
cherty top is overlain by at léast 2.6 of thin-parted calcarecus cherts
and cherty calcilutites with small brachiopods and fenestellid hryouoa.

To the southéast, vest of Cam End, the Underset Lirestone is
exposed at Gayle Wolds. The coral biostrome is about 80cm above the basec
of the Limestone and 40cm thick with Dibunophyllum,and a thin nodular

chert above. The Limestone rests on shaly chert and is a calcarenite at
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least 9.7a thick with scattered chert nodules.

" In the southuvest, on the west side of Barbor Mell (SD 68683%3) the
Underset Limestone swells locally in thickness to over 15m and.fonms
a ound. The base of the Limestone is not exposed but the coral
biostrome appears absent. The Limestone coarsens upwards from crinoid-

ossicle calcarenites in the lower part into crinoid-stem calcarenites

- and calcirudites.
The Undcrset Limestone is also locally thick a% Binks (SD 709836)

about 2km farther cast but its base is not exposed. Gigantooproductus is

common about 2m to 3m above its base but the coral biostrome appeers
absent. The lower beds, crinoid-ossicle calcarenites, coarsen upwards
and pass immycalcirudites with large crinoid—stems which occasionally
show a sub-parallel orientation. The calcirudites are chertified in
the upper part with thin ,highly chertified bands évery 20cm in the upper
1.8m. Above,4Q0cz of chert with abundant crinoid-stemsis overlain by
1.2m ofidark grey flinty chert with occasional small lenses of cxinoid
debris, followed by 55cm of dark grey calcareous chert with spirifers,
productids and bryozoa. The uppermost bed, a highly calcareous chert
%5cm thick,is overlain by shale. From here the Underset Limestone thins
to about 8.5m at Little Binks (SD 706832) only O.5kn to the southwest
whére lower calcarenites coarsen upwards into crinoid-sten calcirudites
overlain by chert.

Although'absent at Binks, the coral biostrome is up to 4Cecm thick

at High Pike (SD 717826), 1.3k to the southeast. It is about 80iem s:ove

the base of crinoidal calcarenites with bryozoa and contains Dibunophyllur,

Diphyphyllun ard rare Syringopora.



The Underset Lirestone thickens northeastwards to over 16m on
the north slones of Whernside. The lowect beds are expcsed ahove come
of the small springs which issue from the base of the Limestone. They
are crinoid-ossicle calcarenites with bryozoa and the coral biostrome
Im to 1.351 above their base., The biostrome is 25cm thick and contains

both Dibunonlwllum and Diphvphyllum.  The upper beds are thin parted

" crinoid-sten calcarenites and calcirudites. They are especially coarse
and thickest ot each c¢nd of Great YWold where the top of the Limestoue is
mounded and déposifional dips of up to 15b are seen. The mounds are up

to 250m in diaueter, although usually less than 200n,and clese together,
They swell the thickness of the Limestcne froan a mimimum of about 6.6

in the centre of Great Wold to at least 15.2m in the west gnd.16.1m.in the
east. Unfortunately the middle of the section is not well exposed but

the walls nearby contain many blocks of calcilutite with trepostorie and
some fenestellid bryozoa, identical in lithology to mound cores elsewhere
(p.352). As the walling stones certainly come from the Underset Limestone

it scems likely that the crinoid-sten calcarenites and calcirudites are

cored by bryozoan ¢ t® wounds.

South of Great Wold the Underset Limestone thins rapidly teo only
Zm in Force Gill (SD 751824) where it is a medium grey, thick bedded
crinoid-~ossicle calcarenite. It rests on sandstone and has two {abular

cherts 2lcm and 12cm thick with very irregsular lower margins,45cm and 55cm

above its base. The coral biostrome,45cn thick with Dibunophyllum, ocours

85cm above the base. The top of the Underset Limestone is burrowed.
Further thinning occurs to the scuth and at Coombe Scar (SD 781796)

and Two Gills Foot (SD 729793) it is 2.35m thick. At both localities it
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is a very thick bedded, medium grey, crinoid-ossicle calcarenite but
at Coombe Scar it rests on sandstone whereas in Two Gills Foot it overlies
shale. At Two Gills Foot two thin cherty horizons are seen, 50cm and 70znm

above the base and a coral bed 15cm thick with Dibﬁnqphvllum‘occurs 1m

above the base.
South of Whernside the Underset Limestone crops out only om Park
| Fell ﬁhere it is poorly expcsed but seen best on Fell Close (SD 765773).
The badly weathered ocutcrop shows an orange-brown decalcified limestone, less
than lm thick’'and : with spirifers,overlying shale. It thins out completely

to the south and on Ingleborough is absent.

Wensleydale.

In this region the Underset Limestone crops out on both sides of
Venslevdale from the head of the dale to just east of Middleham where it
disappears beneath the valley flocr. Iis noithern outcrop is generaily
parallel to the River Ure except near the head of Wensleydale where it
passes around the sides of Cotterdale and Fossdale. Its southern outcrop
follows the sides of the tributary cales which deeply dissect the south
side ¢f Wensleydale.

On the north side of Wensleydale at the head of the dale the
Underset Limestone is well exposed in Shaws Gill (SD 796948), Johnson
Cill (SD 808939) and Tarn Gill (SD 810934). It is a medium grey,.mediun
to very thick bedded crinocid-ossicle calcarenite, 5.7m, 8.35m and 4.9

thick respectively. The coral biostrome with Dibunophyllua is 35-cm %0

4% cm thick and 1.1m to 1.35m above the base of the Limestone. At all
three localities the top of the Limestone is cherty and overlain by chert.

In Shaws Gill the chert is 6.2n thick with a erinoidal caleilutite 50cn



“thick above. The lower 4m are thin bedded and calcureous whereas the
upper.part is flinty. In Johnson Gill 1.65m of highly siliceous chert,
then a similar thicknecs of calcareous chert with scattered crinoid-
ossicles are seen and in Tarn Gill S.Sﬁ of thin parted,variably calcareous
~ cherts ovérlie the Limestone.

' In Cotterdale the Underset Limestone is of similar lithology

'.and also overlies sandstone. It is 6.05m thick in Benton Gill(SD 822952)

and 7.6 thick in West Gill (SD 822956) with Ditunophyllum scattered

l.5m tb 2.4m above the base. A nodular chert up to 10cm thick is
associated with the corals and the upper part of the Limestone is cherty.
The overlying cherts are calcareous and fissile in the lower part but
flinty and blocky above. They are seen best in West Gill vhere they are
2.8m thick and overlain by lm of calcilutite with Zoophycos. East of
Cotterdale the poor exposures in Fossdale (SD 865936, SD 864937 )  show
the Underset Limestone thickens to about 9m.  The coral biostrome with

Dibungphyllumvis seen above the base but there is no sign of chert abeove

the Limestonc.
On the south side of Stags Fell the Underset Linmestone is & crincid-
ossicle calcarcnite which coarsens upwards. At Low Clint (SD 872925) it

is 12.8n thick with a single bed of Dibunophyllum and/or Diphvphylluny

just above the base in the west but with several coral beds elsewhere.

In most places Dibunophyllum is scattered throughout the lowest part of

the Limestone but also forms two coral beds each 20cm *thick, 1.35nm and
1.8n above the lowest outcrops. A thin nodular chert often marks the

top of the uppermost bed which is overlain by 60cnm of calcarenite with

occasional Gigantoproductus, then two more coral beds 40cm apart, the lower



- 228 -

15ca thick, the upper 1lOcm thick. Both contain Divhyphvllun as the

'dominant coral and sparse Dibunophvllurr.

Between Low Clint (SD 872925) snd Little Fell Clint (SD 891920)

Dibungphyilum and Diphyphyllum are common from 90cm to 2.2m above the

: dolomitised base of the Linestone. Diphyphyllur is dominant in the

lowest 40cm whereas Dibunophvllum is most common above. A thin nodular
chert overlain by 70cm of calcarenite separates these beds from arnother

coral bed, 1lOc: thick, with numerous Diphyphyllurr and a few Dibuncphviluz.

Gigantoproductus and small chert nodules are scatterced throughout the

lowest part of the Limestone.
The Limes:one thickens from at least 1%.5n at Little Fell Clint
to 16.95m at Whitfield Scar (SD 928928)where the lowest 60cn is

dolomitised and overlain by 2m of calcarenites with Dibuncohyllum and

occasicnal Diphyphyllum. Above 4.55m of cdlcarenites with chert nedules

in the upper part are overlain by l.5m of crinoid calcirudites, then 5.8a

bf crinoid—-ossicle calcarenites... A 15cm: thick coral biostrome with

Diphyphyilun in & caleilutite matrix overlies these beds followed by

a further 75cm of calcarenite then crinoid-stem calcarenites 1l.5m thick.
At Ellerkin Scar (SD 962922) the Underset Limestone is oven

thicker; at least 20m in the east and 22m in the west.

In the west Diphyphvllum forms the lowest coral bed which is

10cm thick and 1.6m above the base. The overlying l.7m of calcarenites

contain scattered Dibunophyllum in all but the lowest 45cm and are

overlain by a 25cn thick coral bed with both Diphyphvllum and Dibuno-

phyllum. At the east end of the Scar Dibunophyllun is scattered for

1.8m, 4.25nm above the base of the Limestone)beneath a 15cm thick coral
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bed with Diphyphyllum. Above, the beds coarsen rapidly and pess into

a lenticular development of coarse crinoid=-stem calcarenites and
calcirudites 7m thick. These beds are overlain by 2.45n of calcilutites
with scattered crinoid debris and nodules and stringers of chert, then

T0cm of calcarenite with Dibunophvllum in all but the uppermost 15cnm

and a well developed coral biostrome 15cm %o 40cm thick with Diphyrhylium

and Dibunophyllun in & caleilutite matrix. The overlying 5.7m of calcarenites
beéome very cherty and at the top of the Scar are overlain by at least
In of dark grey bedded chert.
" The Underset Limestone is similar in lithology at Ivy Scar
(SD B7904) and about 17.65m thick. In the east two coral beds arc seen
2.5m and 3.lnm above the base of the Linmestone. The lowef is 20cn thiek

with scattered small Dibunophyllum whilst the upper is 25cm thick and

contains numerous Dibunophyllum and Diphyphyllun. Above, 7.4m of

calcarenites pass into 1.65m of crinoid-stem calcirudites. overlain by

3.45n of sparse calcarenites packed with Dibunophyliun and Diphvphvllum.
Cheét nodules and stringers bhecore common, although scéttered nodules are
scen throughout the succession. The corals die out in the lowest part of
the 2.6m of overlying: calcarenites. The beds, more than 1lln ahove the
base of the Limestone, coarsen towards the west and pass laterally into
crinoid-ster caleirudites.

From Ivy'Scar (SD 987904) the Underset ILdimestone thins eastwards
to about 5.35m at Low Scar (SE 051923), Redmire. Its base is not exposed

but a coral bed 75c¢m thick with Dibunophyllur and very poor Diphyphyllunm

is seen 1.85nm above the lowest exposure. The Limestone is a calcarenite

throughoﬁt except in a bed 35cp thick, 3.295m above the hase, where the
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lower 25cm is a crinoid-stem calcarenite which grades into a crincigd-
.sten calcirudife. Cherts 3.8°m thick overlie the Lip<stone, the lower
1.15m being calcareous, the upper 2.7m flinty.

On tﬁe opposite side of the dale the Limestone is exposed in
the bank of the River Cover east of Hulle Bridge (SE 122865). Here it
ig a very thick bedded, medium grey calcarernite only 3.1m thicl resting
on sandstone. The coral bioétrcme is absent but cherts ares developed
above the Limestone. The lowest 40cm of chert, tliin parted and scnevhat
shaly, is overlain by 15¢m of dark grey calcareous chert, then 1.9m o7
calcareous chert with highly siliceous ncdules and stringers. The
uppermost cherts are about lm thick and dark grey and flinty with traces
of lamination. To the southeast at Elm Gill (SE 094853) 1.1m of very
thin perted calcarsous chert separates the Underset Limestone from the
sandétoné beneath. It is dark grey with a fauna of fenesteliid bryozoa
and small brachiopods and pelecypods. The lowest 8m of the overlying
Limestone are thick to very thick crinoid calcarenites which coarsen
upwards and pass into 45cm of crinoid-stem calcirudite with a cheriy top,
followed by 1.5n of thin parted calcareocus chert, then 1.8m of chertified
crinoid-ossicle and -stem calcarenites and calcirudites. A cherty shale
15cm thick separates these beds from €0cn of blocky laminated chert.

In Fleenis ¢ill (SE ©20821) only the lowest 1.2m of the Underset
Limestone, a patchily dolomitised calcarenite,is exposed above shale but
farther southeas£ cherts are seen again bheneath the Limestone. Thev
sections in West ¢ill (SE 011791) and Downs Gill (SE 006786) expose 60cm
and 55cm of very thin parted calcareous chert with fenestellid bryozoa

and small brachiopods heneath the Underset Linestone, a calcarenite
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3.35m and 2.75m thick respectively, with scattered chert nodules and a
cherty base and top. Farther southeast the cherts thicken to l.ém in
Eést Stone (ill (SD 990772) where they underlie 5.5m of calcarenite.
 In Hazel Bank Gill (SD 991773) 75cm of similar chert is exposed beneath
- 3.Tm of calcarenite.

| On the north fiank of Penhill the Underset Limestone crops out

. near New Plantation (SE 046876) and at Low Dove Scar (SE 034876). At
New Plautation it is about 4m thick. No cherts are seen beneath but
loose blocks occur above the section. At Low Dove Scar 1.2m of very
thin parted, dark grey calcareous chert with a fauna of small productids
and fenestellid bryozoa underlie the Limestone, a calcarenite 8m thick
with scattered.chert nodules. It contains two coral beds, the lower 20cm

thick with a few Dibunophyllum and Gigantoproductus S0cn above the base

and a better developed bed 30cm thick with Dibunophyllum and Diphyphvllunm

2.35m above the base. Above the Limestone l.2m of chert is poorly exposed,
the lowest 60cm being thin parted and calcarecus with Zoophvcos, the uprer
60cm flinty and dolomitised.

A good section is seen at the Waldendale Head where l.4m of very
thin parted, dark grey calcareous cherts are seen beneath the Underset
Limestone. Above,8.4m of medium grey, mediun to very thick bedded,
crinoid-ossicle calcarenites, quite coarse in places and with spirifers
Vand trepostdme bryozoa locally common, are overlain by 3.6m of calcareous
chert.

At the head of Bishopdale the Underset Limestone thickens to
31.%5m at Dale Head Scar (SD 955805). It is a calcarenite in thé lower

part with chert nodules and Gigantoproductus but coarsens upwards into

coarse crinoid-stem calcarenites and calcirudites with spirifers.
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Beneath the Limestone 1.2%n ol chert is exposed above shale.

An even bettef section is seen on the opposite side of the Dale
at Kidatones Scar (SD 946813) where the Limestone is at leayt 20m thick.
The underlying beds, seen best in Cray Gill (SD 940808) by the side or Stake
-Road<(?iﬁte17%are fisgile calcareous cherts 1.9m thick with a faune
of small brachiopods and fenesteliid bryozca. The lowest 3m of the

Underset Linestone are crinoidal calcarenites with a thin nodular chert
50cm to lm above the base. They coarsen above into lenses of unbedded
crinoid-stem calcirudites, commonly 25m but up to 100m in length and 4nm
to 10m thick, capped and flanked by thin parted crinoid-stem calcirudites
and calcarenites with depositional dips of wp to 20" (Plates 18 and 19).

Aburdant spiriferz and occasicnal Gigantopreductus are seen in these

beds,

In Back Gill (SD 944822) 2.95m of calcareous chert, fissile in
the lowest 2.25m,underlicsthe Underset Limestone, here 26.4m thick and
coarsening rapidly from calcarcnitssat the base into crinoid-sten
celcarenites and calecirudites above. At High Scar (SD 956843) neither
the tep nor base of the Limestone is exposed but it is at least 19.1m thick
and similar in lithology to 3Back Gill. The lower 4.7%m, mediuvm to very
vhick bedded and dolomitised at the base, is overlain by lenticular bedded
calcirudites,

. 7o the north the Underset Limestone forms the swinit of
Addlehorough (SD 945882). It is at least 1ld4m thick but the bhase of the
Limestone is not seen. Two to three coral heds each l0cm to 20cm thick

with Diphyphyllum and Dibunophyllum. are seen with chert nodules in the

lowest 4.2m of calcarenites exposed, +the lowest coral bed about 2m above



= 233 -

Plate 17. The Underset Limestone, Cray Gill (SD 940808), Wharfedale.
Thin parted,medium to dark grey. calcareous cherts
underlying lighter weathering , medium to thick bedded
calcarenites at the base of the Underset Limestone.

The upper beds of the Limestone are exposed in the

left background.
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The Underset Limestone, Kidstones Scar (SD 946813),Bishopdale.

Plate 182.
The best exposure showing lenticular bedding in the
niddle and upper parts of the Underset Limestone.
. SaSe e L e S __”..1
Plate 19, The Underset Limestone, Kidstones Scar (SD 946813l Bishopdale.

A lens of unbedded crinoid~stem calcirudite capped and
flanked by thin parted crinoid-stem calcarenites and

calcirudites in the upper part of the Limestone.
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~ the base. The overlying beds bhecome coarser and are c¢rinoid-ossicle and
~-sten célcarenites ard calcirudites with spiriferé and bryozca. Nenr the
.top_of the section smull isolated outcrops of calcilutites with both
fenestellid and trep&stome bryozoa and variable contents of crinoid
" debris are seen which,by comparison with other sections (see beloQ),are
ﬁndoubtedly mound cores.

Hounds are also seen in thé Underset Limestone.on the Haws
(SD 926853) about 3 southwest of Addleborough where they fom small
hillocks. Although not mapped during this study at least 20 mounds can be.
recognised by their topographic expression but all are pcorly exposed.
The most complete section shaws 2.2 of mediun to thick bedded, medium
_grey, crinoid-ossicle calcarenites overlain by 12.4m of medium to light
grey crinoid-stem calcarenites and calcirudites, mediun to thick bedded
in the lower 3.7m but thin parted above. Spirifers are common in the
upper beds.

"At Greenscar (SD 923830), farther south, 9.9m of calcarenites
which coarsen upwards and contain trepostOme bryozoa overlie sandstone.
The lower part of the Limestone is dolomitised and has a 20cm thick coral

bed with Dibunophyllum and small brachiopods S50cm above its base. The

coral bed has a sinilar rosition and fauna in Thornrake Gill (sp 913820)
and thickens to 50cm. Herc the Underset Limestone is at least.16.15m thick
with numerous small brachiopods in the cherty lowest lm. The calcarenites
coarsen above the corgal bed and pass into crinoid-stem calcarenites and
calcirudites with trepostome bryozoa and spirifers.

At the head of Raydale on Wold Bide (8D 883%:29) the Underset

Limestonec is at least 16.25m thick but its base is not exposed. The
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lower beds,exposed in Cutershaw Gill (5D 883827). are calcercnites
dolomitised at the hase and cherty above. They are overlain hy 1l.51 of thin
bedded crinoid-stem calcirudites then l.1m of calcerenites. 4 lens of
bryozoan calcilutite Im thick capped by 3.5m of crinoid-sten calcirudite
“is seen above.‘ The upner beds,exposed elsewhere along Wold Side,,
cbnsist of crinoid-stem calcarenites and caleirudites with trepostome
© bryozoa andvspirifers.
.West\of Raylale,at Scout Crag (SD 878865), the lowest beds scen are

caldarenites with chert nodules and a 20cm thick coral biostrome with

both Dibunovhyllum and a few Diphyphyllum S5cm above their base. The
Underset Limestone is at least 14.E€5m thick and coarsensfrom hedded
crinoid-ossicle calcarenites ' to. erinoid-stem calcirudites in the
upper 3m.

A sinilar upward coarsening succession is seen in Yorburgh -
(sD 887882) farther south where the Underset Limestone is about 18.15m
thick. Its base is not exposed but Diphyphyllun is seen about
2m anove the lowest outcrop. The upper beds are coarse crinoid-stenm
calcarenites and calcirudites with trepostome and fenestellid bryozoa and
spirifers.

On the cpposite side of Sleddale 13.4%n of the Underset Liuestone
c;ops out at Great Scar (SD 851877) on Ten ¥nd. A coral biostrome 20ca
thick with Dibunoghxllgg, small brachiorods and chert rodules is seen
1.2m above the lowest exposure. The lowest béds, calcarenites with a
nodulér chert 1.75n cbove the coral bed, coarsen upwards into erinovid-sten
calecarenites.

At the head of Sleddale in Bank Gill (SD 847845) the Underset
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Limestone is only £.85m thick. It is a thick to very thick bedded
cerincid--ossicle calcarenite and overlies a thin shalzs. A coral bed

S0cm thick with both Dibunophyllum and Diphynhvllum is seen lm above

the base.whereas Diphvphvllum is most abundant in the lower part

DiBunophyllum is dominant above. The tcp of the Limectone is cherty

and overlain by 3.8m of thin-narted,dark grey calcareous cherta, They
are shaly in places and overlsin by 65cm of cherty burrowed calcarenite,
theﬁ 50cm of shaly calcilutite with erinoid denris.

On the west side of Dodd Fell 12m of the Underset Limestone
cutcrops at Bousty Nest Scar (SD 8%1842). 1Its base is not exposed but the

goral bed,with Dibunophyllum and numerous small brachiopods, is 20cm

thick and 65cm above the lowest outcrop. The lower calcarenites contain
a thin nodular chert 30cnm abouve the coral bhed and coarsen upwards into
crinoid-stem calcarenites and -calcirudites. |

To the west the Underset Limestone is at lsast 13.2m thick and
forms the swmit of Snaizeholme Fell. Its base is dolcmitised and rests
on lm of thin-parted, shaly, darlc grey, calcareous chert which, in turm,
overlies sanistone and is best exposed in the southeast (SD 816847), The

lowest calcarenites contain a 20em coral bed vith Dibunophyllum,

Diphvphyllum and small brachiopods l.5m above their base. Srmall brachiopods,
doninantly productids, are common in the calcilutite matrix of the coral

A bed and in the oyerlying 80cm of calcilutite which contains scattered
coralsﬁ The calcarenitesabove coarsen into crinoid-stem calecarenites

and -calcirudites but these pass into calcerenites in the upper part of

the Limestons.

The Limestone thing to the northwes& and in Widdale Foot Gill
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(SD 816887) on the northwect side of Widdale it is a nmedium grey, nediun
to thick bedded calcarenite only 4.2m thick. The coral biostrone with

‘Dibunovhyllum is Squ thick and 1.05m above the lowest cuicrop which is

separated from underlying sandstone by a gap of 80cm. Although there
_ ig no evidence of chert above the Limestone on Snaiceholme Fell, herc
_ 5.25m'of rmedium to thick bedded, dark grey;calcareous chert with flinty
' patéhes is developed. The lower part which contains crinoid debris,

1like the upper part with Zoophyvcos, is highly calcareous.

Wharfedale.

" In this region the Underset Limestone crops out around the sides
of Langstrofhdale and around upper Wharfedale as far south as Park Gili
Beck (8D 990752). It is also seen in upper Littondale but it thing
southwards and is absent on Penyghent and Fountains Fell. Although the
most southerly outcrop of the Underset Limestone is in Park Gill Beck,
Wharfedale, it is recorded farther south in Providence Mine (Phillips,
1836).

The Underset Limestone forms a line of scars alohg the side of
Langstrothdale but the best section is in Deepdale Gill Cﬂ)899815)
vwhere it is at least 17.5m thick and separated from €0cm of underlying
fissile, dark grey, calcareous chert with fenestellids and small brachiopods
bvy a gap of 30cm. . The chert rests on sandstone. The lowest part of the
Limestone consists of nmedium to very thick bedded, mediun grey. crinoid-
" ossicle calcarenites with a thin nodular chert l.4m above their base.
Diphyphy?lum forms a biostrome 20cm thick 1.75m above the lowest outcrop

and Dibunovhvllum is scattered for %0cm beneath, The calcarenites above

the biostrome contain sparse scattered Gigantoproductus and coarsen
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upwards into crinoid-stem calcirudites which constitute most of the
Limestone,

In Littdndale,vsouth of Deepdale, the Underset Limestone is
exposed in Halton Gill (SD 883775). It overliec 65cm of shaly calcareous
chert with irregular lenses of cherty calcilutite underlain by cherty
sandstone and shales. A gap of '1.65m separates the lowest bed of the
" Limestone, %%cn of calcilutite with scattered crincid detris, from 9.9m
of erinoidal calcarenites which coarsen into crinoid-stem calciruditea
in the upper »art. Scuth of Littendale the sections on Penyghent and
Fountains Fell show the Underset_Limestone has thinned out completely
and is ahsent.

The Underset Linmestone also thins scuthwards along the cast side
of Wharfedale from over 30m cn the north slone of Buckden Pike at Dale
Head Scar (Sh 955905; p.231)to only 1.8m in Providence liine (Phillips,
1836; Inglehorough Memoir, 189C; Dakyns 1892; Chubh 1926). This southward
thinning is accompanied by a decrease in size of the cuenstituent crinoid
debris and an increase in catcilutite matrix. Wilson (1960) recorded
5 feet.(l.Sm\) of limestone in Lime Kiln Pasture (SD 983754)
and noted that farther west at Diamond Hill (SD 980753) chert occurs ahove,
and possible hencath, the Limestone which is not exposed. The best
section in this area, and the most southerly outcrop ¢f the Underset
Limestone, is in Park Gill Beck (SD 990752) where at least 80cm of medium
to dérk grey, sparse crinoid-ossicle calcarenite overlies 1.5m of dark
grey calcereous chert with spirifers. A gap of 1.8m separatcs the cherts
from a further 60cm of underlying calcareous chert beneath which is a 3m

gap then the Three Yard Limestone. Although the Underset Linestone is not
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expoced farther south it was recorded in Providence Mine (Phillips, 1836 ;
Ingleborough Memoir, 189%0; Dakyns,1892 ; Chubb, 192¢ ' where it overlies
shale from which Chubb recorded fenestellid bryczoa. As fenestellids

are a characteristic faunal element of the fissile calcareous cherts
underlying the Underset Limestone, their presence in Providence Mine at

this level suggests that the shales are probably cherty.

- Nidderdale and the southeast.
| In this area the Underset Limestone crops out only around Angranm
 Scar House Reservoirs,

Several of the small streams flowing into Angram Reservoir expose
the Underset Limestone. The section in Crook Dyke (SE 026761) shows
4.25m of medium grey, crinoid-ossicle calcarenite overlying medium to
" dark grey, shaly calcareous chert. Another good section is exposed near
the head of Scar House Reservoir (SE 046766) where 2.6m of cherty crinoid-
ossicle calcarenite is underlain and overlain by 2.6m and 1l.2n cof dark
grey shaly chert respectively. Farther east in the River Nidd (SE 071769)
" the Underset Limestone is a crinoid-ossicle calcarenite 4m thick underlain

by l.7m of shaly chert.
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Cliff Beck
Thwaite Beck

Hooker Mill Scar

Great Sleddale Beck

Feraday Gill
Far Cotes Gill
Needlehouse Gill
Rawthey Gill
Slate Gill
Swarth Gill
Green Seat
Garth Gill Head
Grisedale

Flust Gill

Aye Gill Vold
Thorn Wold

Kel Beck

Great Wold End
Binks

Barbon High Fell
Force Gill
Coombe Scar

Two Gills Foot

Fell Close

SD 880963

SD 878965

- SD 875962

SD 865980
SD 894994
SD 837993
NY 811069
SD 773969
SD 738973
SD 757956
SD 733960
SD 731909
SD 748905

' SD 763913

SD 760938
SD 770942
SD 743878
SD 749580
SD 775870
SD 742847
SD 709836
SD 686833
SD 751324
SD 731796
SD 729793
SD 765773



53.
54.
. SSo
6.
57.
58.
59,
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.

Little Wold
Shaws Gill
Johnston Gill
Tarn Gill
Benton Gill
West Gill

Low Clint
Little Pell Ciint
Whitfield Scar
Ellerkin Scar
Ivy Scar

Low Scar

River Cover

Elm Gill

East Stone Gill
Hazel Bénk Gill
Downs Gill

West Gill

New Plantation
Low Dove Scar

Walden Head
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SD 811832
SD 796948
SD 803939

VSD 810934

SD 822952 .

SD 822956

- S 872925

SD 891920
SD 928928
SD 962922
SD 987904
SE 051923
SE 122865
SE 094853
5D 990772
SD 991773
SE 006786
SE 011791
SE 046876
SE 034876

SD 974790

74-

76.
7.

78.

79.
80.
8l.
82.

83.

85.
86,
a7.
88,
89.
P0.
S1.
92.
93.

Dale Head Scar
Kidstones Scar
Back Gill

High Scar
Addleborough
Green Scar
Thornrake Gill
Wold Side

Scout Crag
Yorburgh

Bank Gill

Great Scar
Bousty Hest Scar
Snaizeholme Fell
Widdale Side
Deepdale Gill
Halton Gill
Park Gill Beck

Crook Dike

Scar House
Reservoir

River Nidd

SD 955805
SD 946813
SD 944822
SD 956843
SD 945882
SD 9238%
SD 913820
SD 883829
SD 878865
SD 887882
SD 847845
SD 851877
SD 831842
SD 812843
SD 816887
SD 899815
SD 883775
SD 990752
SE 026761
SE 046766

SE (71769



243 -

190 400 10

o miles 5

O kilometres 8

370

500

290

480

4797 4

. . 2 2 p = 3 & 1TpA 3 T Eariis 13
Fig. 38. Map shcwirg location of figwred seciions ol Inderset Linaestone.




¢ ¢ ¢ coral biostroce

G
L
0
B
A
A
[
®

Gigantoproductus
Lithostrotion
Orbitrenites
bryozoa

algae

breccia

nodular chert
ohosphate nodules
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Fig. 39.

Key to symbols
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vertical scale
graduated in netres

gap, probeble lithology
indicated :

gap in outcrop

thickness urknown
coal

glauconite/ylauconitic sardstone

calcareous sandstone’
sandstcne

calcarecun siltatona
asiltstone

nudstore

shele

cherty shale
glauconitic chert
sandy chert

811ty chertv

shaly chert
chert

calcarcous chert

chorty lizestone
cnlcirudite
calcarenite
calcilutite
dolonitised limestona
mottled linestone
sandy limestone

s8ilty limestono

=] shnly lizestone

used in the figured scctions.
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TIIE UNDERSET LIMESTONG.

| The Underset Limestone accunulated cver all the area except
the southern part of the Askrigg Block. In the southern Barnard Castle
trough it is only 3.65m thick at Gilmonby Bridge (NY 995133) ‘bt it thickens
southwards to 10m in the vicinity of the Steckdale Fault and enstwards to
nearly - 20m in the area northeast of Richmond (Fig.46) On the Askrigg
‘Block a raximum thickness of over 30n Is seen at Biskopdale Head and it
is more than 1%m thicl: on Abbotside, Asikrigg and lMuker Commons, Wether
Fell, in the region around and between Bishopdale and Cragdele and on
tre north =lope of Whernside. The thicler developmonts occur where
bioganic ncunds locally swell the Limestone (Fig.49) “he Limestone
thins away from these areas but is rarcly less than Sm Thick except in
the south tevards which it thins tefore failing completely. This
southerly thirning is secn best along the east side of vhernside Sron
over 16m at Wold End (3D 742847) to unly 2.35m at Coombe Sear (SD731796)
and T™wo Gills Feot (8D 729793). The Limestonc can be locatzd on the
rorthern slope of Paik Fel; (SD 765773) to the southoust but is absent
farther south. Similar thinning is seen on the east side of "harfedale
where it is only 1.8m thick where last recorded in Providence Mine
(sp Q03728 (Phillips, 1836; Ingleborough Memoir, 18903 Dakyns, 1892
Chubb, 1926).

| Various interpretations have bcen proposed to account for the
absence/of the Underset Limestcne over the southern part of the Askrigg
Block. Sedgwick (1835) considered the Undercet and Main Limestones aras

fused in this region but Phillips (1836) recorded the Underset Limestone
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absent and thought it did not accumulate here. HMore recently C'Connor
(1954), %he Institute of Geological Sciences (1" to 1 nile Geological
Sheet 50, Hawes, 1970), and Ramsbottom (1974} have shown the Underset
Limestone prescnt on Fountains Fell even theugh it is now generally
'considere@ absent on Penyghent to the northwest, ingleborough to the
west and sdutheast of Kettiewell to the east.

In the Ingleborough Mewoir (1800) the Geological Survey recorded
tuo thick limestones in the upper part of the Yoredale Group on Fountains
Fell which, froa initial mapping. they considered fo be the Underset ard
Méin Limestones. Iliowever, they noted that the sirata between the two
Limestones are fissile calcareous cherts similar tc the bads which overlie
the.Main Linestone in places. The; ntually concluded that the lower
Limesstone is the Main Linestone and that the upper Limestone corresponds
to the 'Red Beds Limestonc' of Swaledale, where a sinilar cherty series
overlies the Mair INimestone., They also thought it possibie that the Main
Lirestone ssen on Fenyghent splits southwards foruing two Limestones on
Fountains Fell with thin intermediate cherts.

Although difficult fo prove because nearby outcrops are pogr or
absent it seems likely that the Underset Lirestone is abuent on Fountains
Fell and that the Main Limestone splits. Lvidence for this is indirect.
Pourtains Fell lies well south of any positively identified outcrop of
Underset Limestone and southwszst of FPenyghent where the Limestone is absent,
The southward regional thinning out, well shown between the north slope
of Whernside and Park Fell, along the east side of Wharfedale north of
Kettlewell +to tlhe westnorthwest and eastnorthieast of Fountains Fell

respectively, suggests the Limestone is absent. The spiitting of the Main



Limestone in the south is not unique for shaly intercalations also
appear in the Hardraw Scar, Five Yard and Three Yard Limestones.

Absence of the Underset Limestone over the southern part of
the Aékrigg Block results from non-accumulaticn, not post-depositicnal
removal. Its gradual thinning and eventual disappearance is not
accompanied by any evidence of erosion except in the southeast, south
of Angram and Scar House Reservoirs, vhere its feather edge has been
removed.by intra—El erosicn preceding deposition of the CGrassington
Grit.

The Undorset Limestoune rests on a pavement of sandstone in the
central-southern and eastern parts of the southcrn Barnard Castle Trough
and shale in the ncrth and west. On the Askrigg Block i+ overlies
sandsicne over nost of the northern, central and western areas except
in the northwest vhere it rests on shale. To the south_it sonmetines
rests on shale but over most of this region and ir an area encompassing
Penhill and part of lower Covercele, shert overiies the shale and foras
the pavement. The lithology of the pavewent in shown in Fig. 47.

The cherts underlying the Underset Linestone are thickest at
the heads of Nidderdale, Goverdale, Waldendale and Bishcpdale reaching
a maxinum of nearly 3n. They are medium to dark grey, lapinated, rfissile,
variably calcarcous and shaly. Their contact with the underlying shale
is gradational rather than sbrupt and in some places they becorme sc
czlcareous that they pass into cherty calcilutites. One of the nost
distinctive features of thcse!béds‘is‘their characteristic fauna of
abundant fenestellid bryozoa and small brachiopcds, dominantly productids,

including spinose types. The fenestellid colonies are up to 10cm in
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length and,althougn crushed, are exquisitely displayed on bedding and

laminae planes along which the chert splits easily. Thé presence of

this specific and characteristic faunal assemblage suggests, although

does not prove, that high silica concent ratiens in the sea muy have

favoured growth of these organisms and possibly inhibited growth ef others.
The lowest beds of the Underset Limestone are crinoid-ossicle

calcarenites. They contain a fauna of small brachiopods, dominantly

Fomarginifera,and are commonly dolomitised. Except where associated with
vein mineralisatibn, intense dolomitisation is usually restricted to the
lowest beds where they overlie sandstone. The general relationship
between dolomitisation and substrate suggests that dolomitisation is not
related directly to differences in original composition of the carbonate
sediment. HNeither is it related to the trapping of downward percolating
solutions at the base of the Limestone because dolomitisation occurs
mainly over sandstone cemented relatively late (p.401),not vhere the
limestone overlies relatively impervious shale. It seems probable that
dolomitisation was effected hy Mg-rich connate pore-fluids which moved
upwards through the sandstone before its complete cementation and reacted
with the overlying carbonate. Although some of the magnesium may have
cone from the change high Mg calcite to low Mg calcite, it is thought
that most of the Mg was released during diagenesis of clay minerals in
the shales underlying the sandstone.

After a period of carbonate accunulation corals colonised all
except the eastern part ofvthe Barnard Castle Trough and the southern and
eastern parts of the Askrigg Block. Over most of the area they form a-
single biostrome 20cm to 75cm thick, 50cm to 4.1m abowve the bass of

the Limestone but in upper Garsdale and part of Mallerstang and over the



ricrthern central nart of the Askrigg Blocl: cerals sre develeped =t
several horizons separated by crinoid-cssicie culcarenites (U'iy.48).
In the Barnard Castle Trough the single biostrome consists

alnost entirely of Clisiophyllidae, dominantly Dibunophyllum bipartitum

bipartitun (McCoy), although Diphyphvllum fasciculatum (Fleming) becomes

inportant in the vicinity of the Stockdaie Fault. On the Block Diphvphyllunm

is common. It sometimes replaces Dibunophvllum as the dominant coral where
only a single coral bed occurs but where there are several coral beds

Diphyphyllum is commonly the dominant coral. The corals disappear

gradually at the extremities of the biostrome (Fig.48) becoming scattered,
then sparse before they finally disappear.

Where the coral biostrome has a fauna of Clisiophvllidae,

especially where only a single biostrome occurs, it has a crinoid-ossicle
calcarenite matrix. The clisiophyllids lie on their sides and frequently
have imperfect outer dissepimental zones. They appear to have been
rolled about on the sea-floor and, because of their abundance, may have
been concenirated by sédimentary processes, probably winnowing of the
finer matrix by currents.

In contrast to the Clisiophyllidae.the colonies of Diphyphyllum

are in their growth position. When Diphvphvllum is abundant the biostrome

has a calcilutite matrix with little crinoid-debris and a fauna of small
telotrematous brachiopeds which occur between both colonies and individual
corﬁllites. Even when Diphyphyllum occurs scattered in a clisiophyllid
dominated part of the biostrome the crinoidal matrix of the biostrome often

passes into calcilutite in the vicinity of the Diphyphvllum colony and small

brachiopods appear. The Diphyphvllum colonies, especially where numerous,
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seern to have been current baffles restricting water movement iﬁ their
" vicinity and trapping carbonate mud. The protected environment riust have
beeﬁ an ideal habitat for small brachiopods.
There is little difficulty in correlating the coral biostroﬁe
‘where it is sinple and ﬁell developed but where several coral beds are
" developed then correlation is difficult. Although the fauna of the coral
' biostrome varies where it is simplé, even greater variability occurs where
it is complex. Here, within the confines of a swmall outcrop, a single

coral bed can be dominated Ly Clisiophyllidae in one part yet Diphyphyllum

in another. Besides differences in fauna, the coral beds often vary in
number and thickness from outcrop to outcrop. Nevertheless, whilst there

is great variability, the lowest coral bed, usually the thickest, is

‘commonly dominated by Clisiophyllidae with subsidiary Diphyphyllum. The
upper coral beds are thinner, generally lOcm to 30cm, and usually contain

Diphyphvllum as the dominant coral with subordinate Diunophyilum. They

are separated Irom one another by crincid-ossicle calcarenites usually
20cm to 50cm thick - but sometimes more.

The develépment of several coral beds over part of the Askrigg
Block suggests either the single coral biostroue splits or that new
biostromes became established after a period of sediment accumulation
post—-dating death of the previous biostrome. Lack of extensive exposures
in the critical areas prevents continuous tracing of the coral beds but
the -‘evidence collected suggests that a single complex biostrome exists
rather than several separate ones. Where several coral beds are develéped
they are separated by crinoid-ossicle calcarenites with no corals at most

localities but sonetimes,as at Ellerkii. Scar {(SD 962922),corals are
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seen in the intervening calcarenites proving continuity of coral growth
in places. It seems that after initial colonisation the corals were
killed excebt at certain places within the areas where the coral biostrome
is complex. As many of the clisiophyllids appear to have been rolled on
" the sea.fioor,' death of the biostrome over most of the area
- may have resulted from incregsed current activity. Corals survived the
'following.accumulation of carﬁonnte sediment only locally within the areas
wﬁere nore than one coral bed is present but afterwards, probably during
a period of reduced sediment accumulation,managed to recolonise only a
relativeiy small area. This happened up to four times in the lower part
of the Underset Limestoné.

Dibunophyllun bipartitum bipartitum (lcCoy) and Diphyphyllum

fasciculatun (Fleming) are the commonest corals by far in the biostrome

but Aulophvllium fungites (Fleming), Koninckophvilum maenificum (Thompson

and Nicholson) and rarely Caninia Sp. are also present.

| The Diphyphyllum colonies are broadly conical with their coralites
widespread. This contrasts with the compact bun-shaped form of the colonial
corals in the biostrome at the base of the Single Post Limestone and may
indicate that conditions during growth were less turbulent. OSmall

brachiopods, abundant in the calcilutite associated with Diphyphvllum,

include Eomarginifera, Dielasma, Dictvoclostus, Chonetes, Phricidothvris,

Echinoconchus and spirifers. Occasionally sparse Gigantoproductus is
D Yy 3p £ P

also associated with the corals though, more usually, it occurs just
beneath or just above the uppermost coral bed.
Chert nodules are common in or near the coral biostrome and many

of the corals are completely or partly silicified, frequently standing
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proud on weathered curfaces.

Abundant decaying organic material in the bioétrbme is thought
to have provided a locally favourable environment for silicification
(p. 376).

Above the corsl biostrome the Underset Limestone consists
dominantly of medium to very thick bedded, medium grey, crinoid-ossicle

" calecarenites with abundant bryozoan debris, occasional Gigantoproductus

and scattered chert nodules; Locally, the calcarenites coarsen and pass
laterally into biogenic mounds which swell the thickness of the Limestone
considerably.

Biogenic mounds occur in all except the southern and eastern
areas on the Askfigg Block and are developed best over the central area.
They are seen around the west end of Muker Comron, northeast of Askrigg

at Ellerkin Scar, on the south side of Bgugh Fell and Rise Hill, on the
west side of Barbondale, at Binks on the east side of Great Coum, on the
north end of Whernside, on Yorburgh and Addleborough, between the Haws and
Bishopdale Head ard on Wold Side. They areAalso present in the south-
eastern part of the Barnard Castle Trough in the area north and northeast
of Richmond.

At most localities they appear as unbedded lenses of coarse
crinoid-stem calcirudites capped and flanked by laminated coarse crinoid-
stem calcirudites with depositional dips of up to 15°. The lenses are
exposed best at Kidstones Scar (SD 946813 ), Bishopdale Head, where they
are commonly 25m,but up to 100m,in length and 4m to 1Om thick. They consist
almost entirely of coarse crinoid-debris with a few brachiopods, dominantly

spirifers, and bryozoa.
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_ On Yorburgh, Addleborough, the Haws and Wold Side laminated,
cdarse crinoid-stem calcirudites cap and flank poorly exposed bryozoan
calcilutite mounds., Sinmilar mounds, although not exposed, must be
present beneath the exposed crinoid-stem calcirudites on the north end
of Whernside because tlocks of calcilutite with abundant bryozoa are
common in the walls neérby. The apparent abseunce of calcilutite cores
" at the other localities may result simply from non-exposure but it seems
likely that in many cases crinoid-bénks now represented by lenses of
coarse crinoid debrig also developed in pléceé where bryozoan calcilutite
mounds were absent. Both the calcarenite lenses and the calciiutite
mounds are considered to be bioherms (p.352).

On Crackpot Moor, Summer Lodge Moor, Carperby Moor and Askrigg
Common, corals reappear in a biostrome #n the upper part of the Underset

Linestone. It has a fauna of Diphyphvllun fasciculatum (Fleming),

Diphyphvllum ingens (Hill), Dibunophyllum bipartitum (McCoy) and

Heterophyllias but is mush less extensive than the biostrome near the base
of the Limestone. lloore (1958) noted that the two species of Diphvphyllum

do not exist together; Diphvphvllum fasciculatum occurring only on the

fringes of the biostrome. The biostrome is 15cm to 30cm thick except at

Ivy Scar (SD 787904) where in places Diphyphyllum and Dibunophvlium occur

thioughout m of limestone. Like the Diphyphyllum dominated part of the

lower biostrome, the corals occur in a calcilutite matrix; are usually
silicified and_have.an associated fauna of small telotrematous brachiopods.
Near the fringe of the hiostrome, the calcilutite matrix ﬁontains scattered
erinoid debris but there is always marked contrast with the underlying crinoid-

ossicle calcarenites.
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The upper part of the Underset Limestone is often cherty,

especially where bioherms are ébsent,but on Crackpol and Carperby Moor
above the upper coral biostrome and in Great Sleddale most of the upper
part of the Limestone is silicified. The silicified beds are dark grey
calcilutites with bryozoa but only very sparse crinoid debris of small
size and contrast with the calcarenites and calcirudites at the top of
the Underset Limestone elsewhere which contain abundant crindid debris.
Whereas the beds beneath contain only scattered chert nodules hoth
nodular and disseminated chert is abundant in these wgpper beds. The
nodules are so profuse that they coalesce forming irregular patches,
‘layers and stringers of chert. Frequently all that is Yeft of the
calcilutite are tiny patches surrounded by chert. The appearance of
éhert and disappearance of abundant crinoid debris seems related. Either
this lithology has been silicified preferentially or the silica is a
primary, though locally redistributed, constituent of thé gedinent. The
disappearance of nmost of the fauna except bryozoa suggests that the silica
was a primary component of the sediment which became mobilised during
diagenesis but was later precipitated locally.

Over much of the area the Underset Limestone is overlain by bedded
chert. In the north the chert is separated from the Limestone by 4m of
shale but the shale thins to the south and southeast. It reaches the
northwest part of the Askrigg Block where it is about 1lm thick but fails
to the southeast and is absent over the rest of the area. In the region
around Bowes the shale is exposed poorly but in the Mount Pleasant Borehole

(NZ 032151) Johnson obtained a rich fauna including Girtvoceras costatum

(Ruprecht) and other specimens referable to Giriyoceras indicating a
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" high P, aga \Rayner, 1953).

2
The bedded cherts above are rarely fully exroused aﬁd this, with
their variability in thickness, muakes construction of accuraté isopachs
impossiblev(Fig.SG). They reach a maximum thickness of ahout 10m in
the central parts of the southern Barnard Castle Trough but thin out
tovards, are are absent in, the area northeast of the Gilling Valiey and
noirth of Middleton Tyas. Although the cherts are thick in the area
arbund Bowes they are absent over most of the Cotherstone Syncline to the
north (Reading, 1957) and on the Alston Block. Chert is widely distributed
over the northern part of the Askrigg Block, except on Huker Coumon,but
from Garsdale and Wensleydale southwards it is developed only locally.
It overlies the Underset Limestone at Binks on the east side of Great Coum,
just south of the north end of Whernside, on Widdale Fell, at the heads
of Sleddale and Waldendale, on Penhill and in Lower Coverdale and
-Nidderdale. On the Askrigg Block the chert is thickest at the head of
Wensleydale where it exceeds 6m but, over the rest of the Block, the loecal
developments are thinner and exceed 4m only at the head of Sleddale and
Waldendale.

The bedded cherts are very thin to very thick bedded, somefimeé
laninated and medium to dark grey. Although some are flinty most are at
least slightly calcareous, many are highly calcareous and some are
argillaceous and shaly. Within the cherts variably silicified calcilutites
and shales are common. The cherty calcilutites and calcareous cherts
frequently contain areas of intense diagenetic silicification which form
highly-siliceous, sometimes flinty, irregular patches, nodules or %ands,

usually parallel or subparallel to_the.bedding. The fauna of the bedded
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cherts is variable and includes, besides crinoid debris, small brachiopods
including spinose productids, bryozoa, sponge spicules and .Zoophycos. The
calcarcous fauna and Zoophycos are conmonest in the calcareous cherts
whereas the siliceous sponge spicules are usually most abundant in the
‘high siliceous cherts. The cherts are more fully discussed later (p.387).

The relationship between thg bedded cherts and biogenic mounds at
vthe top of the Underset Limestone was first recorded by Moore (1958). Using
the sections on the west end of Muker Common at Cliff Side (SD_8]8965) and
© Cliff Beck (SD 875962) {p.217,) he showed the bedded chert above the
Underset Limestone occupies an intermound position and is absent over the
bioherms. This is substantiated hsre and shown by cemparisen of the
distribution of the bedded chert (Fig.rjo) and biogenic mounds (Fig.49)
although_occa31onally, as at Binks (SD 709836), bedded cher% does extend
over the mounds. The restriction of bedded chert in many places to an
intermound positicn is further proof the bioherms stood as elevations on
the sea floor (p.356).

Lithostratigraphic evidence suggests the bedded cherts pass south-
wards, at least in part, into the upper part of the Underset Limestone.
Lack of extensive exposures in critical areas makes this difficult to prove
but the increasing carbonate content of the bedded cherts southwards and
the cherty nature of the top of the Underset Limestone where the bedded
cherts first disappear, support this interpretation. Comparison of the
sections around Gunnerside (SD 951982) on the north side of Swaledale where
bedded cherts are well developed above the Underset Limestone with those
on the south side of Swaledale on Satron Low Walls (SD 944969) where bedded

cherts are absent but the upper 4m or the Underset Limestone is highly
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giliceous best illustrates the relationship. The bedded cherts also
pass northwards into carbonate around Bowes where the Iron Post Limestone

is developed (Reading, 1957).
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THE CROW LIFESTONI.
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THE CROV LIMESTONK.

SUMHARY.

The Crow Limestone rests on or occurs just abowe-éandstones
of the Uldale Sill. It reaches a maxinun fhickness'of over 20
. in the northeast.and thins southwestwards but did not accunulate |
~ over the csouthezn part of.the Askrigg Block.or along the south side
'pf the Stockdale Fault in the region of Great Shunner Fell,

Over most of the northern Askrigg Block, eBcept'in the
' regioh of Great Shunner Fell and between Baugh rell and Wild Boar
Fell anu over the easfern and central part of the southern Barnard
Castle Trough, the Crow Limestone consists of light to dark grey
crinoid—ossicle calcarenites, crinoid-stem calcirudites, bedded,
usually célcareous cherts and interbedded shales.

) The calcarenites are medium to very thick bedded,
frequently have a cherty matrix and are often dolomitised. They
coarsen locally into crinoid-stem calcirudites. Although no
bioherms are exposed the calcirudites are thought to be related to
bioherm developnent.

Bedded cherts are common in the upper part of the Crow
Limestone in the northeast. They are medium to dark grey, variably
calcareous and pass transitionally into cherty calcarenites and
cherty shales. Both limestones and cherts contain a macrofauna
including brachiopods, bryozoa and sponge spicules including
Hyalostelia . Crinoid debris is usually the most abundant skeletal
comporient although sponge spicules dominate in some of the flinty

cherts.
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Thin impersistent shales are common, especially in the
upper part of the Limeétone but a thick shale, reaching a maximum
thickness of 5.75m in West Stonesdale,can be traced over most of
the southern Barnard Castle Trough. It is also seen on the Askrigg
Block in Fossdale and between Baugh Fell and Wild Boar Fell.

The Crow Limestone is absent in a belt at least 23m leng
and 4¥m wide along the south side of the Stockdale Fault in the
region of Great Shunner Fell. Here, local uplift of the north edge
of the Askrigg Block elevated the Uldale Sill above surge base to
form a sandbaiiz on which the Crow Limestone did not accumulate.
Crinoid growthizs .prolific round the southern edge of the sandbank
and resulted in accunmulation of coarse crinoid-stem calcirudites.

To the north of the sandbank, in the western part of the southern
Barnard Castle Trough,a small basin developed. Here thin lower and
upper cherty glauconite sandstones ami glauconitic cherts accwmulated
separated by a thick shale. Both quartz sand and silt decreasze
in quantity and grain size away frou the sand bark which was clearly
their source. The glauconite shows a sinilar distribution and appears
to-have formed on the sandbank and later bsen 'swept nerthwsrde inte {:2Z basin
by currents. The basin had semi-stagnant bottom conditions as the Crow
Limestone here contains phosphate nodules and has a poor calcareous
fauna.

Another small basin developed on the Askrigg Block between
Swarth Fell and Wild Boar Fell. Here the surrounding crinoidal
limestones pass laterally into a thin lower crinoidal calcilutite

and thin,upper, bedded chert, separated by thick shale. The lower
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crinoidal calcilutite,contains'scattered quartz sand and silt,
glauconite and phospiate nodules. Comparison with the area to
the northeast suggests that this basin may have formed behind a

| sandbank developed by local uplift aiong the Dent Fault.
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 THE CROW._LIMESTONE.

Although the Crcw Limestone and overlying chertis were well
-known by the early miners, Phillips (1836) was first to record them
in thg literature. Later, after nmapping in the 1870's and 1880's, the
' Geological Survey described their outcrops and lithology (Ingleborough
Memoir, 1890: Mallerstang Memoir, 1891). In 1924 Hudson briefly
' mentioﬁed the Crow Limestone. He recognised its entire thickness is
sometimes represented by chert but usually it consigts of a lower
limestone overlain by cherts with inpersistent limestones. Sargent
(1929) described the Crow Cherts 'in. Arkengarthdale and mid-Swaledale
which were later visited by a field meeting led by Hudson (1933). The
strétigraphy of the beds including the Crow Limestone in the area
between Tan Hill and Alston Moor were briefly mentioned by Carruthers
(1938) and in 1944 Hudson correlated the Crow Limestone with the Crag
Limestone on the aAlston Block.

More recently the Crow Limestone and the Crow Chert in the
area south and southeast of Richmond were described by Hey (1955).
Mapping and description of the Namurian of the northwest corner of
the Askrigg Block by Rowell & Scanlon (1957) and of the Carboniferous
rocks of the area around Coverdale by Wilson (1960) led to documentation
of the Crovw Limestone in these areas.

Frequently in the literature these beds are referred to
lithostrétigraphically as Crow Limestone and Crow Chert, the Crow
Chert overlying the Crow Limestone. Whilst it is true that the upper
beds are usually more siliceous than the lower beds, chert is encountered

at varying positions in the sections and at some localities occurs at



the base. To avoid ambiguity, the lithostratigraphic term "Crow
Chert” is drbpped and ‘the formation of. carbonates, cherts and

. intervening clastics is referred to as the Crow Limestone.
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THE CROW LIIESTONE.

DETAILS.

| To facilitate description of the Crow Limestone the region
Vstudied has be=n divided into six areas, Lower Swaledale, Upper
Swaledale and the northwest, Mallerstang, Garsdale, Baugh Fell and

the southwest, Upper Wensleydale and Lower Wensleydale (Fig. 51).

Lower Swaledale.

In the area north of the River Swale, the Crow Limestone is
confined tou the higher ground; It occurs as outliers, often faulted, and
is poorly exposed. To the south its outcrop is high up on the
southern bank of the River Swale, approximately parallei to the River,
but is complicated by faulting especially in the area south of
Richmond.

North of the River Swale the outcrop is usually marked by
loose fragments of cherty calcarenites and cherts rather than in
situ exposures. The lower part of the succession consists mainly of
variably chertified, patchily doloritised, crinoid-vssicle calcarenites
whilst the upper part is dominantly flinty and calcareous chert.

On Moresdale Ridge (NZ 025043) fraguments of flinty and
decalcified calcareous chert abound. lany fragmenis of the decalciried
calcareous chert are extremely conspicuous as they weather very light

-grey. They have a variable content of crinoid debris and a fauna of
snmall bréchiopods, mainly productids and spirifers. Omnall outerops do
occur in this region and in the dry beck (NZ 025041) shoze 3,22 ef shaly
weathering, mediun grey, calcareous chert with crinoid debris and |

small brachiopods is expused. Nearby at Nu 025040 2n of weathered
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highly siliceous crinoid-ossicle calcarenites and calcareous cherts
are seen and to the southwest in a small tributary of Slei Gill

(NZ 023031), poor exposures of cherty crinoid-ossicle calcarenites
and cherts are visible above sandstones of the Uldale Sill.

On the south side of the River Swale the most easterly
exposure of the Crow Limestone is in Hagg Gill {3E 184994). Hey
(1956) recorded 30 feet (9.15m) of Crow Limestone here but now only
3.1m of mediﬁm grey, medium to thick bedded, cherty crinoid-ossicle
calcarenites with very thin interhedded shales are visible in situ
although.loose fragnents of siliceous crinoid-ossicle calcarenites
and cherts are seen ahove.

Bast of Hagg Gill (SE 184994) there are good exposures in
the disused quarries on the south side of Sand Beclk. The loﬁer part
of the Crow Limestone is exposed ;n the quarry (SE 171998) 200m
southwest of Sandbeck East Bridge. Hey (1956) recorded the top of
the Ten Fathom Grit and the base of-the Crow Limestone here but now
the quarry has becone p;rtly infilled with debris and the Ten Fathon
Grit is no longer visible. However, loose bhlocks of sandstone still
titter the quarry floor. The quarry exposes 9.2m of nedium to light
grey, nedium to very thick bedded, patchily dolomitised, variably
chertified crinoid-ossicle calcarenites with shaly partings and thick
to very thick interbedded shales. Where dolonitised the calcareniteg;
are light brown. The lowest 4.4m are thick to very thick bedded,
patchily dolomitised,cherty crinoid-ossicle calcarenites with a 4Ocm
shale and traces of cross lamination lm and 2.1m above their hase

respectively. Jocally intense silicification has led to incipient
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development of chert nodules with poorly defined margins. These
beds are overlain by two cherty shales l.lm and 35cm thick separated
by 80cm of highly dolomitised calcarenite which, where weathered,
is porous, earthy and stained light brown by iron-oxide. The over-
lying medium to thick bedded crinoid-ossicle calcarenites, besides
being more intensely dolomitised than the’ lower beds,are also more
siliceous and contain a thin shaly chert 40cm thick lm from the top .
of.the section. Loose blocks of siliceous calearenite and chert are
seen above,.

A éreater thickness of the Crow Limestone is exposed in
Spring Wood Quarry (SE 168997) 200m to the southeast. The section
starts above the base of the Limestone and exposes 20m of patchily
dolomitised, variably siliceous, medium to very thick bedded crinoid-
ossicle calcarenites with shaly partings, wmedium to very thick,
usually siliceous, interbedded . .shales and medium to thick bedded cherts.
The lowest 8.15m are medium to very thick bedded siliceous crinoid-

ossicle calcarenites with a 30cn shale 3.85m above the base.

Egpinckophyllum interruptun (Thompson & Nicholson), identified by

Hey (1956)5 occurs 60cm beneath the shale. Above 1.95m of siliceous
shale, chertified in its upper part, is overlain by 3.75m of nediun

to very thick bedded crinoid-ossicle calcarenites with 40cm of
siliceous shale, also chertified in its upper part, l.lm above its
base. Shale 3.3m thick separates these béds from the uppermost beds
exposed, 1.8m of medium and thick bedded cherts with interbedded shaly
cherts and cherty shales, overlain by a very cherty crinoid-ossicle.calc-

arenite . The thick shale appears to thin eastwards across the outcrop
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Plate 20. The Crow Limestone, Spring Wood Quarry (SE 168997),
1 km south of Richmond.

Medium toc very thick bedded, patchily dolomitised and
variably siliceous, crinoid-ossicle calcarenites with
interbedded shales form most of the section. The
grassed slope marks the position of a thick shale
beneath the uppermost outcrops which are medium to

" thick bedded cherts with interbedded shalv cherts and

cherty shales.
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but this apparent thinning seems due to slippage of the overlying beds.
East of Spring Wood Quarry along the southside of Sandbeck
small disused quarries expose medium to medium light grey crinupid-
_ ossicle calcarenites. The best sections are in the small roadside
quarries (SE 162998) where 6m of mediun to very thick bedded,
patchily dolomitised, variably siliceous crinoid-ossicle calcarenites
are seen with chert nodules and very thin to thin cherty shale
partings in the upper 1l.75m. At SE 152995 3.5m of similar
calcarenites are exposed.
In the area around Hudswell (NZIl46002), L to the north-
west, several of the small streams flowing north into the Rivef
- Swale expose the Crow Limestone. In Church Gill (NZ 141004 ) poor
outcrops of patchily dolomitised, siliceous crinoid-ossicle
calcarenites and cherts are seen but in Scarcote Gill (NZ 141004)
to the east 20.8m of the Crow Limestone is patchily ekposed. Here
the lowest 4.35m of the Limestone rests on sandstone and consists
of thick bedded, light grey to yellowish—bfown, dark-streaked,
dolomitised, calcareous cherts with Zoophvcos. A gap of l.7m separates
< these beds from shale at least 90cm thick which crops out on the
‘north side of a fault. This fault downthrows south, dropping the
upper part of the section, but gaps above my conceal other faults.
On the south side of the fault 50cm of cherty shale is overlain,
‘after a gép of 1.8myby 1.65m of cherty shale and shaly chert followed
by another gap of 5.%5m. Thick bedded,dolomitised,siiiceous-
calcarenites 1.85m thick are seen above overlain by 45cm of yell@wish—

brown, dark streaked, calcareous cherts with Zoophycos separated by
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a gap of 1.65m from sinilar Beds 40cm thick. Blocks of Crow Limestone
are well.displayed in the nearby walls which, in addition to the
lithologies seen in Scarcote Gill, contain shaly and calcareous
cherts and crinoid-stem calcirudites with chert nodules.h Small
:brachiopods,doﬁinaptly'productids and spirifers,and spicules of
‘Hyalostelia are comnon. .

In High Spring Beck (SE 117996), 47kn southwest of Scarcote
Gill, 16.16m of Crow Limestone is partly exposed. The lowest beds,
mediun to thick bedded, very siliceous, erinoid-ossicle calecarenites
4,75 thick, rest on sandstone and are overlain after a gap of 40cn
by 70cm of siliceous shale. The outcrops abbve consist of 1light
grey to yellowish—brown, dark-streaked cherts with a variable content
of crinoid debris, small brachiopods and Zoophycos, but gaps of 2.4m,
T0cn and In are seen Y.2m, 12nm and 14.85m abové their Yase respectively.

Farther scuth 5.65m of the Crow Limestone is seen in White
Earth.Quarry (SE 115984), l/2km north of Downholme, but neither its
base nof top is exposed (Plate 21). The lowest 3.85m are bluish-grey
to light brownish-grey, thick to very thick bedded, patchily
dolimitised, siliceous crinoid-ossicle calcarenites which become
increasingly siliceous in the upper part. In addition to'scattered
chert nodules a thin nodular chert occurs l.lm ahove the hase,
They are separated by 35ca of medium grey shaly chert from bluish-
grey to éreyish—orange, medium to thick bedded cherts and intensely
but variably silicified crinoid-ossicle calcarenites 1l.9m thick
with fenestillid bryozoa and small brachiopods. Local variation in

intensity of silicification is shown in Plate 22, For about Im
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Plate 21. The Crow Limestone, White Earth Quarry (SE 115984), Downholme.
Very thick hedded siliceous crinoid-ossicle calcarenites
separated from overlying variably calcareous cherts and very

cherty crinoid-ossicle calcarenites by a poorly exposed shale.

o o | e, - " R T

Plate 22. The Crow Limestone, White Earth Quarry (SE 115984), Downholme.
Close-up of the calcareous chert seen lm above the scale
in Plate 21. The dark bluish-grey patch is more highly

silicified than the lighter surrounding area and shows

diagenetic redistribution of silica was irregular.
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above the outcrop loose blocks of chert are numerous.
Several small disused quarries expose the Crow Limestone
near Coldstorms (SE 119967), 1.25km south of Downholme. The
. best section is in Coldstofms Quarry (SE 118996) where 4.%m of
thick to very thick bedded, patchily dolomitised, siliceous
calcarenites with scattered chert podules and occasional clisio-

phyllid corals are exposed.

Upper Swaledale and the Northwest.

In'fhe ndrth of this area the outcrop of Crow Limestone
passés eastvward fron Frumming Beck (NY 923083) to Dry Gill
(NY 903084) on Sleightholme Moor but is then faulted out as far
&s Brownber. It reappears under Brownber Edge {(NY 871086) and can
be:tracedIWestwards around Nine Standards Rigg into Malierstang.

The outcrop can also be followed along the north side of Swaledale
around the side of its northern tributary valleys from the head of
Arkengarthdale westwards to Birkdale. It crosses Birkdale and
passes eastwards along the southside of Swaledale to Downholme.

In the west of this region the test section of Crow Linestone
is in Great Punchard Gill (NY 949042) where it is at least 18.9m
thick and overlies sandstone. The lowest 6m are light grey, medium
to very thick bedded, patchily dolomitised and silicified crinoid-
ossicle.calcarenites with 40cm of cherty shale 4.5n above their base. -
fhey are overlain by 8.35n of medium to light grey crinoid—ossicle
calcarenites which are medium bedded with thin to medium interbedded
cherty shales in the lower part but thick to very thick bedded in

the upper part where interbedded shales are ahsent. Scattered grains
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of glauconite occur in the_lower part and the upper calcarenites
are dolomitised. Abcut 3m of shale separates these beds from
1.35nm of‘chert, the uppermost beds exposed. The chert is nedium
grey with darker grey streaks and blocky except at the top which
. is shalj. Small brachiopods, dominantly productids, and Zoophyces
are common.
North of Punchard Gill the outcrops are poor. In Roe Beck
(NY 949052) 40cm of cherty shale with scattered crinoid debris is
overlain by 1lm of yellowish-brown to greyish-orange, decalcified
silicéous crinoid-ossicle calcarenite. The calczrenite contains
small brachiopods, fenestellid bryozoa, Hyslostelis. spicules and
Zoophycos. Farther northwest in Lad Gill (WY 944057) at least
6.5m of similar beds are seen and ét Annaside Head (WY 935060)
several outcrops show at least 8u of the Crow Limestone but
do not provide a continuous section. The beds exposed are light
and medium grey to dark yellowish-orange, siliceous, usually decalcified,
crindid—ossicle calcarenites and cherts with a fauna of small brachiopods
and Zoophycos. A complete section at Annaside Head was recorded by the
,' Geological Survey (Mallerstang Memoir, 1891) : -
Chert 15'  (4.5m)
Shale 2'  (0.60m)
Limestone and chert 15! (4.57)
South of Great Punchard Gill the Crow Limestone is exposed again in
Liftle Punchard Gill (NY 951031) but the section is faulted. It consists
of medium and light grey to yellowish-brown, siliceous, crinoid-ossicle

calcarenites and cherts with small brachiopods and Zophycog,



Farther south several sections are recorded in the

literature fron nines:-

Arkendale. ' 01d Moulds Arkenpgarthdale.
(from Winch; Phillips, 1836) (Phillips, 1836)

Flinty Chert 16' (4.88m)

" Shale 1'  (0.30m)

* Chert 6' (1.83m)
Shale 9*  (2.74m) Flinty Chert 36' (10.97n)
Chert 12*  (3.66m) Plate 15' ( 4.5Tm)
Limestone 12'  (3.66n) Limestone 18' ( 5.49m)
014 Gang, Swaledale. Shaft at Fourth Whim, Wet Shaw,

_ Arkendale. )
recorded by Forster (Phillips, 1836) (Mallerstang Menoir, 18Y1)

Flinty Chert 15' (4.5Tm)

_ Shale 3'  (0.91mJ
Flinty Chert 12' (3.66n) Cher3 8' (2.44m)
Shale & Limestone 15' (4.57n) Shale 916" (2.%m)
Chert 9' (2.74m) Chert 13'  (3.96n)
Limeétone & coal 12' (3.6bu) Limestone 12! (3.66n)

To the west the Crow Limestoue forms scars on both sides
of Blakethwaite Gill,near Blakethwaite Dam,and is well expused.

The best section is in Benfy Gutter (MY 936030}, a swall tributary
of Blakethwaite Gill,where it overlies shale and is at least 20.75nm
thick. The lowest 30cn1 is a mediwn grey chert separated by a thin
shale parting from 65cm of siliceous crinoid-ossicle calcarenite
wifh a very cherty top. Above, shale 1.75m thick with brachiopods
and scattered crinoid debris is overlain by 2.35n of shaly calcareous

chert with scattered,crushed crinoid debris and small br;chiopods.‘

Light grey to greyish-orange, chertified crinoid-stem calcirudites
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6.25n thick follow with numerous large Hyalostelis spicules in

bundles on bedding s'irfaces and brachiopods including productids
and spirifers. These beds are overlain by 35cn of calcareous shale
then th thin limestones, a lower slightly cherty crinoid-stem calcirudite
- 25cm thick separated from an overlying slightly cherty crinoid-ossicle
calcarenite with argillaceous streaks by a thin shale parting. Above
3.05m of shale, cherty in the upper 60em, is overlain by 5.05m of medium
to light grey chert with dark grey streaks. The chert has a thin shale
parfing 60cn above its base, contains sponge spicules and nolds of small
brachiOpoas and is overlain by shale.

The Crow Linmestone thins eastwards to 14m in East Grain
where-it is separated from sandstones of the Uldale Sill by a thin
shale. The lowest 1.75m is thick bedded and passes rapidly from
calcilutite with scattered crinoid ossicles at the base into |
cherty crinoid-ossicle calcarenites. A gap of l.lm separates
these beds from 2.5m of thick to very thick bedded calcareous
cherts vwhich are shaly in the lowest part and contain Zoophycos.-
Above 3.3m of light grey siliceous crinoid-stem calcarenites and
calcirudites are followed by 60cm of laminated chert with Zoophycos.
The succeeding beds are now poourly exposed but Scanlon (1955)
recorded 7' (2.13m) of shale, then a cherty glauconitic limestone
316" (1.07m) thick,separated by a gap of 3' (9lcn) from the
uppermost bed, 1' (30cn) of cherty limestone. A thick shale overlies
thé Limestone.

Siliceous calcarenites and calcirudites are also exposed

in a scar on the east side of Swinner Gill (NY 911013) but a
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coumplete section crops out in Hind Hole Beck (Y 913017). Hore
the Crow Linmestone is 8.3%5m thick and separated from the Uldale

Sill by 50cm of shale with a thin ealcilutite. Dark grey
calcilutite with scattered shell debris forms the lowest ;85cm

" of the Limestone. It is overlain by 45cm of siliceous calcilutite

which has a highly siliceous upperlpart and passes up into light

' grey, siliceous, crinoid -ossicle calcarenites with dark grey
Zovphycos and a very cherty, highly burrowed top. 4Above,l.05n

”of light grey calcareous chert with a shaly lower part and Zzoophycos
passes into i.6m of light grey, very cherty crinoid-ossicle
calcarenite which become less crinoidal and shaly at the top.
These beds are overlain by Ycm of shale with scattered small
phosphate nodules, then 2.4nm of blocky calcareous cherts with

two thin shale partings 7cm and 15cn thick, 1.45n and 2.05m above
their base. 'The chert above the shale partings contains small

- scattered phosphate nodules and is overlain hy shale.

In bast Gill (NY 904032) the Crow Limestone is also separated
from the Uldale 5ill by a thin shale but thins to 7.85m. Dark grey,
thin parted calcareous cherts90cm thick with productids and
Hyalostelia spicules are overlain by light grey, thick to very
thick bedded, siliceous crinoid-ossicle calcarenites. A gap of 1.2m
separates these beds from 60cm of dark grey calcilutite with
scattereﬁ crinoid ossicles and small brachiopods. Above 60cn of
calcareous shéle with productids, productid spines and scattered
crinoid dehbris is succeeded by 2.65m of mediun grey, siliceous

crinoidal calcilutites and calcarenites with a “5cm calcareous shale
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75cm above their base. The calcarenites contain a fauna of
productids and Hvalostelia spicules.

Several outcrops of Crow Limestone are seen in West
Stonesdale. In Haw Gill (NY 891031) about 3.25m of medium grey,
.éherty limestone with thin shaly partings, scattered crinoid

debris; brachiopods, fenestellid bryozoa and Hyalostelia
'spicules are exposed. The slipped section is very weathered and
mucﬁ of the linestone decalcified and stained. yellowish~orange.
Farther north in Mould Gill (NY 883037), only 1.25m of medium
grey, cherty calcilutite with scattered crinoid debris and Hyalostelia
spicules is seen, overlain by poor outcrops of cherty bioclastic
calcilutites. Scanlon (1955) however, recorded the following
succession: - cherty limestone 6" (15cm), shale 1'6" (4%5cn), cherty
limestone 2'0" (60cn), gap 3'0" (9lem), grey limestone S (L.SEm)
of which 1.25m is now exposed, cherty limestone with sponge spicules,
organic debris and rare glauconite near the top 4! (l.22m), sandy
limestone 6" (15cm), shale 1'0" (30cm) and finally 8" (20cm) of
silty crinoidal limestone.

In the disused quarry (NY 885042) 100n east of Stonesdale
Bridge the Crow Limestone crops out again. Here 1.2m of cherty
shale is overlain by 40cm or dark grey, cherty calcilutite with
scattered bioclasts. Scanlon (1957) recorded a gap of 5'0" (l.SEm)
beneath fhe shale, then 6" (15cm) of grey fossiliferous limestone
separated by a 1'6" (45cm) gap from 1' (30cm) of grey sandy-
-fossiliferous limestone giving the Crow Limestone a thickness of

at least 4m. In Stonesdale Beck Y 886042) at least S0cm of dark
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grey calcilutite with disseminated pyrite and rare glauconite is
separatéd‘by a gap of 45cm, probably in shale, from 35cm of cherty
shale, overlain by J0cm of cherty, slightly pyritie, calcilutite
with:rare glauconite. To the north on High Brown Hill (NY 887054 ),
‘ just east of West Stonesdale to Tan Hill Road, 1.8m of cherty
crinoid-ossicle calcarenites and calcilutites with scattered
'crinoid debris,a few glauconite grains and Zoophycos are seen.
‘ whiist at the confluence of Tan Gill and Stoncsdale Beck (NY 886054 )
l.BSm of cherty calcilutite with sparse bioclastie debris and
Zouphycos is overlain by 1.15m of cherty crinoidal calcarenite
with small brachiopods and spicules of Hyalostelia .

On the west side of West Stonesdale 1.65m of dark grey
calcareous chert overlying SOcm of cherty shale is exposed in
Thomas Gill (NY 88%056). Farther south in Wetshaw Gill (NY 881041)
%0cm of calcareous,silty;giauconite sandstone with numerous rounded
phosphate nodules up to 5cm in diameter, especially abundant in the
upper pért, overlies shale. A lower bed of similar thickness was
recorded by Scanlon (195%) beneath 2.15m of shale underlying the
upper leaf,

In Birkdale the Crow Limestone consists of a thin lower
and upper leaf separated by a thick shale. 1In Birkdale Beck
(ny 853011), 0.5kn downstream from Ellers Bridgé » the lower leaf
is a dark grey, quartz sandstone 30cm thick with Zoophycos. It
overiies sandstone of the Uldale 5ill and is separated from the
upper legf by about l.6m of shale of which only the upper 3Ocn,

containing phosphate nodules, is exposed. The upper leaf forms a
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 highly jointed pavement below Ellers Bridge (NY 849012). It is a
siliceous,phosphatic, glauconite sandstone with thin hale partings
at the top; nunmerous dark grey phosphate nodules and Zoophycos.
The pﬁosphate podules are exceptionally numerous on certain hedding
planes and seen best on blocks detached from the outcrop (Plate 24)..
They are round to subround, up to 1Ccm in diameter although commonly
“lcm to Scm, weather pale grey and distort laminze in the surrounding
rock. Farther upstream (NY 837018), near the coxnfluence with
Brigstone Gill, the Crow Limestone is exposed again. Here the lowest
.leaf is 1.3%5m thick and divided by 30Ocm of siliceous . shale with
phosphate nodules into a lower and upper dark grey, phosphatic chert
 35cm and 70cm thick respectively, with disseminated pyrite,
scattered glauconite and phosphate nodules in the upper part. It is
separated from the upper leaf, a dark grey, phosphatic, sandy chert
with phosphate nodules and scattered grains of glauconite by 3m of shale
of  which only the upper 25cm is exposed.

At the head of Birkdale the lower leaf is exposed in Uldale
Beck (NY 813033) where 1.9m of fissile, dark grev, phosphatic, silty
~ chert with Zoophycos overlies a gap of 1l5cm above :i: Jldsla Sill.

North of Birkdale in Whitsundale, the shale separating the
lower and upper parts of the Crow Limestone thickens. 1In Hoods
Bottom RBeck (NY 863038) the lower leaf is =a éalcareous,sandy,cherty,
‘giauconite sandsgone only 15cm thick with phosphate nodules,
separated from the Uldale Sill by 80cm of shale. It is overlain
by 5.75m of shale with siderite nodules scattered throughout the

lower 3.1lm and a 10cm bed of siderite 1.lm above its base. The
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The Crow Limestone, Hoods Bottom Beck (NY 863038), Whitsundale.
The lowest bed forms the prominent ledge above the streanm.

The uppermost bed is seen just beneath the top of the bank

above the bend in the stream.  Both are thin glauconite
sandstones and are separated by shales with sideritic concretions.

Plate 24.

The Crow Limestone, Birkdale Beck (NY 852012), Birkdale.

The underside of a loose block of cherty glauconite
sandstone from the upper part of the Crow Limestone
showing abundant well developed phosphate nodules.
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upper leaf is a cherty, calcareous, sandy, glauconite sandstone
varying in thickness from 25cm to 35cn. The upper lecaf is of
similar lithology in Long Gill (NY 865033) and Caveside Gill
(NY869026), where it is In and 25cm thick respectively. It is
~underlain by shale at least 3.5m thick in Caveside Gill and 1l.5m
in Long Gill but the lower leaf is not exposed at either locality.
" In Whitsundale Beck (NY 850037) farther west the Crow Limestone
alsé overlies shale which is cherty in the upper part and overlain
by 45cm of dark grey, fissile, silty chert with Zoophvcos. This
is separated from 23cm of cherty, calcareous, sandy, glauconite
sandstone with numerous phosphate nodules by a shale parting 8cm
thick. The lower leaf is overlain by a thick shale but only the
lower-SOCm with phosphate nodules is exposed. The uppef leaf is not
seen in situ but loose blocks show it to be a silty glauconite chert 60cm
thick with a thin shale parting in the centre.

Farther north several of the small streams draining Browmber
Edge expose the Crow Limestone. In Roantree Gill (NY 871086) the
lovest bed, a silty, calcareous, glauconite chert with small lenses
of glauconite at the base and small scattered phosphate nodules,
overlies at least 1l.2m of shale. A gap of 2.3m separates it from
1o of shale,followed by l.1lbm of dark grey, silty chert. Sinilar
sections are seen in Deepgill Sike and Bleaberry Beck farther east.
In Deepgill Sike (NY 864081) the lowest bed also overlies shale
and is a silty, glauconitic,calecareous chert 45cm thick with abundant
glauconite at the base and phosphate nodules up to lem in diameter.

A gap of 50cm separates this bed from 9Ucm of siliceous calcilutites
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overlain by 40cm of dark grey, laminated, siliceous calcilutite.

. Another gap of Y0cm follows, then 10cm of dark grey, calcareous

chert with Zoouphycos,overlain by loose blocks of calcilutite. In

Bleaberry Beck (NY 843071) the lowest 60cm of Crow Limestone

exposed is a dark grey, pyritic and glaucbnitic, siliceous

calcilutite. It is overlain by 20cm of shale followed by a 2.25n

- gap then 40cm of shale. Above the shale 1l.5m of light grey to
re&ish—orange chert is seen with pale grev-weacthering, dark grey

phosphate nodules. The chert, especially the upper 60cn, weathers

very light grey.

On the north flank of Nine Standards Rigg in Williamson
Giil (NY 832076) l.2n of nedium grey, calcareous chert with small
lenses of glauconite are overlain by 60cm of shale. A scree with
small, loose fragments of very light grey chert with phosphate
nodules is seen above.

To the west in Bields Gill (NY 820076), on the northwest
slopes of Bastifell, 40cm of dark grey calcareous chert with small
dark grey phosphate nodules, disseminated pyrite and Zoophycos,
overlies shale but better sections are seen in the streams draining
the west side of Nine Standards Rigg.

In Rollinson ¢ill (Y 818057) 2.7m of light grey to greyish-
orange calcareous cherts overlie shale. The lowest l.Ym contains
dark gréy phosphate nodules and glauconite and weathers yellowish-
orange whereas the upper 80cm weathers very light grey. Similar
beds are seen in the unnamed gill (NY 816061) north of Rollinson

Gill where 60cn of medium grey, yellowish-orange-weathering chert
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with dark grey phosphate nodules and scattered grains of
glauconite are overlain by 50cm of very light grey weatherihg,
medium grey, calcareous chert with brachiopods. A more complete
sectioi is visible in Jack Standards Gill (NY 818054) farther
south although the upper part is disturbed by faulting. The

lowest beds overlie shale and are dark grey cherts, 1.7m thick
 with Zoophvcos. A 15cm shale separates them from 8.8m of highly
weathered, yellowish-orange, calcareous cherts and cherty calcar-
enites with a VOCA shale 3.2m above the base. They contain crinoid
debris, brachiopods (dominantly small productids including spinose

types) and Hyalostegjé spicules. The upperrost beds are greyish-

orange, very light grey-weathering cherts 70cm thick with dark grey

phosphate nodules and small brachiopods.

On the south side of Swaledale in Great Sleddale the Crow
Limestone is seen north of the Stockdale Fault (NY 851004) as 6Ucm
of well jointed, sandy, glaucoritic chert but to the south of the
Fault in Stackers Gill (SD 838984) and Brian Grain (SD 841983) it
is absent. In Stackers Gill 2.4m of shale separates the Uldale Sill
from the Lower Stonesdale Limestone and in Brian Grain the Lower
Stonesdale Limestone is only 60cm above the Uldale Sill. There is no
trace of the Crow Limestone‘at either locality. The Crow Limestone
is also absent in Thwaite Beck (SD 860977),2km to the southeast.
Here”2.4m of shaie separates the top of the Ulgale 5ill, which is
calcareous and glauéonitic,from the Lower Stonesdale Limestone. The
Crow Limestone reappears in Grainy Gill (SD 869970) 1km to the

southeast, as a sandy crinoid-ossicle calcarenite 60cmt thick,
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especially sandy at the base and top.

Small blocks éf coarsely crinoidal Crow Limestone are
seen beneath the Lower Howgate Edge Grit on Long Scar (SD 875959)
but from Long Scar eastwards as far as Stony ¢ill (SD 919953) it
has begﬁ removed by intra-E, erosion preceding deposition of the
Lower Howgate Edge. It reappears at Stony Gill Head (SD 919953)

"~ where 3.7m of very light grey to greyish-orange, siliceous crinoid-
- ossicle calcarenites and crinoid-stem calcirudites outcrop beneath
the Lower Howgate Edge Grit. Crinoid stems, up to 20cm long and

" 2cm in diameter, and thin cherty streaks occur throughout.

Between Stony Gill and Summer Lodge Beck the Crow Limestone is

not exposed but at the latter locality small loose bhlocks of
crinoidal calcarenites are seen beneath the Lower Howgate Edge
Grit.

To the east the Crow Limestone thickens and becomes in~
creasingly siliceous. In Sod Dyke Nick (SD 973954) it is abouf
8.7m thick Dbut apart from 35cm of chert seen 3m above the top of
the Uldale 5ill the lower 3.95m is not exposed although loose
cherty fragments are common. Above,2.95m of highly weathered,
calcareous cherts and siliceous calcarenites outcrop with a 20cm
gap 70cm above their base. The lowest 40cm is a siliceous, de-
calcified, yvellowish-orange-weathering calcarenite,overlain by
calcareous cherts with much organic debris including brachiopods
and crinoid and echinéid debris. These beds are overlain by 2.5m
of laminated chert,capped by a distinctive, pale-grey-weathering,

partly decalcified,calcareous chert 50cm thick.



On Grinton Moor small outcrops of flinty chert belonging
to the Crow Limestone are seen at SE 037955, SE 039975 and SE 031957 put
each ghows less than 2m, Farther cast,near Haggs Gill Bridge
SE 063955),10033 fragments of cherty crinoid-cssicle calcarenites,
calcirudites and flinty and shaly cherts with Hyalostelia spicules
are seen but the next good sections are those around Downholme |

(p.281).

Mallefstagg.

On the east side of Mallerstang the outcrop of the Crow
ILimestone is parallel to the River Eden and occurs high up on the.
side of the valley, On the west side of the dale it passes around
the flanks of Swarth Fell, Wild Boar ¥ell and Little Fell. Splinter
faults trending. southeast-nomthwest from the east end of the
Stockdale monocline displace the outcrop.

On the east side of Mallerstang the Crow Limestone is exposed
in Red Scar Gill (NY 791027), Sloe Brae Gill (NY 792013) and Hell
Gill Beck (SD 794981). In Red Scar Gill (NY 791027), the most
no;thefly outcrop, 1l.5m of chert and cherty calcilutite overlie shale.
The lower Yem is shaly-weathering,slightly calcareous, silty chert
with small brachiopods whereas the upper part consists of siliceous,
silty calcilutite with shell debris. Zoophycos occurs in both lower
and upper parts. In Sloe Brae ¢ill (NY 792013) at least 45cm of
calcdreous, silty, glauconitic chert with phosphate nodules overlies
shale but farther south the Crow Limestone becomes crinoidal. In
Hell Gill Beck (SD 794981) the lowest bed is a cherty, crinoid-

ossicle calcarenite 1l.2m thick but crinoid debris is sparse at the
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base and top which are very cherty. It is overlain by 1m of

calcareous chert. Hyvalostelia spicules are common throughout

but especially abundant near the base and top of the calcarenite.
On_the west side of Mallerstang 45cm -of slightly siliy chert
‘with rare glauconite grains is seen in Fall Gill Sike (WY 775013)
and to the south,in Deep Gill (NY 774003),2m of silty, calcareous,
" glauconitic chert with Hyalostelis spicules, occasional brachiopods
and scattefed small crinoid ossicles, commonest in the upper part,
overlies shale. . Farther west the Crow Limestone crops out in the
~ south bank of Iong Gill (NY 760006) where at least cm of dark grey,
qalcareous chert with phosphate nodules up to lem in diameter is
seen disturbed by faulting. On the nofth flank of Wild Boar Fell the
Crow Limestone pecomes crinoidal. 1In Scandal Beck (SD 758995) 2. Tm
of cherty crinoid-ossicle and -stem éalcarenite is seen in situ but
loose blocks indicate the Limestone to be at least 4m thick. A
.similar section on the northeast end of Wild Boar Fell (SD 765996 )
shows 2.9m of the limestone. The lower l.6m, a slightly silty chert
with numerous Hzalostelia spicules, becomes calcareous upwards and
passes up into 1.7m of cherty crinoid-ossicle calcarenites alse
with Hyalostelia . In Far Cote Gill (SD 766969), 3kn farther
south, the Crow Limestone is a dark grey, silty, calcareous chert at

least 60cnm thick.

Garsdale, Baugh Fell and the Northwest.
In this area the outcrop of the Crow Limestone passés around
the flanks of Baugh Fell and the sumnit of Aye Gill Pike to the

. south but exposures are confined to the streams draining the north
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and east flanks of Baugh Fell.

In Swere CGill (SD 74493%5) a gap of 80cm separates the Crow
Limestone from underlying sandstone. The lowest bed is a medium -to
dark grey, slightly silty calcilutite 65cm thick. It is shaly with
numerous small crinoid-ossicles at the base and slightly
glauconitic with small phosphate nodules ard scattered crinoid and
* shell debris above. A gap of about 3m separates this bed from 1.9m
of shale overlain by at least 60cm of dark grey, laminated chert
with sponge spicules. The chert also crops out in Rawfhey Gill
to the west where it is at least Ycm thick and overlies 1.5Tm of
shale.

Eaét of OUwere Gill the Crow Limestone hecomes coarsely
crinoidal. In Cartmire Gill (SD 753935) and Shorter Gill (SD 761932)
thick to very thick bedded, patchily dolomitised, crinoid-ossicle
and —-stem calcarenites at least 2.05m and 2.45a thick respectively
are exposed. They are very cherty in the upper part and at both
outecrops the uﬁpermost 15cm is a dolomitic crinoidal chert. In
Céaseat Beck (8D 762918) only 40cm of crinoid-ossicle calcarenite
is exposed.

On Aye Gill Pike, south of Baugh Fell, the Crow Limestone is
of similar lithology for Strahan (1891) recorded "a thin encrinital
limestohe gsbout three feet (90cm) thick" on the south and east sides
of Rise Hill.

South of Dentdale the Crow Limestone is absent but it has
not been removed by intra—El erosion since the base of the

Grassington Grit rests on a stratigraphically higher horizon. The
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conformable nature of the succession at the level of the Crow
Lirestone and the absence of evidence of erosion shows that the |

limestone did not accuwmulate in this area.

Upper Wensleydale.

'*he outcrop of the Crow Limestone passes along the nofth
side of Wensleydale from the head of the dale around Lunds Fell
eastwards into Cotterdale. Between Cotterdale.and Fossdale,
because of poor exposure, it is not known if the Crow Limestone
is present or whether it has heen removed by intra-El erosion
preceding deposition of the Grassington Grit. 1In Fossdale Beck
(SD 863958) it is exposed beneath the Grit but farther east it
has been removed. On the south side of Wensleydale it is seen
only at the head of the dale on the southws::t slopes of Swarth
Fell. Elsewhere it has been removed by intra-El erosion.

“he most westerly section in this region is in Goodham
Gill (SD 772950%on the southwest slope of Swarth Fell,where 60cm
of dark grey, silty, calcareous chert with productids and

orthotetids is seen. Rowell & Scanlon (1957) recorded part of

a Megalichthys from this bed and a siliceous plant bed heneath

the Limestone.

On the opposite side of the dale exposures in the streams
draining Lunds Fell are poor. In Washer Gill (SD 797458) 60cu of
calcareoﬁs chert is all that is seen but in Dove Gill (SD 807946)
to the south m of calcareous chert with  sparse crinoid debris
crops out. Crinoid debris becomes nore abundant fo the south and

sast and in Johnston Gill (SD 811942), although only 15cm of
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crinoid-ossicle calcarenite is seen in situ, a loose block of
cherty;coarse crinoir-ossicle and ~stem calcarenite above
indicates a thicker sequehce.

The Crow Limestone is also coarsely crinoidal in
‘ Cotterdale. In Howmea Gill (SD 819965) 1.6m of cherty, coarsely
crinoidal calcarenite is exposed but a more complete section
exposing Tm of the Crow Limestone is seen in Far Howmea Gill
(SD 819968), The lowest 3.2m are medium grey, thin parted cheris
which pass locally into cherty crinoid-ossicle calcarenites where
theif variable content of crinoid debris increases. They are
separated by a gap of 45cm from underlying sandstone and over-
lain by 70cm of dark grey chert with scattered crinoid debris aund
abundant Hyalostelis spicules an the upper part. ‘he uppermost
2.65n are very thick bedded, patchily dolomitised, cherty crinoid-
ossicle calcarenites. A similar succession is exposed in East
Gill (SD 83/96'7) where 4.1%m of the Crow Limestone is exposed
above sandstone. The lowest 2.65m, medium to very thick vedded,
cherty criuoid-ossicle calcarenites are overlain by 1l.48m of chert
with scattered crinoid debris. Hyalostelia spicules are common
throughout.

Bast of Cotterdale the Crow Limestone is next exposed in
Fossdaie Beck 1.8m beneath the Lower Howgate Edge Grit. The
lowest bed, a dark grey, calcarecus sandstone, 36cm thiclk, with
scattered grains of glauconite, phosphate nodules and Zoophycos is
overlain by S0cu of medium grey, laminated, micaceous siltstone,

also with scattered grains of glauconite. The uppermost bed is
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a mediun grey, pyritic, calcareous, glauconitic sandstone,Xcnm
thick with small phosphate nodules and Aoophycos. Iu Upper
Wensleydale, east of Fossdale Beck, the Crow Limestone has been

removed by intra—El erosion.

Lover Wenslevdale.

Over most of this area the Crow Limestone has been
regoved by intra-El erosion preceeding deposition of the
Grassington Grit. On the north side of Wensleydale it is absent
west of Beldon Beck (SD 97493%9) except in the vicinity of Whitby
Gill Head (SD 918952). East of Beldon its outcrop passes along
the northside of the dale as far as Jervaulx Abbey (St 164862)
where it chsses the River Ure. It then trends westwards along

the south side of Wensleydale under East Vitton as far as the
.north slope of Crundel Hill (SE 111856) but farther west and to
the south it is absent.

The nost westerly exposure of the Crow Limestone in this
area is at Whitby Gill Head (SD 918952) where, at least 2.75m of
very light grey to greyish-orange, cheriy crinoid-stem calicarenites
and calcirudites outcrop beneath the Lower Howgate kdge Grit. To
the east several sections are seen in the upper tributaries of
Apcdale Beck, the best at SE 007954. A gap of 2.1m separates the
lowest bed exposed, a crinoid-ossicle calcarenite 50m thick, from
1.7m of medium to thick bedded,dark grey chert with Zoophycos. A
further gap of 1.5m separates these beds from 3.5m of light grey-
weathering, laminated cherts.

Oniy small exposures are seen in the disused quarries
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around Yarker Bank Farm (SE 105915), northwest of Leyburn. The

base of the Limestone isvpoorly seen in Yarker Bank Quarry (SE 108912)
where cherty crinoid-ossicle calcarenites overlie sandstone but
fhicker sections are seen in the o0ld quarries at SE 10491% and

SE 104917 where 4.15m and 3.1m of light grey, siliceous crinoid -~

osasicle calcarenites outcrop respectively. They contain scattered
chert ncdules and a highly chertified horizon about 20cm thick.

" Between Yarker Bank Farm (SE 105915) and Steocp House Quarry
(SE 147902) several disused quarries expose small thicknesses of
light grey, chertified crinoid-ossicle calcarenites with scattered
chert nodules but the best section, in Stoop House Quarry (SE 147902),
shows 4.5m of thin to very thick bedded, siliceous crinoid-ossicle
calcarenites with very thin cherty shale partings. Intense
silicification of the calcarenites, usually in thin bands or
irregular areas, gives them a flinty appearance locally.

Siliceous calcarenites are visible in several small quarries
to the east of Spernithorne (SE 145891) but none exposes more than
1.25m. In the old quarry (SE 152876), southwest of Hollins House,
2.2m of less crinoidal calcarenites are seen with a glassy cheirt in
the upper part and two shales,20cm and 10cm thick, 55cn and 1.15m
above the base of the section respectively.

‘The Crow Limestone was recorded from a boreholé near Croft
House (SE 198883) by the Institute of Geological Sciences (pers.
comm.). The borehole penetrated 18.2m of limestone beneath the
Grassington Grit but failed to reach its base. The lowest 6.88m

and uppermost 7.4%5m encountered were variably cherty crinoid-ossicle
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'calcarenites separated by calcilutites witﬁ Zoophycos.

 South of the River Ure the Crow Limestone outcrops in Red
Beck Gill (SE 121857 ), west of kast Witton,whére it rests on
sandstone. Here it is 6m thick and consists of médiﬁm grey
' érinoid-dssicle calcarénites.with two thin nodular cherts l.l%m
and 1.50m above its base. Phillips (1836) recorded thaf 7 yards
’ (6.4m) of:lime;tone were sunk through in East Witton. As the
village is situated below the fop of the Crow Limestone the thickness
of.limestone must be greater than 6.4m, probably 9m or 10m. To the

south the Crow Limestone has been removed by intra-El erosion.
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7 Fig. 52. Map shewing location of figurad sections of Crow Limestones
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THE CROW LIMESTONE.

DISCUSSION.

| '_The Crow Limestone rests on, or is separated bj a thin
shale from, the Uldale $ill. It is over 20m thick in the
sodtheasfern Barnard Castle Trough but thins southwestwards
and:is absent over the southern part of the Askrigg Bloék and
along the south side of the Stockdale Fault in the region of
Shunner Fell. In the southwest, South of Dentdale, its absence
reéults from non-accunulation as there is no evidence of post-
depositionél femoval. Over the central and southeastern part
of the Askrigg Block non-accumulation cannot be proved because
intra—El_erosion preceeding dgposition of the Grassington Grit
has cut down to a stratigraphically lower horizon. However, the
southerly thimning of the Limestone shown by the isopachs (Fig. 59)
and the decrease in crinoid-debris at the southern most exposure
in the east, together with evidence of non-accumulation in the area
south.of Dentdale, suggests that the Crow Limestone did not
accunmulate over the southern part of the Askrigg DBlock.

The Crow Limestone is also absent on the northern slopes
of Great Shunner Fell in a belt at least 23km and 3km wide south
of, and parallel to, the Stockdale Fault. The sections in Thwaite
Beck (SD 860977) and Stackers Gill (SD 8%8984) show the Uldale Sill
sandstones to be overlain directly by shale. Precise definition
of the area over which the Crow Limestone is absent is impbssible
bécause outcrops are sparse but the nearest surrounding exposures.

of the Limestone provide maximum limits. Northern and southern
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limits are given by outcrops in Great Sieddale (NY 851004; 2Hm
northeast Stackers Gill) and in Grainy Cill (SD 869970; 1% km
‘southeast Thwaite Beck), Fossdale Gill (SD 863958; 2kus south
of Thwaite Beck) and East Gill (SD 837967; 1ikm southwest of
Stackers Gill) respectively. Its western boundary is limited Ly
outcrops in Mallerstang (43%m west of Stackers Gill) but its |
eastern boundary cannot be fixed accurately because the River
Swale has ercded to a lower stratigraphic level. Neveriheless,
isopachs,(Fig.s9) and distribution of facies (Fig.go) of the
Crow Limestone suggest that this area does not extend any great
distance east of Thwaite Beck (SD 860977).

Around this area, but especially to the north, the Crow
Limestone is sandy. The quartz sand decreases in quantity and
grain size away from this area grading distally into silt before
most of the quartz disappears. (Fig.60). The Uldale Sill must,
therefore, have been uplifted above surge base and eroded by currents.
Sand eroded from the sandbank was transported and deposited off the
bank in less turbulent environments where the Crow Limestone was
accunulating. Absence of the Crow Limestone on this sandbank is,
thereforé, attributable to non-accumulation.

The northern limit of the shoal lies somewhere between Thwaite Becl:
(SD 860977), where the Crow Limestone is absent,and Great Sleddale
(ny 851004 ), where it is present; the Stockdaie Fault seens the
obvious boundary. However, because there are no intermediate out-
crops, it is not knownwhether the Crow lLimestone is present or

abgent iumediately adjacent to the Fault. As the Stockdale Fault
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mafksvthe nbrth edge of the Askrigg Block elevation of the Uldale
5il1 must have resﬁlted from uplift of this northern edge. However,
uplift wés only local because the Crow Limestone accumulated in
 Mallerstang,to the west,and to the east. It occwrred only in a

' linear belt parallel %o, and along the south side of, fhe west end
of the Stockdale Fault and terminated where the Stockdéle Fault
pésses westwards into a plexus of émaller faults. Uplift could
vhave resulted from local upward tectonic flexuré unrelated to
faulting and/or by movement on the Stockdale Fault. Zoth are
feasible as the northern edge of the Askrigg Block is merked by a
faulted monocline (the Stockdale Fault and Monocline) but as the

- Stockdale Fault appears to mark the northern iimit of uplift,
movenent on the Fault seems most likely. Absence of outcrops

near the Fault makes it impossible to determine whether or not it
broke fhrough to the surface. Even if it reached the Sufface an
abrupt éubmarine scarp would not develop as the unlithified,
waterlogged and therefore unstable sand of the Uldale $ill would
be unable to maintain steep gradients. As faulting occurred the
mobile sand would presumably slump although there is no evidence
of slumping in the outcrops nearest the Fault.

. Upward movement of the northern edge of the Askrigg Block
along the west end of the Stockdale Fault is also supported by
isopachs.Ofvthe Uldale Sill (Fig.63 , after Rowellv& Scanlon, 1957)
which show it is locally thin in an east-west belt parailel to, but
just south of, the west end of the Stéckdale Fault. Maximum uplift

occurred lkm to 1.5km south of the Fault rather than immediately
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to the south probably due to drag on the Faﬁlt.
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Fig. €3. Isopachs of the Uldale Sill in the vicinity of the

Stockdale Fault (after Rowell & Scanlon, 1957).

Local thinning of the Uldale Sill in this area indicates post-

depositional renoval, attenuated deposition resulting from uplift before

depositioh was complete or both. Sand in the Crow Limestone derived

from the Uldale S5ill records at least some post-depositional removal.

If all the local thinning is due to post-depositional erosion then the

isopach map (Fig.63) shows more than 6m of Uldale Sill has been

removed.

The Uldale Sill was elevated during accumulation of the lower

and upper parts of the Crow Limestone because both contain sand. The

presence of sand only in these parts may be related to two phases
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of uplift,possibly two main phases of movement on the Stockdale
Fault, or two periods of sand redistribution.

Déposition over the uplirted area comnmenced before
‘accumulation of the Lower StonesdalebLimestone which shows no
change ih lithology or thickness over this area. The uniform
thickness and lithology of the Lower Stonesdale Limestone suggesté
vthat it may have been accumulated approximately parallel to the
geoid. If thisvapproximation is correct then estimation of the
relative movement on either side of the Stockdale Fault can be
made. In Whitsundale, about 4km north of the Stockdale Fault,
the distance between the top of the Uldale Sill and base of the
Lower Stonesdale Limestone is about 17.4m whereas 0.75km south of
the Stockdale Fault it is 2.4m in Thwai‘e Beck (SD 860977) and
Stackers Gill (SD 838984) and only 60cm in Brian Grain (SD 841983).
This gives a maximum difference in thickness of ahout 16.8m. If
variation in thickness of the Uldale ©ill is also taken into account
a movement of at least 23m is obtained. This is the minimum
movement beéause it is calculated using sediment thicknesses after
conpaction. As only a thin shale separates the Lower Stonesdale
Limestone from the Uldale Sill south of the Stockdale Fault but
thick shales occur in this position north of the Fault, total
compadtion must have been much greater north of the Fault.
Calculation using a_compaction of 50% for the shales gives a total
movenent of about 40m.

The lower part of the Crow Limestone is also sandy in

Swere Gill (SD 744935) and silty in the area to the northwest
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(Pig.60 ) but it is unlikely the sand and silt came from the sand
bank SOuth of the Stockdale Fault as intermediate outcrops contain
no quantity of sand or silt. The distribution of sand and silt
suggests a westerly source. Uplift on the Dent Fault may have

| raisedbthe Uldale Sili locally and allowed redistribution of

its sand by currents, similar to thg uplift on the south side of

" the Stockdale Fault. Although specuiative because there are no
outcrops farther west, if a sand bank did develop in this area it
would be‘at a similar distance from the northwest corner of the
Askrigg Block as the sand bank on the south side of the Stockdale
Fault. Otresses attempting to uplift the northwest part of the
Askrigg Block during accumulation of the Crow Limestone may have

’failed to uplift the northwest corner but succeeded in upliftiné
its edges immediately to the east and probably inmediately to the
south.

In the southwest Barnard Castle Trough,immediately north
of the sandbank on the south side of the Stockdale Fault, the Crow
Linestone consists of two thin cherts with abundant sand, glauconite
and phosphate nodules, separated by a very thick shale; the only
exception is in Birkdale Beck (NY 853011) where the lowest bed is

a sandstone. The shale, which reaches a maximum thickness of 5.75m
in Hoods Botton Beck (NY 863U38) Skm north of the sandbank, is
locally thick in this region,a result of more rapid subsidence and/
or ipfilling of a depression in the sea floor. The unique lithology
of the non-shale beds here and their extreme thinness shows the

environment of deposition was much different from the surrounding
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area., The accumulation of sand and glauconite from the
sand vank and the abundance of phosphate in this region (p_ 326 ),
suggests that this area was a small basin during accumulation.
of thevCrow Linestone. Local uplift on the south side of the
X Stockdalé.Fault was, therefore, accompanied by downwarp on the
north side of the Fault. In Swere Gill (SD 744935) the Crow
Limestone also contains a thick shale (prooably about 4.9m) and
is similarly thought to have accumulated in a basin behind a
sand bank located farther west (p.322). This is supported oy
the presence of only small crinoid debris in the lower part of»
the Limestone,even though neighbouring outcrops are coarse
crincid-stem calcarenites and calcirudites, and the presence of
quartz sand and silt, glauconite and phosphate nodules.

Aithough scattered glauconite is.seen in Swere Gill
(SD 744935) it is most abundant in the centre of the basin to the
nerth of the Askrigg Block where the lower and upper palts of the
Crow Limestone are thinnest. Its overall distribution is similar
to that of the sand, most abundant to the north of, and decreasing
away from, the sandbank. ts distribution shows it formed on the
sand bank and, like the sand,was redistributed by currents during
accunulation of the lower and upper parts of the Crow Limestone.
Evidence of glauconite formation on top of the bank is seen in
Thwaite Beck (SD 860977) where the Crow Limestone is absent and
the top of Uldale Sill is glauconitic and reworked. The oolitic
structure of many of the glauconite grains (p403) also suggests

formation in an agitated environment and its occurrence in small



lenses in the basin records transportation. The glauconite cannot
be derived from.the Uldale Sill because it contains no glauconite
except where its top has been réworked. The scattered grains of
glauconite seen in Swere Gill (SD 744935) are thought to heave
" formed on a sand bank farther west (p. 322).
‘Although rare or sparse scgttered grains of glauconite are
"found in many of_the Yoredale Limestones they are so abundant in
the Cfow.Limeétune, in places.forming nore than 50% of the Limestone,
that they merit special consideration.

Many theories have been proposed regarding the origin of
glauconites Murray & Renard (1891) and Collet (19%08) proposed
the co-precipitation of Mg, Fe, Al and 3Si gels to which K_was
attracted whilst others, including Collet (1908), Takahashi & Yaéi
_(1929) prbposed the alteration of mud._ The first theory to receive
widespread support was that of Galliher (1935 a & b, 1936, 1939)
developed from the work of Hummel (1923) and Alexander (1934) which
stated that biotite could bé converted to glauconite in a marine
environment. The 'booklet' grains of glauconite in the Crow
Linestone certainly developed from mica derived from the Uldale
Sill because the mica flakes are seen in all stages of glaucon-
isation (p.4o4). However, these grains form only part of the
glauconite and it seems unlikely that the glauconite with an oolitic
structure is an alteration product of biotite (p,403_. Biotite
is not the universal precursor of glauconite and the formation of
glauconite from biotite is regarded best as a specific case of

the modern 'layer-lattice' theory proposed by Burst (1958 a and b)
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(McRae; 1972). According to Burst (1958 a and b) the format;on of
glauconite, essentially an illite/montmorillonite structure,
required simply a degraded silicate lattice,.a plentiful supply.
of irpn and a suitable redox potential.

The only natural watem.carrying significantly large
| quantities of iron in solution are certein bicarbonate and bicarb-
onate-sulphate ground waters, ra?e'hot springs in volcanic areas
_and some fresh waters with iron as organicually peptised ferric
colloid or organic complexes. Most of the iron produced by
present day erosion is transported to the ocean by colloidal
ferric hydroxide aS adhering oxide on clay minerals or as
chemically bound ions in clastic mineral particles. Accumulation
of iron-rich sediments requires only that the chemical factors
governing precipitation (pH and Eh) be just right; neither the
concentration nor quantity of iron in the waters at a given time
need be excessive (James, 1954).

Glauconite is forming to-day in all oceans of the world,
mainly on continental shelves (Cloud, 1955). Although it has
been recorded fron lacustrine and continental deposits (Jung, 1954;
Dyadchenko & Khatuntseva, 1955, 1956; Keller 1958, 1959; Nicholas
1961; Parry & Reeves, 1966; Porrenga,1968) it is usually found in
marine sediments. It can form in moderatelyanaerobic(Ioc}man,
1949; Cloud, 1955) to strongly oxidising (Van Andel & Postma, 1954;
Emery, i960) envirdnments but slightly alkaiine conditions
(pH7 - pHB) seem favourable Tfor its genesis (McRae, 19719. The

glauconite in the Crow Limestone formed above surge base in an
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oxidising marine envirorment on top of a sand bank but was
t;ansported and accunulated under reducing conditions in a semi-
stugnant basin ( Fig.62, p.316).

The occurrence of glauconite as casts of foraminifera or
' fecél péllets led many esrly workers to suggest an active, living
organic agency was required ror glauconive farmation but it is
now believed the presence of'¢rg§ﬁisms is nct absolutely -
necessary (HcRae, 197.). Glauconite is most abundant and widespread
in warm shelf areas; only rarely does it form at depths greater
than the shelf margin. Temperature limits of 15°C (Porrenga, 1967
‘and 20°C (Takahashi & Yagi, 1929) have been given (McRae, 1972)
but it is unwise to regard glauccnite as a reliable temperature
index (Cloud & Barnes, 1948). Its genesis is also favoured by a
low sedimentation rate (Murray & Renard, 18Y1; Goldman, 1921,
1922; Hadding, 1932; Cloud, 1955; Muller, 1954) becsuse it forms
most readily at the sediment water interface and rapid sediment-
ation arrests -developing glaucoriis grains. Such conditious
are frequently encountered at undonfornities and stratigraphic
breaks (McRae, 1972).

Behind the sand bank in the basin centred around
Whitsundale and in the basin around Swere Gill, phosphate nodules
accumulated. Although rare transportation of some modules can be
proved (Plate 86) wost have grown in situ because they incorporate
sediment similar to.the surrounding matrix, including grains'of
quartz and glauconite (c.f. Emery; 1960),and the surrounding

sediment is compacted around them. In contrast to the matrix
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which contains only occasional spicules of Hyalostelia most of
phosphate nodules centain abundant-small monaxid sponge spicules.
Phosphate deposits have been considered to result from
catastrobhic killings of animals (Murray & Renard, 1891),
-accumulations of the phosphétic hard parts of organisms during
periods of non-depocition (Miller, 1896) and in stagnant basins
- where regeneration of phosphate froh falling organic debris cannot
ocecur (Mansfield, 1927; Rankana & Sahamna, 1950), coprolitic or
fecal accumulations (Blackwelder, 1926; Amstutz, 1958) and cﬁemipal
precipitates (Dietz et al, 1942; Emery, 1960, Tooms et al, 1969).
Phosphate is extracted from sea water by many living
organismé and concentrated in their hard parts. Abnormal
concentratious of bones, teeth, fish scales or invertebrate hard
parts can produce phosphate rich beds. Phosphorus ,like iron, is
present only in spall amounts in sea watar but can be precipitated
in important quantities locally if conditions are favourable
(Krumbein & Carrels, 1952). Phosphate is forming to-day mainly
in areas of very slow or non-deposition on shallow water platformé
near the border zone with deeper basins (Dietz et al 1942; Enery,
1960) where cold upwelling currents meet warmer water. The pH of
the water in the cold upwelling currents rises as its temperature
increases, thebpartial pressure of CO2 decreases and the water
becomes saturated with phosphate which is precipitated chemicall.:
or removéd by organisms,in either case eventually resulting in
" phosphate deposition. The role of biogenic versus abiotic

precipitation is not understood fully. VPrecipitation of chenical
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sediments may result from organic or inorganic processes but pH
and Eh of the euvironment are the general controls on chemical
sedimentation which include both inorganic reactions and bio-
chemical processes (Krumbein & Garrels, 1952). Phosphate shows
a strong tendency to migrate during diagenesis and diagenetic
and metasomatic processes are often very important (Mansfield,
1927).

Rowell ¢: Scanlon (1957) consider fhe phosphate nodules
in the Crow Limestone are copruvlites because they contain much
organic debris,dominantly sponge spicules. They record two
generations of phosphate,- the coprolite acting as a nucleus
for the second generation, which formed contemporaneously because,
"minute bedding planes in the overlying glauconite rock curve
smoothly over the phosphate body". If the presence of spicules
in the phosphate 1.0odule is used to suggest a coprolitic origin
then the second generation of phosphate nust also be considered
coprolitic as it too contains spicules.

Variation in size and shape or the nodules,and the presence
of qﬁartz sand and glauconite in them, suggests they are not
coproiites. .The phosphate nodules forumed before compaction of the
sediﬁent as laminae in the surrounding rock are distorted around
then. They contain sediment identisal to the surrounding rock
and are thought to have grown in situ on,or just beneath,the
sediment surface. Their primary or syngenetic origin is thought
to result from remobilisation of phosphate under reducing conditions

(pyrite is also seen in the rocks) to centres of accretion. Euery
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(1960) recorded similar in situ growth of phosphéte nodules off
the coast of Southern California but could prove in situ growth
as.besides containing sediment $imilar to the surrounding sediment,
thé phosphate nodules were also encrusted by organisums.

’ The abundance of spicules in the phosphate and their
Scarcity in the surrounding rock is explained in terms of sediment
prese:vation. ‘“he phosphate nodules, certainly early ifeatures,
have preserved part of the sediment as it was imwmediately after
deposition before compaction.

The sponge spicules, almost certainly originallyfsiliceéus (p.406l
were initially abundant throughout the sediment, but, during
diagenesis, the silica.dissolved. rhe phosphate preserved most
spicules as casts which were later infilled by ferroan dolomite‘
but elsewhere, in the matrix they dissolved without trace. The
silica released by dissolution of the spicules was later
precipitated as chert to form the matrix of the sediment.

The features controlling the deposition of phosphorite
(essentially tri-calcium phosphate) are very similar to those
of calcium carhonate {(Krumbein « Garrels, 1952). Neither ion is
arfected by Eh changes within the limits which occur in nature.
The phosphate jon, hoﬁever, is strongly pH dependent, consequently
Phosphorite solubility in sea water decreases with increasing pH,
its solubility curve being essentially parallel to that of calcium
carbonate,although the absolute values are much less (Krumbein &
Garrels, 1952).

As the absolute solubility of calcium phosphate is
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considerably less than that of calcite, and because the solubility -
pH curves are nearly parallel, precipitation caused by pH increase

of sea water saturated with both compounds will result in a sediment
couposed almost entirely of calcite with only a trace of phosphate.
‘Thus a sediment rich in calcium phosphate and low in calcium carbonate
cun be formed only where conditions.permit the precipitation of calcium
" as the phosphate and in which the activity product of the carbonate

is not exceeded. This could occur in a reétricted basin with a
relatively low pH (7.0 - 7.5) in which environment CaCo., would not be
expected to fo;m (Krumbein & Garrels, 1952). Phosphorite precipitates
in the pH range 7.0 (Krumbein & Garrels, 19523 7.1 Kazakov, 1950) to

7.8 (Krumbein & CGarrels, 19%2) when CaCO., becomes the major phase.

3
The association of glauconite, phosphate and chert is well
known (Goldman, 1922; Wetzel, 1937; Kazakev & Isakov, 1940;
Carrozi, 1958, 1960; Enery, 1960; Litvinenko, 1965; Rooney & Kerr,
1967; Bailey & Atherton, 1969). Although the glauconite formed in
oxidising conditions con a sandbank it accunmulated finally in a
bésin where phosphate nodules were forming under reducing conditions
” and é slightly lower pH than usual. Water convection in the basin
was impeded but inflow of oceanic water must have been sufricient
to supply the phosphorus reguired. The absence of an abundant
varied fauna where the Crow Limestone is glauconitic and phosphatic
is evidence for semi-~-stagnant conditions. Only sponge spicules are

coumon and these may have been transported into the basin friom the

area adjacent to the sandbank. Crinoids, abundant in the Crow
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Linestone elsewhere, are absent in the basin north of the
Stockdale Fault although rare brachiopod shell fragments are seen.
The only common fossi1 is that'belonging to the ichnogenus
Zdonhzcos, which,being a sediment ingeéting organism, probably
~ had a>low'oxygen requirement.
On the Askrigg Block the Crow Limestcne conéains abundant
'_crinoid debris except in Fossdale Beck,where it is adjacent to
tﬁé'sand bank and consists of an upper and lower calcareous
sandstoue separatéd by shale,and in the area between Baugh Fell
and Wild Boar Fell where a small basin developed (p.323). It is
also'crinoidal in the northern part of the Barnard Castle Trough
except in the west where the other basin developed north of the
.Stockdale Fa;lt. Absence of crinoids from the basins is probably
a result of unsuitable envirommental conditions rather than too
great a water depth. Current transported crinoid debris did not
reach these areas for its absence is unlikely to result from non-
preservation. The crinoid debris, therefore, appears to have
undergone iittle transport and thick accumulations of crinoid
debris prebably indicate areas where crinoid growth was prolific
and sustained. Their absence from the sand bank is clearly related
to instability of fthe substrate and its susceptibility to erosion.
Although‘prolific crinoid growth is often associated with
development of bioherms in Linestones of the Yoredale Group no
bicherms have been found in the Crow Limestone although they could
be present but not exposed.

In the west where the Crow Limestone is nct cut out by
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the Grassington Grit, the crinoidal.Limestone thins out completely
south of Dentdale and,where last recorded on Rise Hill (Strahan,'
1890),isxonly cm thick. The lack of any 'sign of ervsion
indicates its absence to the south results not from post-
depositional removal but from non-accumulation. It seems that
crinoids did not colonise the area south of Dentdale . Although V
' the CrOW'Limestone is cut out by the Crassington Grit farther éast
-the Limestone probably did not accumulate.over any of the southern
part of the Askrigé Block (p. 317).

Hyvalostelia is widespread in the Crow Limestone but is -
especially abundant in plaqes where the Crow Limestone is coarsely
crinoidal and siliceous. Spicules are abundant in the area around
the sand bank'and basin south.and north of the Stockdale Fault
respectively, in Mallerstang, on ABbotside Coumon and around
Blakethwaite. They seem to have accompanied the crinoids and
sonetimes occur in bundles on bedding planes suggesting little
disturbance.

The Crow Limestone contains several.shales in the northeast
but a thick, persistent shale can be traced over the southern Barnard
Castle Trough. It is_thickest in the basin developed locally
around Whitsundale and reaches 5.75m in Hoods Bottom Beck (NY 863038)
but regionally thins southwards. On the Askrigg Block the shale is
thickest in the basin developed locally around Swere Gill (SD 744938)
where it is probably about 4.%m thick altheugh only 1.9m is exposed.
It thins away from this region and elsewhere and is thin or absent.

Lack of complete exposures of the Crow Limestone makes determination
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of its limits impossible but it is absent in the most southerly
exposures,

The Crow Limestone is cherty at least in part over the
entire Askrigg Block except in the area immediately adjacent to
‘the sand bank on the south side of the Stockdale Fault. Bedded
cherts are best developed in the central and eastern parts of thé
" Barnard Castle Trough and along theAcentral and eastern parts of
~the north edge of the Askrigg Block, areas where the Crow Lime-
stone is thickest. They are most Irequent in, and commonly
comprise nost of, the upper part of the Crow Limestone above
the thick shale. Only rarely are cherts encountered which contain
no cérbonﬁte. These are bedded, sometimes laminated and often
contain abundant,monaxid,siliceous sponge spicules. liost are
usually at least slightly calcareous with a variable content of
crinoid and bryozoan debris, small brachiopods and sponge spicules
including Hyalostelia . Small horizontal burrows of Zoophycos
type are common in the argillaceous and calcareous cherts but do
not occur in the highly siliceous laminated cherts. 7The bedded
cherts, more fully discussed on p. 387, are often interbedded with
variably chertified shales, calcarenites and calcilutites between
which there is conplete gradation. Silicification of these beds
Varies from selective microscopic replacement,through development
of isolatgd chert noduies and patchy silicification,to silicification
of the entire rock whether carbonate or shale. Where silicification
of carbonate has occurred,the beds are frequently secondarily

dolomitised. The relationship between dolamitisation and
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'THE CARBONATE ROCKS.
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THE CARBONATE ROCKS.

a) Introduction.

The_carﬁonate rocks encountered in this study consist
'fundamehtally of three end members, skelefal carbonate (dominantly
- crinoid debris), micrite and sparite. A conplete gradation exists
- between riomicrites and biosparites but wﬁereas biomicrites are
coumon, biosparites are rare.

Crinoids, brachiopods, corals, bryozoa and algae.are
sometimes seen in or near théir sites of growth and occasionally
form bioherms or biostromes but nost of the skeletal carbonate is
poor sorted crinoid and brachiopod debris with subsidiary bryozoan,
molluscan and echinoderm fragments. Foraminifera, ostracods,
blastoids and sponge spicules are also seen. Recognisable bioclasts
range from silt to rudite size but most of the unidentifiable silt
and micrite is probably also comminuted skeletal carbonate.

Although pelletoids and intraclasts can be recognised, carbonate
00liths are unknown from the limestones studied.

Non-carbonate coumponents such as quartz sand, silt, clay
minerals, glauconite, phosphate and chert are sometimes abundant
and there is conplete gradation between carbonates and cherts, shales,
mudstones, siltstones and sandstones. The transition of one litholegy:
invo another makes any division of the rocks artificial but it is
conveniernt to divide the spectrum of rock types into carbonates
(calcilutites, calcsrenites, calcirudites, bhioherms and bioétromes;

whose ¢lassification is discussed below) sherts, arenites and lutites.
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b) Petrogruphic Classification.

As stated previously (p.21), no single classification can
encompass all the features observed in carbonate rocks. It is

necessary, therefore, to select or construct a classification

| which subdividescarborate rocks into well defined, meaningful

groups. Highly specialised classifications which incorporate a

‘limited number of' specific parameters only are of little use

in a general sedimentological study of Yoredale Limestones.
Similarly, genetic classifications are unsuitahle because the

sediuentology must be interpreted from data collected as object-

ively as pussible, not inferred. The classification used in this

study (fig.64 ) is vased on that proposed by Folk (1959, 1962)
because it is descriptive, practical and comprehensive but

some of the parameters used by Dunham (1962).
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Fig.64. Classification of Carbonate Rocks modified after Folk (1959, 1962)

and Dunham (1952)‘
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Folk recognises three fundamental constituents in carbonate
rocks, discrete carbnuate aggregates (allochems), microcrystalline
carbonate voze \micrite) and sparry carbonate cenment (sparite).

Four types of allochems are distinguished, intraclasts, coliths,

' bioclasts and pellets which,together with micrite and sparite,form

the basis of his classification. Rock names are formed by combination
~ of roots and names given to the baéic components, the first referring
to the allochem. the second to the interallochem material. In
addition the affects cf neomorphism are also recorded.

Many people have critised the weaknesses of various carbonate
rock classifications but few have suggested constructive alternatives
or improvements. However, the Folk classification has been modified
for use in this study. The main difference between the modified
classification used here and the Folk classification is the distinction
betwveen grain-supported and mud-supported carbonate rocks. This
subjective distinction was stressed by Dunham {1962) and is more
significant than division based on an arbitary allochem percentage
as used by Folk (1962). Dunham (1962) experimentally sedimented wet
grains in quiet water to determine the packing of different shaped
grains. A 65% grain bulk and 60% grain solid was recorded using well
sorted, rounded, highly spherical balls but 1.9zm lengths of red algue,
for example, had a grain bulk of only 205% and a grain solid of 15%,
Thus, although both types of grain form a frauwework, Folk would classify
the former as packed and the latter as sparse but in the modified
classification they are both described as packed. The new classes

defined are approximately equivalent to those outlined by Dunham (1962);
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sparites correspond to grainstones, packed micrites to packstones,
sparse nicrites to wackestones and micrités with less than 10% allochenms
to.mudstones.

Although Folk defines intraclasts as "fraguents of
penecontemporaneous, generally weakly consolidated,carbonate sediment
that have been ercded from adjoining paris of the sea bottom and re-

" deposited to form a new sediment" he later goes on to say "intraclast
should ﬁe used as a broad class without specifying the precise origin...
..for most rocks one would have to use the non-comnittalterm intraclast".
These two statements are contradictory. The former definition for
intraclast is used here. 1In many rocks distinction between intraclasts
and pellets is impossible, a problem recognised by Folk (1962). Folk
sugggsted that anything above 0.2mn in diameter should be termed an
intraclast and anything below 0O.2mm a pellet because invertebrate faecal
pellets are usually less than O0.2mm in diameter. This arbitary divisién
is totally unacceptable when the terms intraclast and pellet have been
defined specifically. Clearly a term is needed for allochems of
cryptocrystalline or microcrystalline carbonate, irrespective of their
origin which wouid include unidentifiable intraclasts, pellets and
micritised and coated grains. For such allochems McKee & Gutschick
(1969) proposed the term 'peloid' which unfortunately has sometimes been
adopted in the literature. Peloid, though admittedly concise, is not
only incgrrect gramnatically but is of uncertain derivation. Peloid
means pel-like. Whét is pel? Is it derived from pelite or pellet?

A much better term for these allochems and used in this study is the

term 'pelletoid' (Folk, 1962; Milliman, 1974).



Probably thé main weaknesses of tﬁe Folk classification are the lack of
enphasis on silt-sized particles and the grouping of aggregated particles
such as grapestone (Illing, 1954) as intraclasts. The processes of
rounding, sorting and washing were also oversimplified by Folk and require
great care in interpretation. However, providing the limitations are
recognised,; the classification proposed here modified after Folk (1959,

1962) and Dunham (1962) provides a practical way of classifying the

carbonate rocks encountered in this study. Crystal size is described
according %o Folk (1959).

Quantitative estimation of component percentages was achieved
by point counting. The graphs produced by Dryden (1931) and later
corroborated by Hutton (1950) show that a count of 400 points has a
permissibly small sampling error and, on the basis of this, 400 point
counts were made across the +thin section along several evenly spaced
traverses perpendicular to any size grading or lamination. A greater
degree of accuracy than this is not warranted in quantitative analysis
of most carbonate rocks because lateral differences in rock composition
over distances of a few centimetres are likely to vary more than the

probable sanpling error (Stauffer, 1962).
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CALCILUTITES.

The calcilutites include carbonate rocks with a mean allochem
dinneter of less than 1/16mm and mud-supported carbonates in which
allochems of arenite or rudite size 'float' in a micrite matrix.

.Thé most common calcilutites are sparse biomicrites. These have
greater thgn 10% allochems but are not grain supported. Rarely

' bioclastie micrites with 1% .ze 10% allechems are encountered but
they form only a small proportion of the sediments studied. Although
calcilutites are seen in the field which apparently contain no
allochens, in thin section micrites with no allochems are unknown.

a) Bioclastic Micrites.

Bioclastic micrites, carbonates with 1% to 10% bioclasts
'floating' in a micrite matrix, form some of the argillaceous
calcilutites in the Lower Parting (Plate 25 ) including parts of
the bioturbated calcilutite at the top Q Plate 26 ), small areas
of the calcilutite bioherm cores in the Cockleshell, Scar and

.Underset Linmestones and some of the upper part of the Underset
Limestone where it is cherty and bioclastic debris is sparse. They
are also occasionally seen interbedded with the calcareous cherts
above the Underset Limestone but quantitatively bioclastic micrites
constitute only a minor part of the carbonates studied.

b) Sparse Biomicrites.

Nearly all the calcilutites encountered in this study are
Sparse biomicrites, carbonates with more than 10% bioclasts but
which are not grain supported. Most of the limestone in the Lower

Parting, and the‘Cuckleshell‘Limestone and lowest bed of the Scar
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Limestone away from the bioherms,are of this lithology. 'Sparse
biomicrites also form some of the calcilutite bicherm cores, the
matrix of the coral biostromes where dominated by colonial corals,
some of the upper part of the Underset Limestone where it is cherty
and are occasionally seen in the cherts above the Uncerset Limestone.
The ‘sparse biomicrites in the Lower Parting (Plate 25) like the
bioclastic micrites, often contain very little crinoid debris. The
allochens, frequently of silt size, are éften dominated by
brachiopod debris including productid spines, though crinoid,
molluse and bryozoan debris is usually present and foraminifera are -
sometimes common. In the bioturbated horizon at the top of the Lower
Parting (Plate 2g ).burrowing has produced an irregular distribution
of the sparse bioclastic debris. It is very sparse in the burrow
infills but relatively more common outside and,near the burrows,is
sometimes oriented parallel to the burrow walls. The burrow infills
contain fine disseninated pyrite and goethite which on weathering
produce a piﬂk to red haematite stain giving the rock its characteristic
nottied appearance. They often contain small, commonly concentric
or radial,diagenetic fractures now infilled with calcite cement.
Compaction structures around some of the burrow infills suggests they
were lithiilied earlier than the surrounding sediments.

¢) Sparse biopelmicrites and sparse pelmicrites.

Poorly defined, ellipsoidal,uicrospar, pelletoids up to 0.lmm
in diameter are often seen in the bioturbated bed at the top of the
Lower Parting. Their uniformity in shape, small size and association

with bioturbation suggests they are likely to be fecal pellets. 1In
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places they are sufficiently abundant to form sparse biopelmicrites
or more rarely sparse pelmierites (Plate 27).

d) The Orizin of Carbonate Mud.

The genesis of carbonate mud has been attributed to inorganic
precipitation and the breakdown of organic skeletal carbonate and is
the subjectkof an extensive literature.

In the Bahamas both organic and inorganic origins have been
proposed. Drew (1914), supported by Kellerman and Smith (1914 ), first
suggested that it was precipitated by the action of denitrifying |
bacteria but later Lipman (1924, 1929 vhilst admitting that suitable
bacteria‘exist, discounted this theory because the bacteria were not
sufficiently abundant. Black (1933, considered that the high
concentration of salts and the accompanying loss of 002 combined
to induce precipitation. Lowenstam (1955) decided that bacterial
breakdown of codiacean algae provided a very important source put the
016/018 isotope ratio studies made by Lowenstam and Epstein (1957)
did not satisfactorily demonstrate an algal origin to the exclusion
of inorganic precipitation. Cloud {(1962),using a chenical approach,
concluded that ail the Bahama Bank aragonite mud could theoretically
be inorganic in origin.

Work on strontium contents of carbonates in the Persian Gulf
.by Kinsman (1964) showed the carbonate wrud was similar to
inorganically vprecipitated aragonite and concluded that at least 80%
to 90% of the mid- and inner-lagoon carbonate mud and pellets are
inorganic precipitates. They cannot be derived from breakdown of

calcareous algae or corals,since they are too scarce,or from
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digintegration of mollusc shells which have a different s#rontium
content. Neverthless, precipitation is probably controlled
physiologiqally by the activity of algae (Kendall and Skipwith,
1969&).

| Clouds of aragonite needles (whitings) have been observed
in the Bahamas and in the Persian Gulf but it has not been proved’
beyond doubt whether they result from inorganic precipitation or
from disturbance of sea-floor carbonate mud by currents or shoals
of fish.

A study of carbonate sediments off the coast of southern
British Honduras by Matthews (1966) showed that biological breakdown
and mechanical disintegration of carbonate skeletons are the dominant
processe& in the genesis of carbonate mud. Physical breakage and
abrasion are most important in the agitated environments on the
éarbonate shoals whereas in the lagoons, although there is influx
of coral and algae derived carbonate mud from the shoals, carbonate
mud is forming in situ by the breakdown of carbonate skeletons,
dominantly of molluscs and forams. The inherently fragile mollusc
shells and hyaiine foraminifera ftests inhabitating the lagoons are
broken down by the removal of binding material, by boring micro-
organisms, mastication, ingestion and perhaps even simple movement
of sediment by the vagrant benthos.

| ‘Stockman et al (1967) quantitatively estimated the annual
production of carboﬁate nud by skeletal breakdown in Florida Bay and
the nearshore part of the Florida reef tract and concluded that the

rate of breakdowr of indigenous skeletons,dominantly the ubiquitous
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codiacean Penicillug buf also other algae, molluscs éﬁd corals,
is more than endugh to account for the total accumﬁlation of
- carbonate mud.

It appears that large quantities of carbonate mud can
_ form in a variety of ways but that in most cases organisms are
involved, either directly or indirectly, in its genesis. Its origin
is elusive in modern carbonate sediments but presents.an evén gréater
problem in ancient carbonates where the mineralugy, chemistry,
constituentsvand fabric of the original sediment are obscured by
diagenesis and the faunas and floras are less well known than those
of the present day.; Nevertheless with insight gained from the
studies of modern carbonate enviromments it is interesting to .speculate
-about the origin of carbonate mud in the Limestones of the Yoredale
Group on the Askrigg Block.

One of the striking features of most of the carbonates
encountered in this research>is their high content of bioclastie
material, dominantly crinoid and brachiopod debris,and carbonate mud.
The abundant skeletal carbonate clearly was a possible source of
carbonate mud after organic and/or riechanical diéintegration. Although
algae are not common in the carbonates studied, except as oncolives
in a thin horizon near the top of the Scar Limestone over the.north-
west part of the Askrigg Block (p.140) and possibly in the calcilutite
bioherm cores (p.359), calcareous algae may have been an important
source of carbonate mud after post-mortem disintegration. Micritisation
of allocheﬁs, although recognised, does not seem to have been

responéible for production of carbonate mud in quantity. The possibility
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that the carbonate mud formed by inorganic chemical precipitation
cannot be evaluated here._

Concluding, the abundance of organic debris in the carbonates
studied and the relationship of crinoid abundance, crinoid size and
bioherm development wifh limestone thickness shows that production
6f organic skeletal carbonate was the main control on the rate of
carbonate gccumulation. This, together with variation in size of
skeletal debris down to silt grade (below which size identification
of skeletal carbonate is impossible),suggests that nmuch qf the
carbonate mud is a product of biological and mechanical breakdown
of organic skeletal carbonate rather than a result of inorganic

chemical precipitation.
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CALCARENTTES.

Calcarenites form the bulk of the carbonates studied and
consist of a framework of dominantly arenite-sized allochems
with a micrite matrix or occasionally sparite cement.

a) Packed biomicrites.

These form the largest part of the carbonates studied
and consist of a framework oy arenite sized bioclastic debris with
interallochen areas dominated by micrite.(Plate 29),Packed
biomicrites comprise nearly all the Single Post Limestone, except
in the extreme southeast, some of the Cockleshell Limestone vwhere
peripheral to biogenic mounds and most- of the Scar Limestone.
They also form the Underset Limestone except where biogenic mounds
are developed and in some places where its top is cherty and most
of the carbonates in the Crow Limestone except where it is very
coarsely crinoidal. Packed biomicrites are also found interbedded
with crinoid-stem calcirudites capping and flanking the bioherms.
The packed biomicrites consist dominantly of ill-sorted
crinoid and brachiopod debris of whicp crinoid debris is nearly
always the most ahundant. Bryozosn debris is often common in the
vicinity of bioherms bpt,like mollusc fragments,usually forms only
a minor part of the skeletal carbonate. Where argillaceous the
packed biomicrites often contain stylolites and frequently the
constituent allocheps have sutured contacts (Plate 51). |
b) Biosparites. |
The biosparites consist of a framework of arenite sized

allochems with interallochem areas dominated by carbonate cement.
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They are usually found interbedded with packed micrites capping and
flanking the bioherms (Plate 30). The carbonate cewents are discussed
in the section on cementation . {p.362) but much of the intergranular
porosity is usually filled with syntaxial calcite overgrowths on
érinoid fragments (Plate 45). The cement may be entirely non-ferroan
calcife or initially non-ferrcan and later ferroan.

Biosparites also occur in places over the northwest part of
the Block where carbonate mud has been winnowed from the biomicrite
adjacent to the sand lens in the Lower Parting of the MHiddle
‘Limestone. Here the bioclasts are rounded, associated with scattered
very fine to medium grained quartz sand and sometimes have-micritic
rims(PlateElﬁAlthough non-ferroan calcite cement is seen, sometimes
as synt;xial rims, most intergranular and often intragranular porosity

is filled with ferroan calcite (Plates 31 and 76).

CALCIRUDITES.

The calcirudites, carbonates in which alloghems of rudite
size form a framevork, are divisiole into biomicrudites and bio-
sparrudites depending on whether the interallochem areas are dominated
by micrite or carbonate cement respectively. Both are associated with

bioherms and are discussed later (p. 354).



- 349 -

a) Coral biostromes.

Well developed coral biostromes occur at the base of the
Single Post Limestone, and in the lower and upper parts of the Underset
Limestone. Only their lithology is described here as they have already
been discussed in the sections dealing with the appropriate Limestones.
The coral biostréme at the base of the Single Post Limestone
is dominated by lithostrotionid and clisiéphyllid corals with an

associated fauna of Saccaninopsis and small brachiopods (Plate

33). The corals occur in a micrite matrix with scattered crinedid
-debris. Where the biostrome overlies sandstone it contains scattered
grains of very fine to medium quartz sand which are rarely commoﬁ
enough to make the biostrome truly sandy.

The coral biostromes in the Underset Limestone are also
dominated by lithostrotionid and clisiophyllid corals and similarly
have an associated fauna of small brachiopods (Plate 32). The corals
occur 'in a micrite matrix with a variable content of crinoid debris.
Where the biostromes contaiun only clis;ophyllids crinoid debris is
conmon to‘abundant and some of the corals have imperfect outer walls
and appear to have been rolled. Wwhere colonial corals are common
crinoid debris is sparse. They cccur in their position of growth
and have an associated fauna of abundant small brachiopods. The coral
biostromes also contain other skeletal carbonates including brachiopod,
mollusc and bryozoan debris which sometimes shows varying degrees of |
micritisation.  Occasionally poorly defined, neomorphosed pelletoids

are also seen.
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Selective silicification is comuon and varies from microscopie
replacement of skeletal carbonate,through gilicification of entire
skeletons, to formatidn of chert nodules (p.%73). The corals are
frequently silicified either completely or in part.

Lithostrotionid corale also occur in numbef in parts of the
Cockleshell and Scar Limestones buﬁ are not usually sufficientiy
abﬁndant to forﬁ true biostromes. They occur in a micrite matrix
with scattered skeletal debris,often in aésoci&tion with

Gigantoproductus. They are commonly silicified.

b) Brachiopod hiostromes.

Small brachiopods are so commen in most parts of the coral
biostrﬁmes that the biostromes couid be referred to as coral-brachiopod
biostromes. In many places, especially where colcnial corals are
abundant, they vastly ouinumber the corals but,because of their small
size,are less prominent. They are also common at the base of the
Underset Limestone.

Although Gigantorroductus is very common in parts of the

Cockleshell and Scar Limestones it is only sufficiently abundant %o
form a true biostrome in places, Most are still in their position of
growth and occur in a micrite matrix with scattered bioclastic debris,
consisting mainly of crincid debris with subsidiary brachioped,
molluse, and bryozoan detritus. Silicification is common,varying
from selective replacement on a microscopic scale to patchy wholesale
replacemenf. .Chert nodules are common and are often locatéd in the

concavity of gigantoproductid valves.
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¢) Algal biostrome.

An algal biostrome occurs in the upper part of the Scar
Limestone (Plates 38. 39 & 40,. The algae occur aé oncolites in a
‘paclced biouicrite. They vary from microscopic size up to about 10cm
in diameter and consist of'undulating, sometimes discontinuous,
concentric micrite and microspar laminae u few microns to 0.5mm
" thick. Possible traces of algal filaments are occasionally seen
in thin section but no filaments were identified after dissolution
of oncolites in very dilute HCl and staining the residue for organic
matter. The oncolites frequently have a nucleus of skeletal
carbonate, usually a crinoid, brachicpod or bryozoan fragment, or
sometimes an intraclast. Some of the bioclasts are micritised,

commonly pefipherally but sometimes completely.
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. BIOHERMS.

Two'types of bioherm are recognised in the limestones
studied, bryozqan calcilutite mounds and lenses of crinoid-stem
calcirudite, both capped andvflanked by coarse crinoid-stem
4 calcarenites and calcirudites. The former occur iﬁ the Cockleshell,.
Scar and Underset Linmestones whereas the latter are seen only in

A the Underset'Limestone.

a) Calcilutite cores.

The calcilutite bioherm cofes are usually unbedded sparse
biomicrites but they range from bioclastic micrites to packed bio~-
micrites, The bioclasts, dominated by crinoid and brachiopod debris,
have an irregular disfribution but generally increase towards tha
periphery of the bioherm where rudimentary bedding is souetines developed
parallel to the sﬁrface of the core. The fauna includes small
brachiopods and gastropods (Plate 42) but is often dominatgd by
trepostoune and fenestellid bryoczoa. Where fenesiellids are abundant,
the cores frequentl& contain numerous elongate areas of coarsely
crystalline célcite c;ment infiiling cavities with subplanar or gently
undulating floors and irregular tops. The calcite cement-filled
cavities are usually only a few millimetres in length but sometimes
exceed a centinetre. They are frequently rocfed by fenestellid fronds
énd sometines contain internal sediment, now microspar (Plate 41).

Elongate areas of sparry calcite have frequently been recorded
from bioherm cores similar tc those described here. They are often

e ittt s

still disputed. The literature is too extensive even to summarise
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© briefly he:e but both inorganic and organic origins have been piroposed.
They have been described as patcheé of neomorphic calcite (Black, 1952)
aﬁd cementéfilled cavifies, the cavities resulting from decomposition.
of soft-bodied organisms (Loweﬁstam, 1950; Bathurst, 1959a; Philcox,

1 1963), dissolution (Carrozi & Textoris, 1963; Wolf, 1963, 1965),
éyﬁgenesis or diagenesis (SchwarZagher, 1961; Wolf, 1963, 1965) and

' tbridging' or 'unbrella’ effects of large flat fossils such as
fenestellid bryozoa or fcliose aigae (Harﬁaugh, 1961).

The elongate patches of sparry calcite in the bioherms studied

are certainiy not neomorphic because they show fabrics typical of cavisy
£illing cement and sometiges contain internal sediment. Their frequent
occurrence directly beneath bryozoan fronds suggests Tenestellids
were important in their genesis. The fronds avpear to have prevented
accunulation of carbonate nud beneath them. This may have been
achieved by girowth over hollows in the sediment surface or dy an
'unbrella' effect. Lithification musf have been rapid befcre
accunulation of sufficient overlying sediment to cause compacticn and
hence destruction of the cavities.

Most of the nmicrite in the calcilutite cores has neomorphosed
to microspar with an average diameter of about 10 microns'but patchy
variation in cirystal size gives the pseudobrecciated appearance
sometimes seen in the field. Neomorphism, possibly of pelletoids,
is responSible for thé clotted texture sometimes seen in thin section.
A zone of very coarse microspaf with éverage crystal diameters of up
to 50 microns frequently surrounds the elongate patches of calcite

cement. Neomorphism of the micrite originally forming the cavity walls
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probably otcurred before the cavities were completely cemented {Plate 42).
1though there is no evidence of algag it is thought they'
"may have been present but not preserved. Their binding action

would have aided cavity formation.

b) Crinoid-sten calcirudite cores.

Lenses of crinoid-stem calcirudite form cores to some of
the bioherms in the Underset Limestone. They are packed biomicrudites
and consist of a mass of coarse crinoid debris with many crinoid stenms

in a micrite matrix (Plate 43}, Brachiopsd and scme“i«zs bryssoen debris is

comnon and small brachiopods, notably spirifers, are often seen.

c) Crinoid-sten calcirudite cavping and flanking beds.

Crinoid-stem calcirudites cap and flank both the calcilutite
and the crinoid-stem calcirudite bioherm cores. They consist dominantly
vof packed crinoiid-stem biomicrudites with abundant, poor-sorted crinoid
debris and subsidiary brachiopod, bryozoan and mollusc detritus. Many
crinoid ossicles are still articulated into lengths or stem which
occasionally reach 2%cm in length and 2cm %o Jcm in diameter.

Occasionally crinoid-sten biosparrudites occur interbedded with
thev?acked biomicrites, presuuably where current activity was sufficient
to winnow the carbtonate mud (Plate 44 ).The allochens are ill-sorted and
sinilar to those in fhe packed biomicrudites but the interallochen areas
are dominated by carbonate ceﬁent which consists largely of syntaxial

calcite overgrowths on crinoid debris.
d) Discussion.

Bioherms such as those in the Cockleshell, Scar and Underset

Limestones have received much attention in the past. Bond (1950), using



Tiddenan's (1900) definition, considered the knolls in‘the Cuckleshell
Limestone north of Grassington deséribed by Black (19%) %o be true
‘reef knolls' as they originated as discrete mounds on the sea floor.
Black (1950), howevér, called them knolls and did not apply the term
i 'reef'. In a discussion on Bond's (1950) paper he states, "if they are
to be called trué reefs then the term 'reef' must be redefined to
 exclude organic debris as a major éonstituent". 'He was in favour of
~ such redefiniticn. Joysey (1955) called the structures 'knélls' and
proposed that the mound-forming calcilutite be called 'knoll limestone'.

Nunmerous definitions of 'reef' and other terms such as ‘'knoll',
‘knoll reef', 'reef knoll', 'bioherm', 'biostrome', and 'bank' have
been proposea in a voluminous literature (see Nelson et al, 1962;
Braithwaite, 1973) but iz, in the definition of 'reef’, any connotation
of a wave resistant, rigid, organic skeletél structure is inplied then
the calcilutite mcunds cannot be called 'reefs'. Although bryozoa are
often common and were undoubtedly important ir genesis of the mounds,
they could not have formed rigid, wave-resistant, skeletal frameworks
like recf-forming corals.

The word 'knoll® defined here as, "a submerged elevation of
rounded shape rising from the ocean floor but less prominent than a
sea mount" (Dictionary of Geological Terms) can be applied to these
structures providing it can be demonstrated they stood as elevations
on the sga floor. t is. therefore. essential to distinguish present-
day topogrgphy from the topography of the sediment during and just
after accumulation. The crinoid-stem calcarenifes and calcirudites

capping and flanking'the calcilutite mounds, being less resiatant to
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weathering and erosion, are commonly removed leaving the mounds
éxposed. Where exposed they frequently form small hillocks but it
must be emphasised that topographic hillocks, even if of bryozoan
calcilutite, are not necessarily knolls as defined here. It must

be proved that the calcilutite méunds stood as elevations on the

sea floor. Proof comes from the capping énd flanking beds which
shog quaqﬁaversal depositional dips off the mounds. Post-depositional
compaction cannot account for such dips because the core, with a
high carbonate mud content, would compact more than the flanking beds
which have a grain supported framewofk of skecletal carbonate and a
much.lower mud content. Compaction would therefore reduce any
depositional dips nof increase them or generate apparent deposifional
dips. The dips are confirmed by geopetél structures.

The mound rather than bank-like form of the calcilutite cores
and the absence of any signs of current activity show <they are
accuriulations of carbonate mud,not erasional remnants of a once °
continuous sheet of sediment. Initial accumulation in discrete
mounds rather than uniformly over the area was probably related to
sea floor or hydrographic factors. Certain sites$ were more favourable
for carbonate accumulation than others but once mound growth started
it appears to have been self-perpetuating. It is unlikely that the
mounds developed.initially in areas of dense bryozoan growth unless
the sea floor was elevated at these places. However, once mounds
became established,they would provide an ideal habitat for bryozoa
providing bryozoan growth was faster than carbonate mud accunulation.

Better water circulation than on the surrounding sea floor would mean
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a more abunduant supply of planktonic food for the bryozoans to
filter.out in theilr circlets of ciliated tentacles.

Growth of the calcilutite mounds on the sea floor required
either transportation of carbonate sediment and deposition at
sites of mound development or in situ production and accunulation
of carbonate mudf If the sediment was transported it would require
selective deposition on a hydrographic prominence once the mound was
established. This could occur by organic filtering and trapping of
current transported carbonate mud, checking of currents carrying
suspended carbonate nud by organic baffles resulting in deposition
of the mud, or adhesive trapping of current transported carbonate
sediment in, for example, a surficial algal ooze.

The bryozoa, especially the fenestellids, could have acted
as both current baffles and sediment traps but their.populations doA
not appear sufficiently dense in many mounds to have had a marked
effect. The possibility of sediment adhesion to an algal slime
cannct be eliminated; algue may have been present but are not preserved.

The circular plan of most of the mounds suggests that accumul-
ation of {ransported sediment was not the main mound forming process.
They are considered to result from mainly in situ production and
accumulation of carbonate mud. The filtering feeding mechanisms of
the bryozoans would rot be inhibited by deposition of transported
carbonate mud and, providing their growth could at least keep pace with
in situ accﬁmulation of carbonate sediment, the environment would be
very suitgble for bryozoan habitation.

Fron quantitative estimates of the production of aragonite by
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codiacean algue (Stockman et al., 1967) and study of trapping and
stabilisation of carbonate mud by Thnlassia'(Ginsburg & Lowenstan,
1958) it appears that carbonate mud mounds can develop as largely
self-supporting systems (Bathurst, 1971). They supply their own
sedinent from the calcareous benthos which‘is trapped among the
sea grass blades and stabilised by their rcots and rhizones. The.
tightly packed roots can support steep slopes in potentially
unstable waterlogged carbonate mud and enéble the mound to maintain
its relief. Additional resistance to erosion is provided by sub-
tidal glgal nats, the low threshold velocity of mud-sized particles
and low bed roughness (Bathurst, 1971).

Unfortunately the origin of the cartonate mud in the
Yoredale calcilutite bioherm cores is unknown. Calcareous algae
may have been major contributors but they have not heen recognised.
Pray (1958) considered nuch of the carbonate mud in bryozoan
calcilutite cores in Mississippian bioherms of southern New Mexico
was of algal origin but similarly found no algal structures preserved.
Binding organisms are also conspicuously absent. Bryozoa may have
partially bound the sediment but they are not numerous enough to have
been the main binders. Sea grasses cannot have fulfilled this role
either because angiosperms did not spread extensively until the Lower
Cretaceous. Although speculative it appears that algae, of which there
is now no trace, may have been not only a source of carhonate mud but
also important sediment binders. "It would be interesting to know if
the algae alone, calcareous and non-calcareous, were able to support

the developuent of mud banks unaided" {Bathurst, 1971).
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Although similar bioherms up to 350 feet (107m) in height
have been recorded in the literature (Pray, 1958), in the rocks
.studied terﬁination of calcilutite mound developument end colonisation
'by crihoids occurred after growth to a height of only a few metres.
The reason for this is unknown but it could be related to many
environmental factors including water depth. Once crinoids colonised
" the mounds theyAsoon becane very abundant and grew to a large size. -
This environment,with good water circulation and hence an improved
supply of nutrients, enabledjprolific crinoid growth. After death
"most of the crinoids appear to have accumulated more or less in situ
as coarse crinoid-stem calcarenites and calcirudites with depositional
dips on the mound flanks of up 0 20°, Dips of this magnitude are
not rafe for Pray (1958) recorded depositional dips of up to 35°in
beds flanking Mississippian bioherms in southern New Mexico. The
cerinoids must have formed dense thickets and have been effective
current baffles. They would not only trap sediment produced in situ
by mechanical and biological breakdown of carbonate skeletons and
stabilise it with their root systems but also be a potential trap for
any passing suspendéd sediment. Evidence of current activity is
usually absent although occasional biosparites and bivsparrudites
interbedded with the bionmicrites and biomicrudites show that in places
carbonate mud has been winnowed. Rarely, as at Binks (SD 709836),
vpreferred orientatiqn of crinoid stems also indicates current activity.

In the Underset Limes tone lenses of unbedded crinoid-stem
calcirudite with a carbonate mud matrix are seen in addition to bryozcan

calcilutite mounds. Like the calcilutite nounds, they are capped and
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flanked by crinoid-stem calcarenites and calcirudites and are also
considered to be in situ accumulations. Initial devclopuent nust
have occurred at sites especially favourable for crinoid growth fdr;
as in the beds capping and flanking the bioherms, the crinoids grew
t0 a much larger size than elsewhere. Once their deb:xis had
accunulated, the nounds formed seeé to have offered ideal habitats
" for further prolific crinoid growth but, like the calcilutite nounds,
théy attained heights of only a few metreé befcre they tvo became
cofered with thin bedded crinoid—stem calcarenites and calcirudites.
The evidence suggests that the calcilutite mounds and the
Vlenses of coarse crinoid debris, both capped by thin bedded crinoid -
stem calcarenites and calcirudites, resuli Ifrom biogenic produc.tion
and accumulation of carbonate in situ rather than accunulation of
transported sediment. They are therefore bicherms in the sense of
Cunimgs - (1952) i.e. a reef, barnk or mound of strictly organic origin

enbedded in rocks of a different lifhology.
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LITHIFICATION AND DIAGENESIS.

a) Introduction.

The fabric'and ﬁineralogy of carbonate rocks result not
only from the original characteristics of the sediment but also
from complex syngenetic, diagenetic and epigenetic chénges. The
high susceptibility of carbonate sedimen*s to these changes often
makes determination of theif original charaéteristics difficult.
Recent studies have not only increased our knowledge of modern
carbonate environments but have also led to a greater understanding
of ancient carbonate rocks. However, even with this knowledge the

_sedimentology, lithification and diagenesis of ancient carbonate
rocks are still often very difficult to intervret.

Three processes can be recognised in the lithification and
diagenesis of carbonate rocks, 1) cementation, the filling ef
interparticle and intraparticle veids by passively precipitated
cenent, 2) dissolution and 3) neomorphism, which embraces two in
situ processes a) polymorphic transformation and b) recrystallisation
(Bathurst, 1971). Although these three processes can be recognised
they are frequently inter-related. For exanmple, aggrading
neomorphism, the process whereby a mosaic of finely crystalline
carbonate is replaced by a coarser mosaic of carbonate (Folk, 1965),
involves in the neomorphic processes of polymorphic transformation
and recrystallisation both dissolution and precipitation.

b) Cementation.
By comparison with modern carbonate sediments the carbonates

of the Yoredale Group probably had porosites of 40% - 70% (Ginsburg,
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1964§.Bathurst, 1971; Chogquette & Pray, 1970). Absence of considerable
compaction in all but the argillaceous carbonates and reduction eof
their’porosity to less than 5% requires early cementation, very
large sources of CaCO3 and a highly efficient means of transporting
the calcium carbonate and precipitating it in the pores. As most

of the carbonates studied are bicclastic micrites, cements are usuaily
'best studiéd in cavities within carbonate skeletons where they are
often well displayed. However, it must be}realised that micro-
'eﬁvironments within these intraparticular cavities can differ fron
fﬁose in the surrounding intergranular porosity. Cavities also occur
beneath allochems where bridging occurs, doninantly under fenestellid
fronds in the calcilutite bioherm cores. and beneath shell debris,
Only in the Dbiosparites and biosparrudites can intergranular cements

be studied easily.

b) Cementation.

To aid study of the carbonate cements the rocks were stained
with an acidified solution of alizarin red S and potassium ferricyanide
to differentiate the various carbonate minerals (see appendix p. 421).
This not only allowed easy distinction hetween calcite and dolomite
but also enabled recognition of ferroan calcite and ferroan dolomite.
Differences in mineralogy and ferrous ircn content and the spatial
relationships of the carbonates enabled at least part of the history
of cémenﬁation to be established.

The earliest recognisable cement.consists of non—fefroan calcite.
It rims calearcous bioclasts and fossils in the biosparites and bio-

sparrudites and cavities, including those in the calcilutites,but is seen
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best lining cavities within calcareous bioclasts and fossils. Fost of
the crystals are in optical continuity with their substrate.

On finely polycrystalline substrates, such as lithostrotionid
corals (Plate:ﬁlﬁ the first crystals to nucleate are small and fibrous.
They are oriented perpendicular to the substrate and are commonly over-
grown by later, larger, often scalenohedral, non-ferroan calcite crystals
ﬁith a similar orientation. Where these crystals do not entirely fill
the cavity they are terminated Ly well devéloped planar crystal faces.
The remainder of the cavity may be filled with equant non-ferrouan calcite
which abuts against these faces.

Where the earliest recognisable generation of non-ferroan calcite
cement is nucleated cn monocrystalline substrates it is usually very
coarse, oOuch is the case in the biosparites and biosparrudites where
nucleation on crinoid debris has resulted in formation of large syntaxial
overgrowths (Plate 45) which are occasionally poikilitic.

Nucleation and growth of cement is sometimes prevented where
bioclasts are peripherally micritised or coated with micrite. On partly
coated or micritised grains cement occurs selectively on those parts which
are not micritised or micrite covered.

This earliest generation of non-ferrcan calcite cement is clear
and free from inclusions. It does not coat fractured surfaces and therefore
pre-dates compaction of the sediment sufficient to break bioclasts .

Post-dating this non-ferroan calcite cement is a ferroan calcite
cenment which,unlike the first generation of non-ferroan calcite, coats
fracture surfaces and therefore post-dates compaction of the sediment

sufficient to break bioclasts. Although its appearance may be marked by
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nucleation of new crystals continued growth of the non-ferrean cement
crystals already established but with an increased iron content is more
usual., The stain imparted by the potassium ferricyanide shows the
ferroan/non—ferroan Jjunction in the crystals is either abrupt or
transitional. - The ferroax salcite soment sometimes stains

uniformly (Plate 45) but usually, after its first appearance,therevis en
Aalternation.of variably ferroan and non-ferroan zones (Plate 46)

Several of these zones may cccur within a single cement cryvstal (Plate 46).
They have planar boundaries which represent old crystal faces and can
often be.correlated from crystal to crystal. hey are therefore time
planes useful in studying evolution of the cement. Zones of this type
have been interpreted'as recording changes in the iron content of the -
pore fluids (Bathurst, 1971) but they may also reflect other changes

in pore fluid chemistry aiding or inhibiting incorporation of ferrous
iron into the calcite crystal lattice. Ferroan calcite cements usually
post-date earlier non-ferroan calcite cements although exceptions have
been recorded (Colley & Davis, 1969).

The ratio of ferroan to non-ferroan calcite is highest in the
argillaceous limestones and lowest in the clay-free limestone where
nearby shales are absent. It seems likely that clay minerals provided
the source of iron,either within their lattice or as an adsorbed iron-
oxide film,or that {hey, possibly with other insolubles, prevented early
‘cementation by decreasing permeability and preventing nucleation cement
crystals.,

A similar distribution of ferroan calcite is recorded by

0ldershaw & Scoffin (1967) in the Lower Carboniferous Halkyn and Silurian
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Wenlock Limestones. They noticed a pre-compact ive fracture, non-ferrvoun
calcité cenent (<200 ppm Fe2+) and a later post-compactive fracture,
ferroan calcite cement (200 ppm - 500 ppm Fe2+); the ferroan calcite
cenent occurring uniformly in the argillaceous limestones but only in
' the clay-free limestones where sdjacent to an underlying shale. They
concluded that clay minerals were the source of the iron and the calcium
" earbonate for the ferroan éalcite cement was derived by pressure solution
of fhe argillaceous limestones and from célcium carbonate released from
fhe shale.

The slight sedimentary compaction sufficient to break only
occasional bioclasts in the non-argillaceous limestones shows that
lithification sufficient to produce a rigid framework occurred before
burial deep enough to break most of the delicate skeletons. Coupaction
however, is greater in the argillaceous limestones where delicate
bioclasts are oftem distorted, broken and frequently displaced (Plate 28).
Lithification of the argillaceous carbonates must have occurred later
than lithification of the non-argillaceous carbonates,a conclusion
supported by the high ferroan to non-ferroan cement ratio in the

” argillaceous limestones. Clay minerals, organic matter and other
insolubles would not only decrease permeability but would form envelcpes
around the carbonate grains inhibiting both nucleation, and therefore
growthw of carbonate cement crystals, and neomorphism (Bausch, 1968;
Marschner, 1968).

Evidence of pressure solution is shown by tightly packed grains

with sutured contacts and stylolites. Although stylolites are seen in

nearly all the carbonates they are most common in the argillaceous
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limestones; the same is true for sutured grainé. Preferential solution
of the'argillaceous limestones is céused by several Tactors. High
insolublé residues inhibit lithification and neomorphism,and clay
minerals themselves may have also.been-instrumental in pressure solution.
_ élay films between grains increase pressure solution because diffusion
in the clay layer is greater than in a solution film beiween clean

" carbonate grains. Where the carbonates contain thin shale films pressure
'solﬁtion is concentrated, grain bpﬁndarieé are highly sutured and
stylolites are frequently developed. (Plate 29).

The cements in the caliche at the top of the Single Post Limestone
merit special attention. The apparently accretionary concentric
laminations of some of the nicrospar clasts (Plate 48) suggests they
were originallyVCOnposed of micritic carbonate cement precipitated in a
subaerial environment. Fractures within the clasts are usually filled
with calcite but sometimes siderite and ferroan calcite, whereas the
.intergranular poiosity is filled with siderite or ferroan calcite. The
siderite post dates the early non~ferroan calcite cement and consists of
brown, lens-shaped crystais with their long axes oriented perpendicular
to the substrate (Plates 49 & 50).It usually forms a fringe around clasts,
sonetimes lines fractures within clasts and occasionally fills the inter-
granular porosity completely. It also occurs as a replacement. The
siderite cement is followed by ferroan calcite cement which fills the

remaining porosity with large crystals.

c) Neonorphisnm.

Neopmorphism embraces "all transformations between one mineral

and itself or a polymorph. It does not include simple pore-space filling;
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older crystals nust have been gradually consumed and their place
simultaneously occupied by new crystals of the same mineral or a
polymofph" (Folk, 1965). Although passive dissolution and precipitation
are excluded from this definition they are inevitably involved in
neomorphic prccesses (Bathurst, 1971).

Distinction between clay and silt-sized carbonate grains in
- the matrix is important. lMud-sized carbonate grains result either from
skeletal breakdown or from direct precipitation as aragonite or high
Mg calcite whereas silt-sized grains, except those resulting from
éggrading'neomorphism, are chiefly from breakdewn of organic skeletal
carbonate (Matthews, 1966 ) . Mizoite and sily resulting
from breakdown of skeletal carbonate have.been differentiated fron
neomorphic carbonate on the basis of grain shape, the former ié often
polyhedral whereas the latter consists of interlocking grains. In ancient
carbonates such genetic interpretation is very difficult to make because
of the compleﬁ diagenetic history.

In the non-argillaceous carbonates most of the calecilutite matrix
consists of silt-sized,non~ferroan calcite crystals between 4 nicrons and
30 microns in diameter, commonly about 10 microns. As few crystals are
less thgn 4 nicrons in diameter, if the matrix was originally dominated
by micrite, most of the crystals must have undeirgone aggrading neonorphism.
Two types of aggrading neomorphism seem to have occurred, a general crystal
enlargement (Plafe 25) and a patchy enlargement, crystals expanding in
some areas leaving patches of smaller crystals (Plate 26). This suggests
the matrix was originally of smaller grain size, probably dominated by

micrite and very fine silt.
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The calcilutite matrix of thé relatively clay~free limestoqes
has neomorphosed to a coarser fabric than the matrix of the argillaceous
limestones. Clay minerals and probably other insolubles scen to have
in@ibited neomorphism (Bausch, 1968; Marschner, 1968). In some of the

;argillaceous limestones the originally non-ferroan calcite matrix has
neomorpho;ed almost entirely to fe;roan calcite (Plato 28). Vhere

. neomorphism to ferroan calcite is less extensive, a single neonorphic
crystal nay grade centrifugally from non—ferroan calcite to ferroan
calcite.

Neomorphic fabrics resulting frﬁm sub—-aerial exposure are seen
in the Single Post Linestone over the northwest part of the Askrigg Block
and the southwestern Barnard Castle Trough. lere the Linestons, a |
mottled biomicrite, contains irregular areas of neouorphic ferroan and
non-ferroan microspar with sparse, often corroded, bioclasts and small
irregular vugs infilled with ferroan calcite cement which truncate
bioclasts (Plate 477). Percolation of rainwater through the most permeable
parts of the sediment is thought to have caused dissolution om both
microscopic and macroscopic scales. Macroscopic dissolution resulted in
the formation of vugs vhereas microscopic dissolution was more selective
and increased both intergranular and intragranular porosity. After
dissolution, probably during burial, the leached areas secn to have
suffered more intense neomorphism than the surrounding areas, possibly
because of their enhanced porosity. Like 1ea¢hing,neomorphism tended to
destroy original fabrics and may be responsible for destruction of much
of the bioclastic debris in these areas.

Although the matrix of the Liﬁestones is considered largely a
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-product of breakdown of skeletal debris, comparison with modern carbonate
' - muds suggeéts it originally had porosities of 40% to 70:%%. Absence of
considerable compaction in all but the argillaceous limestones shows
that_a high percentage of the now lithified matrix,with porosities of
less than.Sﬁ%must be cafbonate cement.
Neomorphism of the first formed cements in carbonates usuaily
.occurs during the early stages of diagenesis and is very difficult to
identify in ancient carbonate rocks. Althsugh speculative, sone of the
very fine, fibrous, non-ferroan calcite seen on originally aragonite
fossils and bioclasts may be a calcitised arégonite cement.
" Neomorphism may preserve original Tabrics in detail, in general
form only5or nay obliterate them completely. Aragonitic fossils such as
“molluscs are preserved where they have been calcitised or where, after
dissolution, their nmold has remained intact and been infilled by calcite
cement. Many molds, however, must have collapsed after dissolution of
the aragonite shell leaving no trace. \VWhere the neomorphic fabric cuts
across fossils or bioclasts their siructure may pbe preserved as dusty
inclusions. llore commonly, the structure of the bioclast or fossil controls
the neomorphic fabric as, for example, in sowme brachiopod shells where
neomorphic calcite is oriented parallel to the original fibres. During
neomorphism, calcite crystals within bioclasts or fossils may grow outward
into the adjacent micrite matrix and replace it. Large syntaxial neonorphic
overgrowths are sometines seen on echinoderm fragments. They frequently
contain dusty inclusions inherited firom the replaced micrite and can
therefore be differentiated from overgrowths of cement which are usually

clear. The overgrowihs may be monocrystalline or polycrystalline but
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both reflect the optical orientation of the host.

Some of the allﬁchems are micritised either completely or
peripherally but in others it is not obvious vhether the peripheral
micrite is a coating or a replacement. Bathurst (1966) descriﬁed aicrite
replacing allochems and showed it resulted from precipitation of carbonate
in algal borings. Some of the micritisstion in the Yoredale carbonates
" alrost certainly results from algal bofing because micrite filled tubes
penetratihg allochems are visible in thin.section. Whether or nct all
the micritised allochems have undergone this process is debatable . Purdy
(1968) suggests a relationship between micrite and organic matter either
as an organic matrix in skeletal carbonate, dispersed in fecal pellets ox
as algal inclusions in bored allochems. Deconposition of the organic
matter by bacteria and fungi is thought to cause dissolution and
replacement of the allochem by cryptocrystalline carbonate simultaneously.

Micritisation in the carbonates is not intense. It nmay have
been inhibited by fast accunmulation of carbonate and by the interstitial
mud which decreases both pore space for bacterial inhabitation and inhibits
diffusion of netabolic products. The degree of micritisation, if purely
algal, should also be a functicn of water clarity and heuce at least
partly related to water depth as light is required for photosynthesis.
Friedman et al (1971) found no such relationship and conclude that fungi

also play a major role.

d) Dolomitisation.

Dolonite is common as a minor component of the carbonates studied
but forms a major component of the calcarenites at the base of the

Underset Limestone and some of the siliceous calcarenites and calcareous
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cherts associated with the Underset and Crow Limestones. It is also
frequently associated with mineralisation and faulting.

Recent work has shown that dolomites can form in marine
environments from solutvions with high Mg:Ca ratios under coﬁditions-of'.u'
high salinity or during diagenesis by reaction of interstitial waters
with high Mg:Ca ratios with the carbonate sediment. ¢ can also be
'epigenetic.

In the Yoredale carbonates dolomi£e occurs as both a cenment
and a replacement. t is most common as a replacement and post-dates
the first ferroan calcite cement. Staining shows it to vary from non-
ferroan to ferroan and, as in the ferroan calcite cement, non-ferroan and
ferroan zones are sometimes seen within the sane crystal.

Replacement dolomite usually occurs as isolated euhedral rhombs
(Plate 64, 65 & 66) except where dolomitisation in intense and the
rhombs have grown together forming an interlocking mass of anhedral
crystals (Plate 54). Dolomitisation tends to be selective replacing
micrite matrix, bioclastic debris and calcite cement in that order.
Schmidt (1965) showed. the micrite matrix in some curponate sedinents was
completely dolomitised whereas the allochens were only slightly or not
doiomitised. lle noticed intraclasts, ooliths and originally aragonitic
bioclasts were more susceptible to dolomitisation than caleitic allochems
of which those of high lg calcite were more susceptible than those of low
Mg calcite. Lucia (1968) established a similar sequence but noted
this strict 6rder was not always observed. Other factors bésides pre-
dolomitisation mineralogy are important including particle size, small

particles being most susceptible, and permeability. Urganic matter may
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also play é significant role favouring dolomitisation. Tavourable
Eh-pH conditions can be created by organic decay and may be the link
between the common association of silicification and dolomitisation.
Dolomitisation seems to have had a long history. Its first
appearance post-dates the first fefroan calcite cement but in most
places appears to pre~date silicification because where rhombs of
'dolomite occur in a chertified carbonate,their edges are svmeiimes
corroded and etching has occurred along théir cleavage (Plate 64).
This suggests that dolomitisation occurred pefore silicification for
‘where dolonite rnombs replace unsilicified carbonate tneir edges are not
corroded. In other places, however, there is no evidence of such etching
and dolomite fornation may post-date silicification. Replacenment of
silica by dolomite can be demonstrated where siliceous sponge spicules
are replaced. This is best illustrated where rhombs of dolomite are
seen replacing Hyalostelia spicules (Plates 71 & 72)Dolomite formation
post-dating silicification can also pe proved where dolomite veins cut

s3ilicified carbonate fabrics.

e) Carvonate veins.

Veins of non-ferroan and ferroan calcite and non-ferroan and
ferrqan dolonive have been recorded. They vary considerably in age and
may be complex having, for example,an early generation of non~ferroan
calcite followed Ly a later generation of ferroan calecite. Some, like
those filling tension fractures contined to burrow infillsat the top of
the Lower Parting and those in the clasts of the caliche at the top of
the Single Post Limestone, seem to have develuped soon after the sediment

was coherent enough %o crack. Others, particularly those assoclated with
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faults and mineral veins,must have formed much later. Although veins
of dolomite are frequently associated with mineralisation elsewhere they
are much less common than ealcite veins and appear, in general, to have

developed later.

f) Silicification.

Although scattered chert nodules show local silicification is
widespread,more intense silicification is restricted to certain parts of
specific limestonesT It is coumon in parts of the Lower Pafting, in the
: Cocklesheil and Scar Linestones in certain areas, in places at the top
of Lhe Underset Limestone, in nuch of the Crow Limestone and in tne cherts
associated with the Underset and Crow Linmestones. |
) Silica occurs as both a cement and replacement. Its first
appearance post-dates the earliest generation of ferroan caléite cement
and the first rormed dolomate. The cement is oest studied in cavities
iﬁ skeletal carbonates such as the body cavities of corals and brachiopods
where they have not been completely inrilled by carborate mud or earlier
.carbonate cements. The remaining cavity is sometimes lined or completely
filled by colourless to yellowish-brown,colloform chalcedony with the
fibres oriented perpendicular to the cavity wall (Plates 57 and 58).

Where chalcedony only lines tne cavity or is absent,the remazning cavity
is frequently infilled by grunular quartz (Plates 59 and 60).

Replacenent by cryptocfystulline to microcrystglline quartz or
chalcedohy.is also coumon. It varies from selective ;eplacemeut of minor
parts ot the rocx to complete silicitication. where there is only linmited

replacenent the silicified components are nearly always carbo..ate skeletons

~ ey \ e oo . . . . :
(Plates 32 & 61). Silicification way begin at a single point or several
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differént places within the‘same skeleton, erther partly or conmpletely
replaéing it. The fabric of the replaced skeleton may be pséudomorpned
~ by ériented chalcedony fibres or, where the replacement silica 5h0ws no
orientation, by lines of dusty'inclusions within the silica buf_often
the fabric of the host.is destroyed. Where there is only minor
silicirication, replacement is usually restricted to the carbunate '
‘ékeletons; only rarely does it invade the matrix.

The cacbonate skeietons are silic;fied selectively but.the degree
of preservation.is not related to the extent of replacement. Corals, often
silicified in the coral biostromes, ure most susceptible followed by
brachiOpuds and ecninoderms. .Molluscé, foraminifera, algae and bryozoa
are least suscepfible but whereas silacification of molluscs and
foraminifera can be proved,silicification ot algae and hryozoa can only be
iuferred where the carbunate rock is cowpletely silicitfied. Nowhere are
siiicified algae or bryozoa recognised. Similar orders of susceptibility
Lo silicification wefe recorded by Newell et al (1953) and Chillingar et al
(1967) with the exception of bryozoa which they found preferentially
replaced. Susceptibility to silicification is related to many factors
g including_mineralogy, fabric, permeatility and content of organic matter.
Of these fabric seems the wost important. Carbonate skeletons with a fine
fibrous structure are replaced first followed by skeletons with small
granular crystals. With increasing silicification the larger skeletal
crystals and the matrix is replaced, probably starting with the smallest
crystals. There is therefore an inverse relationship between silicification
and crystal size. Organic matter also seems important. This is shown

best by the preferential location of many chert nodules in gigantoproductid
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valves in the Cockleshell and Scar Limestones and the association of
silicification with the coral biostrones.

Intense silicification leads to replaéement of thé rock by
microcrystalline and cryptccrystalline quartz and chalcedony either
locally as nodules, stringers or patches,orvwholesale. Sonetimes there
is complete replacement but commonly some df the carbonate survives,
-usually bryozoa and often at least some of the crinoid debris. Silica
replécing carvonate skeletons frequently cﬁts acrosé their boundaries and

invades the matrix.

i) Chert nodules

Cheft nodules are widely distributed although.they are nore
common in some limestones and certain areas than in others. They may be
absent or abundant and vary :frop s picrissopic sioe v lavrss
irregular masses, stringers and extensive tabular cherts. The nodules
frequently occur in zones parallel or subparallel to the bedding and in
places form tapular masses. In the field their contact with the surrounding
limestones seens abrupt. !Nost are medium to dark grey with a bluish tint,
but sometinés vhey are brownish-black,and usually have a lighter coloured
“ porous outer zone comionly about a centimetre thick. They contain a
variahle quantity of unreplaced carponate which usually increases towards
the periphery of the nodule and is often dominated by crinoid debris. On
weathering the unreplaced carbonate often dissolves leaving chert molds.
Calcite veins, both ferrocan and non-ferroan, sometimes fill fractures
transecting the nodules and nay or may not extend -into the surrounding
matrix. (Plate 55).

In thin section the contact between the cnert nodules and
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surrounding linmestone is nicroscopicaily irregular (Plate 55). It
sometiﬁes follows shell fragments and otner bioclastic debris although
patches of silica often occur outside the megascopic periphery (Plate 56).
The chert nodules consist of colourless to yellow or brown,crypto-
crystalline to microcrystalline quartz with inclusions of organic matter,
pyrite,.iron—oxide and carbonate. Chalcedeny is also common and,like

' quartz,occurs as both a replacement and cavity filling cemeunt. Cavities
are often lined or conpletely filled withlcolourless to yellowish-brown,
colloform chalceduny with fibres oriented perpendicular to the eavity walls
(Plates 57 & 58). Where chalcedony only lines tne caviiy its centrel part
is frequently filled by granular quartz (Plates 59 & 60). Calcareous
fossils may be preserved as carbonate (Plate 63), as chert pseudo-

morphs (Flates 59 & 60), or as dusty inclusions in chert (Plates 65 & 66).
Many have been conpletely destroyed especially where silicificavion is
intense. Sometimes tney have only a chertified margin (Plate 63).

The natrix of the carbonate is nearly always replaced.

The chert nodules are clearly replacement features. They contain
bioclasts of similar type and orientation to those in the surrrounding rock,
Within the nodules the carbonate rock is seen in all stages of silicification
and bioclasts which transect the periphery of the nodule may be silicified
inside but not outside. Occasionally structures within the limestone,
such_as»very thin shale laminae, can be traced into the nodules.,

ii) Chert nodule formation.

. [
During early lithification and diagenesis variations in the
anount of carbon dioxide derived from decaying organic material causes

fluctuations in pil. Concentrations of carbon dioxide resulting from an
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irregular distribution of decaying organic matter such as that noted

by Emery & Rittenberg (1952), Van Andel & Postma (1954) and Siever et
al (1961) in modern sediments would locally reduce the pH of the highly

alkaline inferstitial water and cause dissolution or carbonate and
precipitation of silica. A concentration gradient of HCOB- and Ca2+
 between tne sites of organic decay aud surrounding creas where less

- carbondioxide was being produced would enable dirfusion of dissolved
carbonate away fron the site of organic decay. A osioiley
coucentration gradient but in the opposite direction would allow uigration
cf silica from the surrouuding areas to the sites uf orgunic decay.

Siever (1962) considered tne appearance of silica at sites of
organic decay could rnot ve explained in terms of pl! because at published
pH values for most sediments (telow PH 9) a decrease in pil woudd result
in solution of calciun carbunate but would not affect vhe solubility of
silica wnich is essentially independent of pH between pH 2 and pil 9.

Walker (1962) hovwever, susgested variations of pit within tne diagenetic
enviromnent could account for silicification. 1t has ncw been shuwm
experimentally that pH's greater than pli 9 can exist in natural environments
(p.381).

A fursher mechanisn suggested by Emery & Rittvenberg (1952) and
expanded by Siever (1962) is the effect of organic matter on the solubility
of amorphous silica. Emery & Rittenbverg (1952) proposed that at sites of
organic decay siiica solubility is lowered by adsorption of silica onto
organic ﬁatter. Silica is immobilised by the formation of organic-silica
complexes whereas in the surrounding area without organic adsorbates silica

is free to dissolve. A concentration gradient of dissolved silica would
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continue to immobilise the silica producing inscluble organic-silica
complexes. - This procesc would continue, carbonate dissolving end siliea
precipitating at these sites until the organic wmatter was either completely
oxidised by bacteria, complexed with silica,or until bacterial activity
producing'the carbon dioxide ceased. Siever (1962) also uses this model
_to explain the replacement of SiO2 by CaCO3 if it is assumed that
bacterial decay was completed at some sites before others.

The concentration of chert nodules'in certain beds and at certain
' horizons.may be related to perﬁeability but theiy zommon gssociafien with
a rich fauna suggests that organic matter was important.

The chert nodules often contain pyrite, usually finely
disseminated but sometimes as small cubes, and rhombé of ferroan and non-
ferroan dolonite. The pyrite and dolomite are often restricted to the
nodule or are more abundant than in the surrounding limestore. Absence,
or less common appearance, of dolomite and pyrite outside the nodule does
not appear to result from non-preservaticm. Formation of both seems to
pre-date silicification. This can be proved for the dolomite because the
rhombs sometimes have corroded edges. The formation of dolomite and pyrite,
* like chert,is favoured by organic decay which may be the main factor

linking their association.

iii) Source of silica.

Biogenic amorphous silica originally distributed throughout
the carbonate sediment is considered to be the source of silica for
silicification. Radistribution and concentration of this silica is
thought to have tsken place by dissolution and precipitation in highly

alkaline interstitial fluids. Siliceous sponges are thought to have been
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the main contributor of silica hut radiolarians may also have been
important.,

It is unlikely that non-carbonate detrital material supplied any
significant quantity of silica because it usuzlly foms only a minor
‘part of the limestone. A volcanic or non-biogenic origin is also
unlikély (p.393).Siiiceous sponge spicules,now replaced by chalcedony
" or ﬁryptocrystalline to microcrystalline quartz, occur in the chert
nodules but not in the surrounding limestdne. This implies migration
of biogenic amorphous silica outside the sites of nodule formation to
those sites.

A fuller discussion on the source of silica is given in the

section on the bedded cherts (p. 392).

iv) Replacenents within the chert-carbonate systen.

Although the dissolution and precipitation of calcium
carbonate and silica are well known from laboratory experinents,actual
replacenents have not been demonstrated. The solubility of CaCO3 is
highly dependent upon pH,the dominant independegt variable in natural
environnents being the activity of 002, pH being the dependent and not
the controlling factor. Calcium carbonate dissolves in acid and
precipitates in alkaline sclutions, the precise value of precipitation
depending mainly on the activity of 002,CaCO3, pressure and temperature.
Recent work has shown that the solubility of silica is essentially
independent of pl between pH 2 and pH 9 but increases greatly in alkaline
solutions of pH greater than pil 9 (Alexander et al, 1954; Iler, 1955;
Krauskopf, 1956; Okamoto et al, 19%7). These results differ from the

now suspect experinental data obtained earlier by Correns (1941), which
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éhowed a progressive increase in the solubility of silieca wifh pH at
all values gfeater than pll 3.

As a result of this recent data, Walker (1962) suggested that
»chert—carbonate replacements may take place where tluctuations of pH
occur under -conditions of high alkalinity (above pH 9). In highly
~alkaliné water-even a slight increase in pH would favour solution of
.silica and the sinmultaneous precipitation of calcium carbonate whereas
a decreese in pH would favour the reverse, solution of calcium carbonate
and precipitation of silica. Accordingly, carbonate replacenent of
chert would result under conditions of increasing pil, chert replacement
of carbonate under conditions of decreasing pH, and chert-carbonate
reversals under conditions of fluctuating pH. In environments where
interétitial water has a normally high alkalinity, fluctuations in pH could
be caused by variations in the auount of dissolved carbon dioxide, possibly
derived from decaying organic matter.

This explanation by \Walker (1902), a modification of Correns
{1959) iheory, assumes that interstitial waters of high alkalinity are
common in nature, because the proposed replacenent mechanism depends on
the inverse solubility relationship that exists between silica and
carbonate at pH values above pH 9, USiever k1962).noted that the
assunption that high pH values are present an interstitial waters is not
supported by most published data (Baas-Becking, 1960) and indeed Walker
in an earlier paper (1960) stated a similar opinion. However, although
published data shows that pH's greater than Y are not common in nature,
i£ now appears tha*t natural waters of high alkalinity are nore common

fhan published analyses indicate.
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Especially significant is the work of Garrels (1Y80) who showed
that pure.de—aeruted.water in equilibrium with ecalcium carbonate has a
.theofetical pH vaiue between pH 9.88 and pH 10.00 and that values of
the same order of magnitude can be obtained experimentally. Gavish &
" Friedman (1969) have also shown that upon the addition of aragonite to
de—iopised water the pH may climb to pH 9.4 within 2% hrs at 2500.
"Jansen & Kitano (1963) ohtained a pH of 9.4 after one minute of adding
finelybgfound narine carbonate to distilled water.

This data suggests fhe infrequency of high pH walues ‘reported
in published literature may reflect inaccuracies of analytical methods
of pll determination rather than a near absence of ﬁigh pH waters in
nature. More likely, however, the absence ie due to the extreme
difficulty in determining the pH of interstitial fluid uncontaninated
by other waters or atmpspheric 002.

The.tendency for replacements to take place might also be
influenced by variations in the temperature of interstitigl waters during
buriai (Halker, 1962). The solubility of silica increases with
temperature (Okanoto et al, 1957; Siever, 1962) whereas the solubility

- of calcium carbonate decreases with an increase in temperature (Miller,
1952). An increasing temperature resulting from burial might therefore
lead to solutioﬁ of silica and precipitation of calcium carbonate. This
mechanism presumably would only apply to sedinents that have suffered

burial sufficiently deep to cause a significant increase in temperuture.

g) Discussion.
Idthification and diagenesis of carbonate sediments can occur

4in shallow marine environments (Alexandersson,1269; De Groot, 1969;
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Shinn, 1969), deep marine environmenés (Milliman, 1966; Fisher &
Garrison, 1967), subaerial environménts (Friedman, 1954 ) and subsurface
environments (Friedman, 1968). The low porosity of nost of the
carbonétes éncuuntered in this study (usually less than 5%) is the
result of elimination of both the primary pore volume of the sediment
and the secondary pore volume due to dissolution and fracturing.

" Besides a reduction in porosity, there have also been nireralogical and
textural changes. Some of the original charactoristics of the sediment
are preserved, some have undergone fabric and/or mineralogical changes
but are still recognisable or can be interpreted, whereas others have
disappeared during lithification and diagenesis leaving no trace.

Marine cements of recent carbenate sediments are usually
aragonite or high Mg calcite. Commonly aragonife forms fibrous cements
whereas high Mg calcite is often micritic (Friedman, 1968; Shinn, 1969;
Aléxandersﬁon,l969) but aragonite and high Mg calcite can also form
micritic and fibrous cements respectively (Ginsburg et al, 1967).
Recognition of nmicritic cenent in ancient carbonates is difficult as it
is similar in anpearance to micrite produced by breakdown of organic
debris (Alexanderseon.l969). The only criterion which can be used to
identify any early aragonite or high Mg calcite cements in the cafbonates
studied'is the presence of fibrous, low Mg calcite cemént because aragonite
and high Mg calcite are no longer preserved. Whether aragonite or high
Mg calcite cepent forms depends on many factors including ion concentration
and the presence of organic compounds (Mitterer, 1971) and salinity and
‘thé Mg/Ca ratio (Paylor & Illing, 1971; MacKenzie & A LT, in7i,.

The mineralogy of the substrate may also control the type of cement
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developved (Glover & Pray, 1971) or not (Glover & Pray, 1971; Land, 1971;
Gihsburg et al, 197l)u Neomorphism of cartonate sediments, including
_any cements, can occur relatively early. Fibroﬁs cements may be
replaced by low Hg- calcite mosaics (Shinn, 1969).
‘ Lithification dnd diagenesis in the meteoric water environment
is discussgd by Bathurst (1971) who gives an idealised scheme of
" 1ithification and diagenesis. The écheme, based mainly on work by Land
(1966), Land et al (1967), Friednan (1964) and Gross (1964), is developed
from studies of limestones in Bermudz, Eniwvetok, Guam and Funafuti which
héve all been more or leas lithified in a freshwater environment. In
all these cases the original unconsolidated carbonate sediment is Jominated
by aragonite and high Mg calcite skeletons. The first sign of change is
for the grains to cohere. Low Mg cement can be seen in the intragranular
pores and in the intergranular pores around the points of grain contact
but,as there is nc evidence of dissolution, the cement must be allochthonous.
The next change is the loss of Hg++ from the high Mg calcite. VWhen all the
high Mg calcite has becoue stabilised considerable mineralogical and fabrie
changes occur as the aragonite is dissolved and precipitated as calcite
in both primary and secondary pores formed by disseclution. Calcitisation
of aragonite and recrystallisation of aragonite and calcite also occurs
without development of a passive cavity. Calcitisation is a wet poly-
morphic transformation of aragonite to calcite and affects both aragonite
skeletons and aragonite cement. Recrystallisation is a growth of certain
crystals at the expense of smaller ones of the same mineral species.
Both are neomorphic processes and result in gfowth of neomorphic spar.

These processes lead to a rigid but still porous entirely low Mg calcite



~rock. Any further reduction in porosity in the subaerial meteoric water
environnent can take place only on the delivery of aliochthonous carbonate,

Diagenetic enviromments are highly complex in thick carhonate
sequences but must be.even more complicated in carbonates such as those

_in the Yoredale Group where they are relatively thin and interbedded with
non-carbonate lithologies. Connate water in the Yoredale Group must have
‘varied fron marine in the carbonates to fresh water in the channel
sanastones and to stagnant acid water in tﬁe.swamps where coals forued.
During burial and compaction nmigration cf this connate water must have
produced complex diagenetic changes. Diagenesis is also complicated

by differences in mineralogy and hence chemistry of the various members
of thé sediment pile which includes in addition %to carbonates, cherts,
sandstones, shales, gannisters, fireclays and coals.

The Single Post Limestone shows clear evidence of subaerial
exposure over the northwest part of the Askrigg Block and was probably
partly lithified in a subaerial environment. Evidence of dissolution is
shown by its irregular corroded top and corroded btioclasts and vugs within
the Limestone. The highly neomorphosed areas producing the mottling are

“ thought to be areas where rainwater percolated through the sediment and
dissolution enhanced porosity. The local development of a caliche in the
southwest part of the Barnard Castle Trough is evidence of carbonate
precipitation in a subaerial environment but elsevhere the cements are
similar to those in the other limestones.

The other limestones show no evidence of subaerial exposure and
are considered to have been lithified in submarine and burial environments.

Cementation began rapidly in the non-argillaceous limestones, before
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compaction sufficient to break bioclasts,and is thought to have started
- in a submarine environment soon.after accunulation of the sediment.
Proof that the initial non-ferroan calcite cement is submarine is
impossible fhough it méy be noted that some of the cement in the
calcilutité biéherm cores is cloudy and similar to that described by
Pray (1958) which he proved was precipitated in a marine environment.

The fifst_generation of ferroan calcite cement is assuned to
have gccurred during burial of the sedimenf.- Incorporation of Fe2+ in
the calcite lattice requires a reducing environnent (Evamy, 1969).
Evamy.(l9b9) noted that reducing conditions under which ferrous iron
is stable in carbonate provinces occur widely below the water table out
only rarely sbove it.

Dolomitisation and silicification are thought to have: cccurred
during burial while carbon dioxide was still being produced by decaying
orgaﬁic natter, though dolomitisation associated with mineralisation

occurred much later.
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THE BEDDED CHERTS.

‘Bedded cherts occur at the base and top of the Underset Limestone
and in fhe Cfow Limestone predominantly in the upper part. Although
someAare non—-calcareous most contain at least a small conponenti of
carbonate. With increasing carbonate the cherts pass into siliceous
”limestones, with increasing clay content into cherty shales and,locally
in the Croﬁ Linestone,with increasing glauconi%e into glauconite
sandstones. l!any divisions could be made on the basis of component
percentages but they would be artificial because the lithologies afe
gradatiohal. The cherts here are divided into those which are non-
calcareeus and those which are calcareous, a distinction whikh can be
-made in the field. Two types of calcareous chert can be recognised,
those‘which contain bioclastic carbonate as an important component and
those which do not, the latter being divisible intoe argillaceous and
non-argillaceous types. |

NON-CALCAREQUS CHERTS.

These cherts have a high SiO2 content up to 95% (determined by
X-ray fluorescence). They occur at the top of the Underset Limestone and
in the upper part of the Crow Limestone but form only & small part of
the cherts. They have a matrix of cryptocrystalline and microcrystalline
quartz with patches of chalcedony (Plate 73,. It is colourless to various
shades of yellowish-orange, yellowish-brown, brown and greyish-orange and
contains inclusions of organic matter, pyrite, clay minerals and carbonate.
Scaftered,silt—sized quartz and grains of glauconite are sometimes seen.
The most obvious component of many of the non-calcureus cherts is

sponge svicules which are sometimes so abundant that they form a framework



to tﬁe rock (Plates 67 and 68). Nearly all are monaxid types averaging
0.05mm in diémeter but varying between 0.01lmm and 0.G%mm in dameter and
up to 2mm in length. They are oriented with their long axes parallel to
the bedding. ‘e spicules are colourless and have a radial chalcedonic
sfrupture in cross section or are conposed of cryptocrystalline to micro-
crystalline quaritz. Their central canal may or may not be preserved.

- Where preserved it is infilled by chalcedony or cryptocrystaline to
microcrystalline silica which may be colourless cor similar to the natrix
of the rock with small inclusions. Oometimes it can be recognised where
 inrilled by chalcedony but more usually it cannot because the chalcedeny
filling the canal has grown in optical continuity with the chalcedony of
the spicules. Hvalostelia spicules, comronly lnm but up to l.5mm in
diameter,are_often sparsely scattered and beccme locally comnon but they
are most abundant in the calecareous cherts and siliceous limestones.
Rarely small triaxons are seen.

: The non—célcareous cherts including those with abundant sponge
spicules, are sometimes laminated (Plates 67 and 68). The lsmination
results from alternstions of light and dark coloured chert laninse, The
darkest laminae are thin, less than 2mm thick, and rich in organic matter
and clay minerals. The lighter laminae are thicker and contain leas
organic matter and clay minerals. The colour of the chert laninae seens
" related tb content of insolubles. VWhere sponge spicules occur in the
laminated cherts fhey are most abundant in, and form nearly all of, the
light coloured laminae whereas in the darker lamiﬁae they are less
abundant. Although the contacts between the laminac are poorly defined

the lamination is too regular to be a diagenetic feature. Its regularity
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and atfitude parallel to the bedding suggests it is a sedimentary

featﬁre reléted to regular changes in environmental conditiohs. Brndley
(1929), Rubey (1929), Bramlette (1946€) and Anderson (1960, 1964 ),
considered climatic changes were the most probable causes of such
laminations. Both diurnal and seasonal cycles can produce lamination

but diurnal cycles would be too shert to produce the lamination sz9n in the
~cherts. Annual cycles are known to froduce laminations of cowmparable
thickness. The lighf coloured laminae wiéh abundant sponge spicules
probably represent seasonal proliferation of organic production,comparable
with seasonal planktonic blooming resulting in the formation of varves.
The darker laninae,containing amongst other insolubles, clay nminerals,
probably represent seasons less-favourable for crgénic production and

associated reduced accumulation.

CALCAREQUS CHERTS.

The calcareous cherts contain carhonate as an impértant component
either as carbonate mud, carbonate silt, skeletal debris, carbonate
cement or several of these components and form the bulk of the cherts.
With:increaSing oarbonate mud and earbonate silt they pass into cherty
calcilutites, with increasing bioclastic debris into cherty bioclastic
calcilutites, bioclastic calcarenites and occasionally bioclas%ic
calcirudites and with increasing clay minerals into cherty shales.

The calcareous cherts contain a fauna dominated by small brachiopods
and, at the base of the Underset Limestone, by fenestellid bryoczoa and a
variable content of bioclastic debris,in a matrix of cryptoérystalline
to microcrystalline quartz.and chalcedony. The skeletal ¢arbonate

includes crinoid, brachioped, bryozoan and mollusc debris, sponge spicules
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énd foraminifera., Wiih the exceptioh of bryozoa,which where preserved
are never silicified, it may or may not be silicified. Both spall
~monaxid sponge spicules and Hyalostelis spicules are seen though the
former are more comnon in the non-calcarcous cherts. Hyalostelia
_spicules are sometimes abundant (Plate 70) and are most common where

the chert is crinoidal. They are usually preserved as cryptocrystalline
to microcrystalline quartz and chalcedony though may be replaced, usually
. only partly, by calcite, ferroan calcite, dolomite or ferroan dolomite
(Plates 70, 71 & 72). The small monaxid spicules are preserved as
cryptocrystalline to microcrystalline auartz, chalcedony, non-ferroan

and ferroan calcite, and dolomite or ferroan dolomite. Like the
Hxalostelia- snicules they are thought to have been originally siliceous
because tlie structure of the spicule, notably the central canal, is
preserved best in those which are siliceous. Where preserved, the canal
ini:both the small monaxid and Hyalostelia spicules may be infilled with
cryptocrystalline to microcrystalline quartz or chalcedony,though sometimes
it is infilled with ferroan calcite and often appears enlarged. In some
spicules where the central cavity is infilled with cryptocrystalline to
microcrystalline quartz or chalcedeny the form of the cavity &® pot
preserved,

The calcareous cherts have a matrix of cryptocrystalline to
@icrocrystalline quartz, chalcedony, mud to silt-sized carbonate, clay
minefals, organic matter and sometimes pyrite, quartz silt and glauconite.
Frequently dolomite rhombs occur in natrix. Cavities in the rock are
filled with a variety of cements including calcite, ferroan calcite,

dolonite, ferroan dolomite, chalcedony and gramular quartz which are
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thought to héve had a similar history to the cements in the limestones
(p. 362).

Often the calcareous cherts contain Zgophycos. Wells (1955)
first described Zoophycos ('cauda galli') from the Yoredale Group in
the Main and Richmond @herts but concluded, "there is not enough

evidence %to decide whether they are due t0 an organism or sedimentary

~ effect". Zoophvcos has been interpreted as the burrows of sediment

inéesting orgarisns (Hantzschel, 1960, 1952; Seilacher, 1967a, 1967b;
and others) and inprints of abandoned prostouial parts of sabellarid
polychaetes (Pricka, 1965, 1966, 1968). However, the majority of
ichnopalaeontologists consider that while some traces may be imprints
most are burrow systens.

Zoophycos in the calcarcous cherts are clearly burrovs. The

- burrow systems are up to 30cm in diameter and consist of arcuate,

radiating,spriite burrows lmm to 2rmm wide usually parallel, but sone--
times sub-parallel, to the bedding. They are preserved as cryptocrystallirne
to miérocrystalline silica darker than the surrounding matriz,with their
spreite as thin arcuzte laminae perpendicular to the burrow walls.
Ogecasionally where the burrows cut one another their relative ages can
be established.

Systematic exploitation of certain layers of sediment shows that
the burrows are those of a sediment ingesting organism. This is supported
by their preferential location in the finer, relatively bioclastic free,
layers of sediment which were prcbably rich in organic material.

Sometimes coarse bloclastic debris encountered by the burrowing orgénisu

has been pushed %o the side. of the burrow. Finer debris in the burrow
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infills is often oriented parallel to the spreite (Plate Ti)e

Although the burrowing organism producing Zrophveos is unknown
Zoophycos has been used as an envirormental indicator. Its use in this
role can Be questioned as it is lmown from intertidal (Lecker, 1970)
'and shallow water sediments ( Bandel, 1967; Hantzschel,

1970; Hecker, 1970) and has been found in & deep-sea core from a depth
i'of 3,800 £t (1160m) in the southeasf Pacific (Seilacher, 1967). However
its presence as a feeding trace shows the‘sediment had enough corganic
material to support the organism. The machanisr ef burrowing allowed
complete exploitation of lamirae rich in organic matter within a certain

radius. The 'cauda galli' (Zoophycos) described by Wells (1955) are
also burrow systems; the burrow spreite are clearly illustrated (Wells,
1955, p.184, Fig. 4.)

The argillaceous cheris contain an importani clay mineral
component and nay be shaly. They are best developed at the base of the
Underset Limestons but also occur above the Underset Limestone and are
sometines seen in the Cyow Limestorne. They coften occur adjacent to

shales. Both the argillaceous cherts and the shales are calcarcous.

" SOURCE OF SILICA FOR FORMATION OF BEDDED CHERTS.

Theories regarding the origin of chert can be divided
fundamentally into those which propose an inorgaric origin and those
which suggest an organic origin. Both inorganic (Sargent, 1929; Vells
(1955; Héﬁ, 1956) and oxganic origins (Hinde, 1887) have been suggested
for cherts of the Yoredale Group. |

The outstunding feature of natural waters i§ their apparent

undersaturation with respect to silica. Except for hot spring waters
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and exceptionally rare waters from evaporite basins, surtace end ground
water§ in nature contuin far less silica than would be expected fronm
lahoratpry eiperiments. Krauskopf (1959) showed experimeﬁtally that
the solubility of amorphous silica in water is SOppm at OOC, 100ppm to
'140ppn at 25°C and 360 to 420ppm at 100°C. Most river waters and
ordinary ground waters contain less than 55ppm SiO2 (Clarke, 1924)

' whilét connate waters comnonly have 20ppm to 60ppn SiO2 (Heents et al,
1942).

The low concentrations of siliea in sea water (O.lppn to 10ppm)
indicate some effective process or processes of removal nust be operating,
sinCeArivers are continually adding water with silica concentrations
many times greater. The principal prccess cannot be coagulation of
colloidal silica by electroiytes as postulated by Tarr (1926) and
Twerhofel (1950) because most of the silica brought'by rivers is in
true solution (Krauskopf, 1959). Nor can the process involve direct
chemical precipitation because sea water is undersaturated with respect
to silica and laboratory experiments show the so}ubility of amorphous
gilica in sea water to be the szme as in fresh water,

Direct precipitation of gelatinous siliéa can only take place
locally where volcanic activity produces abnormally high concentrations
of silieca. Such silica saturated solutions, - which become supersaturated
on cooling, may come from hot springs or be derived from decomposition
of hot lava and ash by reaction with sea water. There is no evidence of
contemporaneous volcanicity associated with the bedded cherts studied
s0 a volcanic origin for the silica seems unlikely.

The adscorption of silica onto suspended particles in the presence



- 394 -

of eleétrolytes vas considered to be an important process by ﬁien et al
(1959) in and.around the east Mississippi deltayat least in the inditial
stages of removul of silica from solution. The adsorption of silica
_onfo ciay ninerals or organic matter has often been suggested since as
ran important process in the removal of siliea fron sea water. However,
recently Boyle et al (1974), afterlstudying gilica removal in the
' Werrimach River, Massachusetts ané previous data on this subject,
coﬁcluded that inspection of déta presentéd by previous authors shows
that in no case has it 5een unambiguously proved that silica exhibits
non-conservativé behaviour during estuarine mizing. Mixing of fresh
and coastal waters in the estuaries themselves,or in the vicinity of
fresh water pluues,is in all cases conservative within uncertainty of
the data. VThe behaviour of silica in the overall mixing of river water
with deep ocean surface water is non-conservative but this is not a
consequence of, nor related to, wmixing. It is presumably caused by
processes conmon to surface water globally. "While it is conceivable
that in plécid estuaries of long residence tine silica could be removed
by diatom growth, the rapid inorganic removal hypothesised by Eien

et al (1959) and others with all its implications of geochemical mass
balance has not been unambigucusly substantiated", (Bovle et al, 1974).

Diagencetic alteration of sediments, or the introductiion ef

silica by later solutions, has been proposed to account for chert
formation. Clay nineral diagenesis may release silica. For example,
the change from montmorillonite to illite involves a silica excess but
the amounts released are too small to account for large scale chert

formation.
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To-day, amdrphous silica is precipitated in the open ocean by
organisus sgch as diastoms, radiolarians, sponges and silicoflngellates.
Adcumulation of biogenic 3ilica has often been prcposed as a source of
silica for chert formation (Hinde, 1887; Correns, 1926; Cressman, 1955;
‘Siever,~1962).

Reiatively lit:le work has been done on the silica secreting
‘organisms of which most has been coﬁcentrnted on the diatons. It_is
uSeful to take the diatoms as an exanmple to try to esfublish their
rel&tionshiﬁ with silica because sinilar relationships may apply to ether
siliceous organisns. |

The ability of diatoms to remove silica from sea water is
impressively shown by the experiments of Jﬁrgensen (1953) in which two
species of diaton reduced silica concentration from initial values of
C.55ppm to 125ppm to the range 0.065ppu to 0.085ppu. These organisns,
which Build their tests out of opal, have the ability to utilise minute
concentrations of silica and to maintain their shells in contact with
a mediun which should dissolve them. Iler (1955) suggests this is
accompanied either by adsorpiion of cations that form insoluble silicates
or by formstion of organic~silica complexes on their surface; the latter
seems noat likely,

This does not mean biogenic rermoval of silica is not conditioned
by changes in silics content of the water. Local diatom blooms nsy ocecur
as a result of high silica concentrations froum volcanic products. Indeed
the association of radiolarian cherts with volcanoes indicates a sinilar
relationship. iaton productivify is deternined by wmany organic and

inorganic nutrients, among them silica (Harvey, 1957) but their use of
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silica is dependent on the silica content of the water. This is
especially well illustrated by fresh-water diatoms living in lakes

of varying SiO2 content ﬁhere, other things being equsl, there is a
direct relationship between population size and available silica
(siever, 1962). Silica deficient shells:are produced in cultures
grown in low siliea nutrient solutions (Harvey, 1957). Diatoms can
pfecipitate silica from solution even at very low concentrations (leus
than lppm) but they cannot be abundant unless there is enough SiO2 in
solution to support the population. Thus a higher productivity of
diatons and resulting faster - accunulation of siliceous sediments is
the consequence of a greater quantity of dissolved silica supplied to
the envirorment.

We know most about the diatoms but available knqwledge of
present and ancient environments suggests that radiolaria and siliceous
sponges act and acted in the saue way. Fundamentally, it is the
contribution of silica from inorganic scurces that determines the
presence, or absence of biogenic siliceous sediments.

Diatoms, wvhich date fron the Mesozoic Era,and silicoflagellates,
which are known to exist from Upper Cretaceous times (3iever, .1962),
obviously could not have contributed silica to Carboniferous rocks but
siliceous sponges and radiolaria are known back to the beginning of the
Palaeozoic and may have existed earlier. Microscopic exanination of
the cherts, including transmission and scanning electron microscopy,
revealed abundant siliceous sponge spicules but no trace of radiolarians.
Radiolarians may have been absent during accumulation of the scdiment

but it sevms m.re probabie that they were present aul hiave been destroycd
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during diagenesis. It is considercd,therefore,that the cherts resulted
from acgumulations of siliceous organicns or remobilised organic
silica.

The development of thick cherts at particular stratigraphie
horizons suggests either primary asccumrulation of silica at these
horizons or remobilisation and precipitation of silica at these levels,
The bedded and laminated nature of many of the thick cherts and the
cormon abundance of siliceous sponge spicules indicates primary
accumulation. As the sburce of silica is thought to be organic the
presence of bedded chert nust reflect greatly incressed and prolific
growth of siliceous organisms which, after death, accumulated on the
sea floor. The productivity of diatoms is related to the abundance
of many organic and inorganic nutrients including silica content of
the water (Harvey, 1957) and providing the environment eam supply the
other requirements fdr growth -there is a direct relationship between
population size and availablé silica (Siever, 1962). This is also
tfue for radiolarians and probably for siliceous sponges. Dense
populations of siliceous organicsms cannot be supported unless there is
an édequate supply of silica. The thick cherts encountered in this
study are thought to result from population explosions of siliceous
organisms resulting frcem an increase of silica in the environment.

Bedded chert occurs in an easi-west belt across the southern
part of'the Askrigg Block at the base of the Undefset Limestone and
acrogss the northerﬁ part of the Askriryg Bl&ck and southern Barnard
Castle Trough.at the top of the Underset Limestone and in the Crow

Limestone. It is not confined to either the Block or the surrounding



- 398 -

basins bu’ spans the Block edges. Its absence along the southern edge
of the Askriyse Block at the base of the Underset Limestone is considered
to result from non-accumulaticn due to too great a water depth for
siliéeous sponge habitation. (p.417).

The distribution of chert eround o> near the faults hounding
the Askrigg Block, especially well shown by the chert et the top of the
' Underse;.iimestone which is developed around, and is thickest near, the
Stockdale Fault, suggests the faults were'important in chert formation.
Association of bedded chert with periods of fault movement (discussed
later p.417) confirms this. The bedded chert at the base of the
Underset Linestone is related to downward movement of the southern edge
of the Aékrigg Block, probably along the Mid Craven Fault, wherecas the
chert at the top of the Underset Limestone accumulated during downward
movement of the northern edge of the Askrigg Block along-the Stockdale
Fault. The bedded cherts in the Crow Limestone are associated with
upward novenent of the northern edge of the Asurigg Block aleng *he
Stockdaie Pault. Their location, douinantly at the top and to a lesser
extent gt the base of this Limestone, can be related to two phases of
uplift. This is substantiated by two periods of erosion of the Uldale
Sill on the south side of the Stockdale Fault during accunulaticn of
the lower and ugper parts of the Crow Limestone. The faulis are thought
to have acted as channels of escape for connate water with a relatively
high silica content,expelled by compaction of the thick succession of
siliceous deltaic sediments. Its release into the sea ﬁater resulted in
proliferation of silicecus sponges and probably other siliceous organisms

now not preserved which, after death, accumulated to form biogenic chert..



- 3399 -

LITHIFICATION AND DIAGENLEGIS OF THE BEDDED CHERTS.

During lithification and early diagernesis the siliceous organisms
trapped in the sediment would tend to slowly dissolve as the interstitial
fluid, essentially sea water, would be undersaturated in silica. The
~rate of dissolution depends on many facters including the rate of

decomposition of organic maiter which protécted the siliceouuy organisms
-during life and the concentration of silica in solution. It terds to
slow as the conceniratiom of silica in solﬁtion increases, Dissolution
of very small siliceous organisms, points and thin edges of siliceous
skeletons and areas of grain contact, would occur first. The large
surface areas of the siliceous organisms gives rise to high solubilities
and rates of solution that can lead to supersaturation and consequent
precipitation of silica or replacement of non-siliceous conmponents sugh
as bioclastic carbonate.

Emery & Rittenberg‘(l952) have shown by analyses of ingerstitial
waters‘of’modern seédiments that increases in dissolved silica can occur
beneath the sedinent surface and both they and Bruewich (1953) give

evidence of approximate saturation.
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THE ARLNITES.

The arenites encountered are all sandstones. They can be
‘subdivided into calcareous, micaceous and glauconitic quartz sandstones

‘and glauconite sandstones.

© MICACEOUS SANDSTONES.

licaceous sandstones comprise part of the Lower and‘Upper
Partings in fhe southweét Barnard Castle Trough but only reach the
northwest edge of the Askrigg Block where they become calcaréous. Trhey
form part of a sequence coarsening upwards from shales,through siltstones
into sandstones and are considered to be the distal sands of a delta
located farther north. A detailed study or these beds has not beeh
made but the sandstones consist of very fine to mediun, doﬁinantly
angular to subangular quartz with mﬁscovite. They are poor t§ moderately
well sortea,and, besides accessory minerals including feldspar and
heavy minerals, often contain carbonaceous material. Parsllel or ripple

cross-lamination is conmon.

CALCAREQUS SANDSTONES.

| ‘Calcareous sandstones locally form the base of the Single Post
Limestone on the north slope of Whernside and the Lower Parting in an
around Garsdale and in a small area near Cam Houses (Fig. 16). They
consist of puor sorted, angular to subangular, very fine to medium quartz
- sand and quartz silt in a ferroan calcite cenent (Plate 75).. Absence
of the n&n—ferroan calcite cement which pre~dates the ferroan calcite
cernent in the carbonates,vshows lithification of the sands started after
initial lithification of the carbonates, probably during burial (p.363).

The sandstones contain scattered bioclastic debris which increases in
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abundance vhere they pass laterally or upwards into sendy limstones

- (Plate 76).

4GIAUCQ_ILLTE AND GLAUCONTITIC SANDSTONES.

| Glauconite and glauconitic sandstones lorm the upper and lower
part of the Crow Limestone around the sandbank on the south side of the
Stocikdale Fault and in the basin to the rnorth. To the south they pass
into coarsely crinoidal linestones and to the north info sandy and silty
glauconitic cherts.

Quartz sand and silt derived from the Uldale 5ill forms the
fine to medium grained sandstones at the base of the Crow Linecstone in
Birkdale Beclk (NY 837018) and the lower and upper parts of the Crow
Linestone in Fossdale Gill (SD 863958). They contain glauconite, pyrite
and small phogsphate nodules in a natrix of cryptocrystalline te micro-
crvstalline quartz and.ferroan dolomite. Sparse bioclasts,including
Hyalostelia spicules, crinoid ossicles and brachiopod fragments, are
also seemn. |
In the basin déveloped locally arcund Whitsundale,iorth of the

sandbank, glauconite becomes abundant and replaces quartz as the dominant
mineral. Here the upper and lower beds of the Crow Limestone are
glauconite sandstones which,in places, show iraces of cross-lamination
(Plates 77, 78, 79 & ). The glauconite is associnted with scattered
8ilt to fine quartz sand in a natrix of cryptocrystalline to nmiero-
erystalline silica and phosphate. Nbduiar rhosphate is also comuon
(Platei78) and the sediments, rich in organic matter, ofteﬁ contain
4dophreos and disseminated pyrite.

In thin section the glauconite grains are pale green, usually



rounded and average 0,15mm in diameter, though grains up to O0.3mm are
seen., Some are aggregatgs of randomly oriented, microcrystalline
glauconite platelets but others have an Qolitic structure or a
micaceous cleavage.

The oolitic grairs (Plates 80, 81 & 82) usually have a
nucleus of randomly oriented microcrystalline glauconite platelets
surrouﬁded by concertrically oriented glauconite platelets with their
c-axes perpendicular to the grain surface. The outer zone varies from
being absent to comprising nearly all of the grain. It is paler than
the nucleus, very pale green to very pale yellowish-greem, with higher
birefringence and is characterised by a black extinction cross in cross-
polarised light. The oolitic structure is developed best im spherical
grains vhere the outer zone is thick. It is also well developed on
well rounded. grains but on elongate or irregular grains oolitic rims
are poor or anseni.

The oolitic‘structure suggests these grains developed in
agitvated water buf whether they are true ooliths or merely coated grains
is not known. It is unlikely they are glauconitised carbenate coliths
because they have a nucleus of glauconite. If they had been originally
carvonate accretion around some ¢f the associated quartsz grains would
be expected. The possibility that the structure is that of a reaction
rim is unlikely because, though well developed on spherical grains, they
are poor or absenf on those which are irregular. It scems likely that
aggregates of glauconite platelets acted as nucleii for additonal
glauconite accretion.

Many glauconite grains show a cleavage which may be pronounced.
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They are platy, ellipsoidal,or vermicular and have a parnllel or sub-
parallel cleavage. Tre origin of these grains can be traced through
a series of transitional stages to a precursor, biotite. Glauconit-
isation of biotite is well known (Galliher, 1935, 1936 & 1939).
‘The scattered flakes of Diotite in the glauconite sandstones are
colourless, very pale green or pale hrown and are often pleochroie
lfrom almost colourless or very pale'greem to very pale brown. The
first sign of transformation to glauconitc'is the apnearance of a
greenish alteration around the periphery and along the cleavage of
the biotite flake. This is accompanied by expansion perpendicular to
the cleawage which results in an expanded green platy crystal with,‘
decreased pleochroism and birefringence. Expansion is often irregular
and the cleavage becomes sinuous. As glauconitisation proeeeds
centripetally from the periphery of the grain,and preferentially along
the cleavage, the edgné of the biotite flakes freauently expand beiore,
or more than, their centras, producing flared ragged ends. Although
many grains of glauconite‘still show a vell developed cleavage in cther
grains it is orly just recognisazble. Purther glauconitisation destroys
- the clcavage and the grain is replaced centripetally by non-plecchroie,
microcrystalline glauconite of low birefringence. Total glauconitisation
leads to.a grain composed of an aggregate of micrecerystalline glauconite
with no preferred orientation.

Although some of the mére glauconitised grains are rounded nmany
are not. VWhereas the oolitic glauconite formed in the agitated
environment on the shoal along the south side of the Stockdale Fault

(p.32%) many of the inherently fragile glauconitised biotites, especially
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those with expanded ragged edges could not have surviwved such conditions.
It seems>the biotite was glauconitised more or less in situ in the basin
after derivation and transportation from the sandbank. Glauconite
formation in the basin can be prove& where glauccnite contained withini
phosphate nodules is of a smaller =ize than in the surrounding sediment.
The in situ formation of phosphate arrested development of glauconite
within the nodule whereas outside it continued to grow.

The glauconitic rocks contain rounded phosphate nodules conmonly
len to Scm but up te 10cm in diamater (Plates 83, 84 & 85). In thin
section the phosphate is dark to light brown. Several generations can
- be recognised. The oldest parts of the nodules, usually thekcentres,
are darkest and fora accretionary rmucleii for later generations (Plate 85)
which nmay join several older nodules. 3Besides the general colour
difference, the periphery of each generation of phosphate is darker
than the rest of the nodule (Platc 84). This suggests the rate of
accretion was not uniform.

The phosphate nodules contain abundant sponge spicules (Plates 83
and 84) and variable quantities of quarts and glauccenite. Nearly all
the sponge spicules are nonaxid types. mxcluding Hyalostelia spicules,
which are sparsely scattered, they are usually about 25 nmicrons but up
to 50 microns in diamoter and form up to 205 of the nocules. Moot are
rhosphatised@ but some are glauconitised whils*t others are preserved as
one or two crystals of dolomite cement, usually ferroan dolomite, cr are
siliceousu- The siliceous spicules consist of cryptocrystaliine to
- mierocrystalline quartz or chalcedoﬁy and usually have their eentral

cunal preserved,often with an infilling of phosphate or ferroan dolonite.
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The central canal in the spicules preserved as ferroan dolomite,
phoaphate or glauconite is not usually recognisable. Although
calcareous sﬁicules can be silicified ond well preserved, the good
preservation of the central canal and spicule wall in the silicecus
spicules suggests they were originally siliceous.

. Hyalostelia spicules are seen occnasionally outside the
phosphate nodules in the chert matrix of the rock but small monaxid
sponge spicules are absent. It seems probable that the spicules were
.driginally abundaint throughout the sediment rather than occurring in
very lccalised dense concentrations but that during diagenesis’
only those entombed in phosphate were preserved. The spicules outside
the phosphate nodules appear to have dissolved without trace whereas
pany of those within the nodules were preserved as silica, by
glauconitisation or phosphatisation, or,after dissolution,as molds
which later bvecame infilled with dolomite, ferroan dolomite and
possibly phocphate. The silica dissolved from;thg sticules seens te
have replaced,or have been precipitated in,the sediment outside the
phosphate nodules and new forms the siliceous nmatriz.

The nhosphate ncdules contair glauconite and quartz. Both
increase in abundance towards the periphery of the nodules and are
more abundant in the later than the earlier generations of phospiate
(Plate 85%). This snows phosphate accretion occurred during compaction
of the sediment but compaction structures around the nodules shows
they 1ithified befofe final compaction of the surrounding sediment
(Plate 75).

Perroan dolomite is common in the glauconitic rocks as both
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a cement and a replucenent. Glaucomite grains are often replaced
preferenfially,either partly or completely, by one or sometimes a few
rhombohedral ferroan dolomite crystals (Plates 81 and 82).In.uany
cases dolonite growth ceased at the edge or the glauconite grain but
in others it exterds beyond and rewlaces the cryptocrystalline to
microcrystalline siliceous matrix. Ferroan delonite also pseudomofphs
spicules in the phosphate nodules and sometimes replaces those which
are glauconitised. IFractures which transect the nodules are usually
filled with ferroa:n dolomite. It is coarsely crystalline and post-
dates lithification sufficient to allow brittle fracture. Restriction
of many fractures to the nodules, like the compaction structures
arcund the nodules, shows the surrounding sedimént was lithified afier

lithification of the phosphate.
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LUTITES.

The 1utites conprise shales and omudstones which are usually
caléareoué,but whereas shales are common nudstones are rare. Their
‘mineralbgy has not been studied.

Non~calcareous to slightly calcareous shales occur in the
lower and Upper Partings in the_northwest where th¢y_consist doninsntly
" of deltaic sedipents. The shales, éften nicaceous and sometimes with
small siderite nodules, pass upwards into siltstones and sandstones.
Poorly:calcareous shales also occur in the Crov Limestone . In the
basin developed north of the Stockdale Feult around.whitsundale they
contain siderite and phosphate nodules; elsevhere they are often
silicified.

The nost comnon lutites encountered within the limestone
formations are calcareous shales. They are comuon in the Lower Parting
and form nearly all the Upper Parting on the Aslkrigi Block. They also
occur in the cherts below and above the Underset Linmestone, between the
Underset Limestone and overlying chertyand in the Crow Limestone. A
fauna ineluding brachiopods, and crinoid and biyozoan cs¥iis is often
present. VWhere shales occur in cherts or cherty linestones they are
usually silicified, Besides well developed shales thin shule partings
or films. are seen. They are comnon in the ILower Parting, the Cocitleshell
Limestone, the Scar Limestons, the cherts above the Underset Limestone and
the CrowlLimeston‘e° Mudstones occur only in the Lower Farting and the
chert above the Underset idimestone. Calcnreoué tudstone infills the
irregular surface of the Single Post Limestone in Whitfield Gill

(SD 93%923) and forms the lowest bed of the Lower Parting. In Birkett
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Railvay Cutting (HY 774029) a thin nudstone also occurs in the lower
Parting underlying a thin coal. The mudstones in the chert above the

Underset Limestone seen in the north are often shaly.
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GENERAL COWCIUSIONS
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CONCLUSIONS

‘The carbonates of the JYoredale Group investigated in this
‘study, the Middle, Underset and Crow Limestones, consist dominantly
of micrite with skeletal carbonate debris and a marine fauna including
crinoids; brachiopeds, corals, bryozoa, molluscs, algae, foraminifera
and sponge spicules. The prolific but varied fauna, the occurrence of
bioherms and biostromes and the absence of evidence of hypersalinity
suégests they accunulated under shallow mérine conditions of normal
salinity.

Dominrance of carbonate mud has often heen taken to indicate
accumulation in quiet water conditions but work on modern carbonate
sedinents has shown the ratio of matrix to cement is not always a
reliable environmental indicator. Carbonate nud can accumulate in
relatively high energy conditions where marine grasses locallﬁ_restrict
_current flow and eventually stabilise it by the binding action of their
roots and rhizomes (Ginsburg & lowenstam, 1958). Crinoids probably
played a sinilar role in the Yoredale times especially in the vicinity
of bioherms vwhere growth was dense. Not only would they restrict
current flow but they would also trap mud in their debris and stabiliso
it with their anchoring 'roots'. It nust be remembered, however, thot
carbonate mud can 1lso infiltrate clean-washed calcareniter and
calcirudites aftqr initial accurulation during periods of reduced current
activity or by bioturbation. ‘

Conversely, absence of carbonate mud from rocks retaining their
original depositional textures does not always indicate non-accumulation

or renoval due to water turbulence. HMicrite-free calcarenites can
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accumulate‘where only éoarse carbonate sediment is beingvproduced.
Currents nced only be sufficient to by-pass fine sediuaent.

. The size, sorting and rounding of allochens is often used in
environmental interpretation but the assunption cannot be made fhat
'in a turbulent environnent the sediments will be coarse, well sorted
and well rounded. Allqchem size depends on other factors in addition
to sorting, including the size of allochems potentially available for
accﬁmulation and the sizes to which they Hreak down. If allochems are

initially of similar size the sediment will give the false iImpression
that it is well sorted. Equation of sorting with grain size is also
’misleading. Sorting is related to hydraulic properties of the grain
of vhich size is only one factor. Other features of great impertance
are shape and density. Pore space 1s obviously imrortant especially
in skeletal carbonate,

Rounding has often been used as an indicetor of nechanical
ahrasion and therefore enersy of the environment but its interpretation
is extremely couplex (Ham & Pray, 1962). Breakdown of skeletal carbonate,
for example, is frequently biological. This can also produce rounded‘
allochens. |

Evidence of current activity is seen in all three Limestones.
The locally sandy base of the Single Post Limestone shows the underlying
sand was locally redistributed during accumulation of the lower part of
the ﬁimestone. Later, after uplift, the Single Post Limestone was
removed in an area weat of the northwest part of the Askrigg Block and
the unaerlying sand eroded and transported into and around Garsdale

where it accunulated to form the Lower Parting. TFurther evidence of



- 414 -

current activity is shown by non-accunaulation of the Crow Limestone

along: the south side of the Stockdale Fault in the rzgion of Creat
Shunner Fell. Here uplift of the north edge of the Askrigg Block

along the Stcciidale Fault elevated fhe Uldale $5ill above surge base,
causing erosion and transportation of the efoded sand into the surrounding
less turbulent areas where the Crow Limestone was»accumulated° Crosg--
lamination of *the sand is not widespread though it can be recognised

in éll these cases.

Oncolites in the Scar Limestone with concentric algal coatings
around nucleii, the 'oolitic' structure of glauconite in the Crow Limestone
and the presence of apparently rolled and abraded corsls in the coral
biostrone at the base of the Underset Limestone show that moveront of
pafticles by currents did occur.

However, the absence of widespread cross-—lamination, .the presence
of a large nusbter of fossils in situ, especially colonial corals and

Gigantoproductus, and the ahundance of carbonate mud sugirest the

environment was not highly turbulent.

Vater dopths are difficult %o cuantify. The abundant fauna
suggests the sea was shallow, though stromatolites and carbonate coliths
are absent. As the bioherms stood as primary elevations on the sea floor
and show no evidence of ever having been subaerially ezposed, their
relief of up to I0m indicates a mininuwz water depth. The factor iiniting
their grqwth nay have been surge base.

Tt seems the cuarbonates accumulated in a shallcw to-deep subtidal
marine environment of normal salinity. Water depths are considered

generally to have increased from rorth to south, an increase responsible
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for non-accurulation of the Underset and Crow Limestones over the
southern part of the Askrigg Block.

The ébuﬁdunt slteletal carbonate in the limestones shows
they are‘esscntially biogenic.. lioet of the finer carbonate mud and
silt is probably also skeletal carbonate which has undergone biological
Qr mechanical breakdown. Bioherms were major sources of carbonate
sediment. They locally swell the thickness of the limestoneé and mark
places exceptioﬁally favourable for carboﬁate production.

Comparison of the distribution of hioherms in the three Linestones
studiea shows they moved progressively northwards with time. Their
loca%tion nust have been controlied by numerous environmental factors,
anongst tnenr water dépth. Their lateral displacement with tine is thought
to result fron changes in relative water depth caused by tilting of the
Askrigg Block. Using this and other sedimentological informetiongpars
o the tectonic nistory of the Askrigg Block can be established.

Although no biohe:ms are exposed in the Single Post Lirestone, the
coarse crinoid-sien calcirudites seen in the extrenme southeast prohably
indicate their close proximiiy. Accumulation of the Single Post Limesione
was terminated, at least in the northwest, by uplift which subaerizlly
exposed the Limestone and resulted in widespvread formation of an emcrsion
surface, internal dissolution end local developnent of caliche. After
resubmergence deltaic shales, siltstores and sandstones invaded the area
from a nqrthcrly direétion. A thick sequence of deltaic sandstones and
shales were deposited in the southwestern part of the Barnard Castle
Trough forning the Lower Parting. The Lower Parting thins southuards

across the Askrigg Block where marine rather than deltaic conditions
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prevailed. Only the shales persist any distance onto the Block beconing
calcaréous and interbedded with calcilutites beforebfailing conpletely.
Stili farther south the ealcilutites also fail and the Lower Parting is
absent over the southern part of the Askrigg Block. The reason for its
absence here is unknown though resubmergence of the northﬁest part of the
Askrigg Block may have been accouplished by a hinge movement which.uplifted
the southcfm area but there is no evidence to suggest this region vas ever
subaerially exposed.

While the Single Post Limestone was subaerially exposed it was
conpletely renoved in an area west of the Dent Fault,to the west of the
northwest part of the Askrigg Block, exposing the sandstone beneath, Af+er
fesubmergence the exposed sand was eroded and transpofted by currents
eastsoutheastwards into Garsdale where it accumulated to form the Lover
Parting.

After accunmulation of the Lower Parting, carbonate accumulation
Becdme established over the entire area and résulted in formation of the
Cockleshell Limestone. The bioherms in this Linmestone, 1ocated in the area
rorth of Grassingion, suggest the optimum habitat for bioherm growth had
moved slightly northwestwards frou that in the Single Post Limesions, a
result of slight downwarp of the southeasternm corner of the Askirigy Block.

Accunulation of the Cockleshell Limestone was halted by
re-establishment of a deltaic influence and accunulaticn of the Upper
Parting. A thick sgquénce of deltaic shales, siltstones and sandstones
was deposited in the southwestern Barnard Castle Trough bui only the shales
ﬁersist any distance onto the Askrigg Block where marine rather than deltaic

conditions prevailed. The shales represent the distal deposits of the
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delta to the north and fail over the southern part of the Block where
the Upper Parting is absent.

After the main influx of terrigenous sediment, carbonate .
accunulation became re-established and resulted in formation of fhe Scar
Limestore. Bioherus developed around Redmire, Penhill and Plover Hill
about 20kn north and northwest of the bionerms in the Cockleshell Liuestone.
"Their location suggests further deepening of the sea over the southerm
area caused by +tilting of the Askrigg Bloék down to the south. The oncolites
in'the Scar Limestone grew where the sea was shallowest over the northwest
part of the Block.

| In the Undersetv Limestone location of bioherms across the northern
part of the Askrigg Block and in the southeastern Burnard Castle Trough
shows another shift of optimum water depth %o the north. Tilting of the
Block to the south is supported by absence of the Limestone over the
southern part of the Block due to too great a vater depth preventing
production of carbonate.

Ho bioherms are exposed in the Crow Limestone but its coarsely
crinoidal character alonz the north edge of the Askyigg Block around the
sandbank .developed on tle south side of the Stockdale Fault suggests
further tilting of the Block. Uplift of the north edge of the Block
along the weust end of the Stockdale Fault resulted in elevation of the
Uldale Sill abeve surge base +o form a sandbank on which the Crow Limestione
-did not gccumulate. The sandbank was eroded by currents and its sand
fransported off the bank., %“he abundance of sand at the base and top of
the Crow Limestone records two phases of uplift.

The bedded cherts associated with the Limestones are biogenic.
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They merk proliferation of siliceous orgunisms during periods of rilease
of Siiica—rich connate water along faults, lNot only doec their
distribution show a relationship to faults but thcﬁr appearance coincides
with periods of fault movenent. The bedded chert at the base of the
Underset Linestone narks downward movenent of the southern edge of the
Askrigg Block, probably along the Mid Craven Fault whereas the bedded
chert at its top narks dowmward riovenent of the Askrigg Block alownyr the
Stoékdale Fault. The bedded cherts in thé Crow Jldinestone are associaied
7ith upward nmovenment of the northern edge of the Askrigg Block along the
Stocklale Fault. Their location, dominantly at the top but also at the
base of the Crow Limestone, can be related to two phases of uplift. This
is sqpstantiated by two periods of erosion of the sandbank formed by
uplift of the Uldale 5ill on the southzide of the Stockdale Fault.

The repetitive nature of the beds ¢F the Yoredale Group has been
known since rPhillips’ (1836) time. It results from interplay between two
~broad enviromments, a shallowv sea in which carbonate accunulation was
normal and a delta which pericdically invaded the sea depesiting
terrigenous sediment and preveniing carbonate accurnlations.

Many theories have been proposed with regard to cyclothenic
sedimentation (Westoll, 1962). They can be divided fundamentally into
those which propose & tectonic origin and those advocating clinatic
control. Cyclical uplift, follcwed by erocion to base level, then warine
transgre;sion aTter regional subsidence was favoured by Hudson,(1924,
19%33), Dunhan (1950) and Bott & Johrsom (1967) whereas eustatic changes
have been proposed by Wanless & Sheppard (1936) and Ransbottom (1973).

Moore (1958) considered the cyclothens resulted fron invasion of a
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shallow sea in which carbonate was accumulating by a delta, build-up
of deltaic sediments and eventual abandonnent of the delta by diversion
of the main distributaries. Regional subsidence eventunlly caused
subnergence of the delta top below sea level and allowed carbonate to
accunulate once rnore before re-establishment of deltaic conditions
over the aren. As nany limes*tones directly overlie delta tops with

' seat.earths and coals, carbonate accumulation presumably began in very
shallow water which gradually increased in depth, at least during the
early stages of accumulation. It seems likely that delta abandonment,
a well documented feature of modern deltas, and tectonic movement, for
which there is abundant evidence, were most inportant.

Whichever theory or theoriss are correct ‘the carbonates studied
contain sbundant evidence of tectonic movement. The najocr cause of
these movements is related to differentisl subsidence along the faults
bounding the Askrigg Block. The surrounding basins were generally
subsiding faster than the Block. Locking or increased drag on the
faults caused tilting or downwarp of the Block edges. Tilting was
sometimes conmpensatory, downward novement of one edpe being accompanied
by uplift of the opnosite edge. lovements on the Block, not directly
related to motion on the boundary faults, shows that, contrary %o popular
belief, the Askrigg Block is not monolithic (see lMoore & Cousins
discussion on Burgess & Mitchell, 1976). The movements altered the
sedimentary environments and are recorded by variations in thickness
and lithology, the locaticn of, and relationships between, certain
lithologies and the presence and position of erosion surfaces.

Further detailed documentation of the Yoredale Croup viewed in
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regional.perspective will no doubt enable a much greater understanding
of the gedinents, the environments in which they_accumulated and the
tectonic history of the aresu. The limestones, so often described nerely
as 'erinoidal limestone' in the nast contain a wealth of information for
\interpretation by the active researcher. At this stage detailed field
work seers essential. The carbonates need to be examined carefully

Aand described and interpreted in the light of recént advances in
carbonate sedimentology. After working oﬁ these rocks one is left with

an awesome feeling of how much there is still to be done.
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"APPENDIX,

Thin Sections.

"a) Manufacture.’

The iarge area thin sections used in this study were manufactured
using standafd technidﬁes. Most rock slices were cut perpéndicular to
the bedding and mounted on 3" x. 2" glass slides, then ground to a
thickness of about 30 nicrons and stained.with an acidified solution of
: aliﬁarin red S and potassium ferricyanide to differentiate the various
carﬁonate minerals (see below). After staining they were sprayed with
*Trycolac', a quick drying liquid.cover #lass which has a refractive
iﬁdex similar to that of glass, does not affect the stain and is
unaffected by water and immersion o0il. This eliminated the tedious and
time consuming task of remounting the thin slice in Canada Balsam under

a cover slip and the risk of damaging the stained surface.

b) Staining.

i) Method

E&éh‘thin section was stained with an acidified solution of

alizarin red S and potassium ferricyanide following the method outlined
by Dickson (1965). Besides differentiating dolomite from calcite it
also enabled detection of variations of ferrous iron content within them.

First each thin section was washed thoroughly in distilied water
and étqhed in 1.5% HCY for 10 seconds to remove any carbonate dust still
adhering'to its surrace. The etched thin section was them immersed in an
acidifiéd mixture of the two stains (0.2 grams of alizarin ¥ed S per
100cc of 1.5% HCl and 2.0 gfams of potassium ferricyanide per 100cc of

7 ; ; PR : ; . .
1.5/ HC1 mixed in a ratio of alizarin red S solution' to potassiunm
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ferricyanide solution = 3 : 2) for 45 seconds, each stain working
-iﬁdependently and wiinent mutual interference. The now partially
stained thin section wa§ them immersed for 10 seconds in an acidified
solution of alizarin red S only (0.2 grams of alizarin red S per
{10000 of 1.5% HCl) to anhancé colour differentiation. After rapid
 but caréfﬁl washing with distilled water, the thin section was dried
" as quickly as possible because the stain is relatively soluble in
yater. Care was taken not to touch the sfained surface as the stain,
'only'a surface precipitate, is easily rubbed off. Distilled water
" was used for making up all the solutions and washing off the surplus

stain from the thin sections after each stage of the proceedure..

The staining technique outlined above enables recognition of

'caicite, ferroan calcite, dolomite and Terrcan dolomite by positive

colour differentiation as shown in Fig. 65.

STAGE PRCCEDURE TIME CARBOIATE RESTULT
Etching Calcite
Considerable eiching
1 1.5% Ol 10 secs Ferroan Cnlcite .
Dolonite Heglible etching
Perroan Dolonite | Sume etching
Staining Very pale pink to red
o Calcite (depending on optizal
orientation
0.2g alizarin reéd S per Very pale pink to red +
100ce  1.5% Al Porroan calcite | E2le dlue fo dark blue
. + (Two superinpesed give
1 2.0g potessium ferri~ 45 sees. pauve, purple .to royal blue
cyanide per 10Gcc 1.5 : A N
‘ HC1 Dolomite No coiour
pixed in ratio 3:2 Perroan dolomite | Pale to deep turquoise
depending on ferrous
content.
Sinindye R
_a_._alm__lh. Calcite Very pale pink o red
m 0.2g alizarin red S per 10 seca Ferrcan calcite
&
) ) 100ce. 1.5/ HC1 _ Dalomite
: No colour
Ferroan dolorite

Ver; pale pirk to red
Calcite \depending on ontical
orientation)

Ferroan crlcite | Mauve, pursle <o ryal hlue -

) m h
RESULTANT STAINS Dolomite No colour

Pale %o deep turiinise
FPerroan dolomite | dependi: g on ferrous
content. |

Fig.6%. Staining proceedure ror differentiation of carbonate minerals.
(after Dickson, 1965).
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ii) Discussion.

It was tnought at one time that dolomite could be
distinguished from calcite on the basis that dolomite alone contained
ferrous iron and would, therefore, stain with potassium ferricyanide
but work wy:Bvamy (1963) has shown this to be incorrect. It is now
known that any carbonate mineral cqntaining small quantities of
' ferrous iron will stain providing the carbonate can be made to react
with an acid medium.

The intensity of the staining precipitate iunparted by
potassium ferricyanide (Turnbull's Blue) to the ferrcan carhonate
has often heen taken to reflect the anount of iron present. This is
" not strictly true as the intensity of the stain depends on the rate
of liberation of Fe'' from the carbonate via an acid solution to the
stain. Ferroan calcite and ferrocan dolomite which stain with the
same intensity irndicate the presence of much more iron in the dolomite
for it has a much slovwer reaction rate. Even in a single zoned
ferroan dolomite crystal the depth of the stain is not proportional
to ferrous iron content, for the reaction rate increases with
increasing FeCO3 (Dickson, 1965). Other substances such as zinc,
cadmium, manganese, copper, nickel and cobalt give a variety of
yellow and brown precipitates whilst ferric iron produces a red lale
(Dickson, 1965). Fortunately the colours of these precipitates do
not rememble that of Turnbull's Blue aﬁd, therefore, no confusion
can arise.

At room temperature alizarin red S is.most Belective as a-

stain in a concentration of HC1 between 1% and 2% At the 1.5% plus
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level the thickness of the thin section is greatly reduced and the
staining becomes pale, whilst adherence of gas bubbles to the surface
being treated sonetimes yields unreliable results. Lower
Aconcentrations produce a stain so thick that it obscures the fine
detail of the thin section and desiccation cracks are likely to
develop over the stained surface as it dries. An important featuré
" of the stain at the 1.5% acid concentration (which does not affect
the Lakeside mountiné nedium) is that wiﬁh calcite a surface
parallel to the c -axis is more deeply stained than one normal to
that axis. This is especially important in fabric analysis where
optic orientations are required.

The difference in solubility between calcite and dolomite
in dilute HCl means that in a thin section of 30 microns calcite is
etched to approximately 15 microns whilst dolomite remains at 30

microns. 'he difference is easily observed under the microscope.

Acetate Replicas.

a) Carbonate replicas.

A flat surface of the rock was polished, washed, dried and
then etched with 1.5% HC1 for 1 minute. When dry, -after washing
with distilled water, the etched surface was coated with acetone
and a piece of acetate sheeting carefully smoothed onto the surface.
The specimen was then left for at least 1 hour to dry,after which
the acetate was peeled off carefully. 1In order to remove any carbonate
grains adhering to the peel it was washed in 5% HC1, then rinsed in
distilled water, dried and mouﬁted. Acetic acid can be used instead

of HCl in the etching process but it tends to etch selectively along
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intergranular boundaries.

b) Stained carbonate replicas.

A flat surface of the specimen was polished and etched as
in the preparation of carbonate replicas. This surface, after
'washing in distilled water, was stained for 2 nminutes in an acidified
solution of alizarin red 5 and potassium rerricyanide (0.2 grams of
alizarin red S per 100cc of 0.5% HC1 and 2 grams of potassiun
ferricyanide per 100cc of 0.5/% HC1, mized in a ratio of alizarin red
5 solution to potassium ferricyanide solution of 3 : 2). A lower
concentration of HC1l than in the thin section staining was used te
produce a more intense stain. After careful washing with distilled
water, but before the surface was completely diy, the stained surface
was held horizontally and covered with acetone. Acetate sheeting
was then rolled onto the surface and left for at least an hour before
it was removed bringing the surface precipitate on the rock off wit

it. The resulting stained peel was then nounted.

¢) Chert replicas.

Acetate replicas of cherts vere prepared in a sinilar manner
to that outlined above for carbonates except that hydrofluoric acid
was used as the etching agent instead of HCl. The etching time
required proved variable depending upon the type of chert but examination
of the specimens under & birecular microscope during the etching
process showed when they were suitably etched.

Thin Sections or Acetate Replicas?

To access the relative advantages and disadvantages of stained

thin sections and stained acetate replicas both were made in the initial
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stages of this research,

The main advantages of acetate replicas over thin sections
is that they are much quicker to make and,if required,can be made
to replicate large areas of the rock relatively easily. They can
' show greatér textural detail than thin sections after application
of careful selective etching and can be used directly as negatives
in an enlarger. Non-stained and stained replicas can be made from
a rock surface with only slight further grinding and etching and,
if required,several dirfferent staining techniques can be applied.

Despite these advantages acetate replicas have serious
disadvantages. They only replicate the rock surface and do not
allow direct observation of its mineralogy. Addition of the solvent
to the stained rock surface can cause diffusion of the stain and,
as the stain is g surface precipitate, some detail of the underlying
fabric is inevitably lost. For these reasons thin sections were
preferred to acetate peels. Even though their manufacture was more
time consuming than that of peels it was felt that the extra effort

was well spent.
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Plate 25.

Bioclastic nmicrite with poorly preserved brachiopod debris.
The matrix has neormorphosed to microspar which is ferroan
in places. (stained thin section, p.p.l., X 40)

Lover Parting, Whitfield Gill (SD G30923), Vensleydale.

Plate 26.

Bioclastic micrite with burrow infill containilyg tension
fractures filled with non-ferwrovan calcite cenent. The
matrix of the biomicrite has necomorphosed to microspar
and pseudospar. (stained thin section, p.p.i., x 40)

Lover Parting, Wnitfield Cill (8D 930923), Wensleydale.



Plate 27.

Plate 28,

Sparse pelmicrite with poorly defined micrite aand nicrospar
pelletoids and sparse bioclastic debris. The nmicrite matrix
has neonorphosed to microspar and pseudospar.

(stained thin section, p.p.l., x 40)

Lower Parting, Whitfield Gill (SD 930923), Wensleydale.

Argillaceous sparse biomicrite. The bioclasts, douinated by
brachiopod debris, show evidence of compactive fracture. The
matrix has neonorphosed tc ferroan microspar,

(stained thin section, p.p.l., = 40 )

Lover Parting, Whitfield Gill (SD 930923), \ensleydale.



Plate 29. Argiilaceous packed crinoid-cssicle bionicrite. The crinoid
debris shows well developed sutured grain contacts.
(Stained thin section, p.p.l., % 40)

Underset Limestone, Greenside Quarry (SD 748905), Garsdale.

Plate 30. Crinoid-ossicle biosparite from the calcarenites capping a
4 calcilutite bioherm core. The cement forus syntaxial
overgrowths on the crinoid debris and consists of an eurly
non-rerroan and later ferroan calcite cement.
(stained thin section. p.p.l., x7)

Scur Lincstone, weat of Yarnbury (SE 07%659), near Grassington.



Plate 31. Biosparite with scattered quartz sand cemented by a poorly

developed early generation of non-ferroan calcite followed
by a later generation oI forroan calcilte.
(staired thin section, p.p.l., X 40)

Lower Parting, River Clough (SD 782922), Garsdale.

Plate 32.

Coral biostrome with Diphyphyilum and Dibunophyllum in a

nicrite matrix containing comminuted bioclastic debris. The
partly silicified Dishyphyilum corallites are usually filled
with calcite and quartz cenent; the caleite being initianily
non-ferroun but later feirroan, The coraliite Jjust above the
centre of the photomicrograph Jdisplays a well developed
geopetal structure. (stained thin section, pep.l., X 5)

Underset Limestone, Grisedale (SD 760938).



Plate 33,

Plate %34,

Coral biostrome with partly silicified Lithostrotion and small
brachiopods in a sparse biomicrite. They are infilled with an
edrly generation of non-ferroan calcite cement followed by
ferroun calcite ceuent (see Plate 46) then a granular quartz
cement. Late stage veins of non-ferroan calcite cut all fabrics.
(stained thin section, p.p.l., x 2.5)

Single Post Limestone, Park Gill Beck (SD 987753), Wharfedale.

Saccaninopsis carteri (Brady) in a sparse biomicrite.

(stained thin section, p.p.l., X 3.5)
Single Post Limestone, Hesleden High Bergh (SD 871751),
Littondale.



Plate 35.

Saccaminopsis carteri (Brady) figured in Plate 34 (bottom right)
inTilled with calcite cement. The calcite cenent is initially
non-ferroan but becones ferroan.

(stained thin section, p.p.l., x 40)

Single Post Limestone, Hesleden High Bergh (SD 871751),
Littondale.

Plate 36.

Saccanincopsis carteri (Brady) with test wall preserved. The

test occurs in a sparse biomicrite end is infilled by calcite
cement which is initially non-Terioan but later ferroan.
(stuined tnin section, p.p.l., % 40)

Single Post Linestone , Hesleden High Bergh (SD 871751)

Littondale,



Plate 37. Brachiopod bLiostirome with spinose productid with geopetal
structure in a packed biosparite. The shell is silicified
and infilled with an early non-ferroan calcite cement folloﬁed
by a ferroan calcite cement then a ferroan dolomite cenent.
(stained thin section, p.p.l., X 4)

Scar Limestone , north of Grassington (SE 007653).

Plate 38. Algal biostrome with concentric algal coatings around allochems
including coral fragments (top right). The brachiopod contains
internal sediment which forms a good geopetal structure. The
rest of its body cavity dis fiiled with non-ferroan calcite cenent
followed by a ferroan calcite cement then granular quartz. The
centre of the cavity is filled with dolomite.

(stoined thin section, p.p.l., x 4)
Scar Limestone, Fossdale Gill (SD 861938), Wensleydale.



Plate 39, Algal biostrome. The oncolites occur in a packed hiomicrite
and frequently have an allochem as a nucleus. Concentric
algal laminations are seen around an intraclast (centre left)
and a crinoid ossicle (centre right).

(stained thin section, p.p.l., ¥ 5)

Scar Limestone, Hazel Bottom Gill (SD 770839), Dentdale.

Plate 40. Oncolite figured in Plate 39 showing concentric algal
laminations around a crinoid ossicle.
(stuined thin section, popel., X 40)

Scar Linestone, Hazel Bottom Gill (SD 770839), Dentdale.



Plate 41.

Sparse Biomicrite biokerm core with abundant $enesteilid
bryozoa. The cavity filled with non-ferroan calcite is roofed
by a fenestellid frond and is thought to have forued due to

a bridging or ‘umbrella' erfect.

(stained thin section,‘popnl., X 5)

Cockleshell Linmestone, west of Yarnmbury (SE 075659),

near Grassingvon.

Plate 42.

Gastropod partly filled with sediment in a sparse bilouicrite

biolierm core. The shell and the caviiy (lower right) are filleéd
with calcite ceuient vhich becomes slightly ferrcan. The micrite
adjacent to the cement filled cavities has neocuorphosed to microopar
coarser than cthe rest of the matrix.

(stained thin section, pepols, X 12.5)

Cockleshell Linestone, west of Yarnbury (SE 075659),

ek near Grassington.



Plate 43. Packed criroid-stem biomicrudite with crinoid debris
showing sutured and interpenetrating griin contacts.
(stained thin scction, DeDPel., % 4.5)

Underset Limestone, Kidsiones Scar (SD 946813), Bishopdale.

Plate 44. Poorly sorted crinoid-stem biosparrudite. The calcite
cement is mainly non-ferroan and consists of syntaxial
ovargrovthe on crineid debris.

(stainud thin section, p.pole., X 4.5)

Underset Limestone, Barton Quarry (nz 216083), near Melsonby.



Plate 45.

Iarge monocrystal overgrowshs of non-ferroan and later ferroan
caleite ceuent on crinoid debris in a biosparite.
(stained thin section, p.p.l., X 40)

Scar limestone, west of Yarnbury (SE (75659) near Grassington.

Plate 46.

Silicified brachiopod {figured in Plate 33, bottom right)

lined with pyrite and infilled with calcite cement. The

first formed cement is non—-ferroan but the later cement consists
of alternating zones cf variably-ferroan a1l non-ferrouan calcite
vhich can be correlated from crystil to crystal.

(stained thin section, pe.pel., = 40)

Singrle Post Limestone, Park Gill Beck (SD 987753), VWharfedule.



Plate 47.

Hottled packed bicmicrite in places showing neowmorphism to
ferroan microsyar (top right). The vugs infilled with coarsely
crystalline ferrcan calcite truncate bioclasts.

stained thin scction, pep.l., X 3)

Single Post Limestone, Whitfield Gill (SD 930923), Wenslcydale.

Plate 48,

Caliche ? Clasts of microspar, souetvimes lamirated, with
fractures infilled with non-ferroan calcite cement, siderite
cenent and non-ferwoun cileite cement, in a matrix of siderite.
(stained thin section, p.p.l., X 3.5)

Single Fost Linestone, Birlzett Railvay Cutting (NY 774029),

Mallerstang.



Plate 49,

Fractures within a clast of microspar (sce Plate 48, top left)
infilled with siderite then Zferroan calcite cement.

(stained thin section, p.p.l., % 40)

Single Pcst Linestone, Birkett Railway Cutting (1Y 774029)

lallerstang.,

Plate 50,

Lens shaped crystals of sideritze cement coating clasts of
nicrospar. The siderite is post-dated by a coarsely
crystaliine ferrcan calcite cement.
(stained thin section, p.p.l., x 150)

Single Post Limestone, Birkett Railway Cutting (NY 774029)

fallerstang,



Plate 51,

Plate 52,

Crinoid debris in an argiliacecus packed biomicrite showing
well developed sutured grain ccntacts and microstylolifes.
(stained thin section, p.p.l., X 40)

Underset Limestone, Greenside Quarry (SD 748905), Garsdale.

ot Ll {
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Carbonate vein consisting of an early generation of non-ferroan
calcite followed by a later generation of ferroan calcite
cutting a bionicrite.

(stained thin section, mepel., X 40)

Single Post Limestone, Mere Gill (SD 745753), Ingleborough.



Plate 53. Partiy dolomitised packed crinoid-ossicle biomicrite with
some coarsely crystalline calcite lerft unreplaced.
(stained thin section, PeDele, ¥ 40)
Single Post Linestone,southwest of Bare House (SE 003665),

near Yarnbury.
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Plate 54. Coupletely dolomitised packed biomicrite showing scmetines
zonad dusty inclusions within the dclomite.
(stained Hliin sechion, p.pele, X 40)

3ingle Post Linmcstone, southwest of Bare douse (SE OO;ubS),

near Yarnbury.



Plate 55.

The chert nodule in the upper part of the phoionicrograph has a
gradaticnal rather than abrupt contact with the snarse biomicrite
it has rcplaced. Both are cut by a lite stage ferroan calcite
vein,

(staiued T s £ O L0 TR T su ML)

Lower Parting, whitfield Gill (5D 93%0323), Wencleydale.

Plate 56.

The chert nodule in the lower part of the photouicrograph nas a
microscopically irregular but fairly abrupt contact with the
packed hicnmicrite it rceplaces. The chert/limestone contact can
be seen to fellow the brachiopod shell near the ceusre of the
field or view.

(steined thin section, pepele, X 5)

Underset Linestone, West Gill (SE 011791), Coverdale.



Plute 57. Part of the chert nodule iliustrated in Plate 56 showing cavities
infilled with colloform chalcedony. An earlier fibrous carbonate
ceuent lines the large brachiopod shell on the rightv. It consists
of non-ferroan calcite followed by ferrvan calcite and in places
has veen replaced by chalcedony.

(stained thin section, p.p.l., ¥ 40)

Underset Limestonc, West Gill (SE 011791), Coverdale.

Plate 53. View as in Plate 57 showing fibrous nature of the chalcedony
cenent.

(6tained thin section, X.p.l., % 40).

Underset Limestone, West Gill (SE 011791), Coverdale.



Plate 59. rachiopod in the cryptocrystalline to wmicrocrystalline quartz
and chalcedonic matrix of the chert nodule fijured in Plate 56.
The shell is silicified and infilled with four gencrations of
cenentv, rfirst non-ferrvan calcite then ferrvan caleite followed
by chalcedony and granrular cuariz.
(stained thin section, p.p.l., x 0,

Underset Limestone, .iest Gill (SB 12791, Coverdale

Plate 60. View as in Plate 57.
(stained thin section, XD Sl SR

drderset Limestone, West Gill (SE £11791), Coverdale.



Plate 61,

iad Diphyuhyllwa corallite Tijured
in Plate 32 (lower left). Small fibrous ron-ferroan . calcite
cenient crystals nucleated on the coral skteleton line the body
cavity. In places they become ferroan end are overgrown by larger
cryistals of non-ferroan and variably ferroan calcite. The centrsl
part of the cavity is filled with granular qusrtz which has replaced
parts of the adjacent calcite ceument. (stained thin section. p

Underset Lirestore, Grisedale (SD 760938).

Plate 62.

Part of the cement seen in Flate 61 (centre left) showing
partial replacenent of a well develcped crystal of ferroun
calcite by guarts.

(stained Ghin- seciion, PoReda, X 150)

Underset Limestone, Grisedale (SD 760938) .



Plate 63. Crinoid debris in a chert nodule showing peripheral replacecment
by chalcedony.
(stained *hin section, papele, X 7)

Underset Limestone, Barton Quarry (NZ 216083), ncar Helsonby.

Plate €4. Terroan dolomite rhowbs in a chertified crinoidal biomicrite
showing corrosion of their weriphery and along their cleavoge
and partial siliciiication.

(stulned Shan section,  pips i, = 3504

Middle Limestone, Trollers Gill (SE 072625), near Appletreewick.



Plate 65. Ferroar dolomite rhombs preferentially replacing the matrix
in & packed crinoid-ossicle biomicrite which has since been
gilicified. The dusty areas are silicified crinecid debris.
(stained thin secticn, p.p.l., X 40)

Crow Limestone, East Gill (SD 837967), Cotterdale.

Plate 66. View as in Plate 65 showing replacenment of all but the ferroan

dolomite by crypiocrystelline to microerystalliine quartz and
chalcedony.
(steined thin section, X.p.l., X 40)

Crow Limestone, Kast Gill (SD 837967), Cotterdale.



i Crow Linmestone,
S Sod Dyke ilick
. (5D 973954 )

| Swaledale.

Plate 68.

Laninated cpicular
chert as in Plate 67.
(stained thin section,
XD SR 0)

Crow Liuestone,

Sod Dyke Nick

(sb 973954)

Swnledale.



Plate 69. Calcarecous chert with bioclastic debris including crinoid,
brachiopod and bryoczoan fragmcnts.
(stained thin section, p.p.l., X 40)

Crow Limestone, Sandbeck East Bridge Quarry (SE 171998),
south of Richmond.

Plate 70. Hyalostelia spicules,partly replaced by ferroan calcite,
in a chertified packed biomicrite.
{stained thin section, pepels, x T)

Crow Linestone, Benty Gutter (NY 936030), Gunnerside.



Plate 71. Chalcedonic Hvalostelia spicules partly replaced by ferroan
calceite, dolomite and ferroan dolomite. The central canal is
infilled with chalcedony in *the spicule top right and ferrovan
calcite in the spicule in the lower part of the photomicrograph.

(stained thin section, p.pe.l., X 40)

Crow Linmestone, Benty Gutter (NY 936030), Gunnerside.

Plate 72. View as in Plate T1. shouing the chalcedonic nature of the
Hyalostelia spicules.

(stained thin section, Z.p.l., X 40)

Crov Linestone, Benty Guitter (NY 936030), Guunerside.



Plate 73.

Chert with part of silicified brachiopod in which the
structure of the shell has been preserved.
(stained thin section, x.p.l., X 40)

Crow Limestone, Sod Dyke Nick (SD 973954), Swaledale.

Plate 74.

Part of‘?oophycgg_burrow in a bioclastic calcareous chert
showing orientation of spicular debris in the burrow parallel
to the spreite.

(stained thin section, PePels, X 40).

Underset Limestone, Rake Gate (NZ 079057), northwest of Marske.



Plate 75. Fire grained quartz sandstone with calcarcous bioclastic
debris and a ferroan calcite cement.
(stained thin section, p.p.l., x 13)

Lower Parting, Smout Gill (sD 779%8), Garsdale.

Plate 76, Sandy biosparite with ferroan calcite cement.
(stained thin section, pep.l., x40)

Iover Parting, River Clough (SD 782922),_Garsda1e.



Plate 77. Glauconite sandstone showing micro-cross-lamination.
(stained thin section, p.p.l., x 3)

Crow Limestone, Caveside Gill (NY 869026), Whitsundale.

Plate 78. Coumpaction of laminae in a glauconite sandstone around a
phosphate nodule.
(stained thin section, p.p.l., % 3.5)

Crow Linestone, Wetshaw Gill (NY 881041), West Stonesdale.



Plate 79. Glauconite sandstone with scattered ounrtz sand and & chert
natrix.
(unstained thin section, DAl i 0)

Crow Limestone, Hoods Bottom Beck (WY 863038) Whitsundale.

Plate 80. Glauconite sandstone with many of the glauconite grains showing
an ‘'oolitic' structure.
(unstained thin section, Z.p.l., X 40<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>