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CHAPTER 1

INTRODUCTION AND ACKNOWLEDGEMENTS

The Howgill Fells form a most distinct topographical feature extending
from N.W.Yorkshire into Westmorland. In plan they occupy a broadly tri-
angular area with the town of Sedbergh at the southern apex. Tebay forms the
north western limit of the fells and Ravenstonedale village the north east.

The broad, flat Ravenstonedale valley between the village of the same name
and Tebay in the west, bounds the northern edge of the hills whllst the deep
valley of the R.Lune between Tebay and Sedbergh effectively demarcates the
western margin. The Cautley valley in the east, which forms the pass thr-
ough to Ravenstonedale from Sedbergh, is at'a somewhat higher level than ‘the
Lune valley and has a watershed east of Harter Fell. ‘The fells themselves
stand out in marked contrast to the Carbonlferous country to the east and
north, and consist of deeply dlssected rounded hills risino to well over 1500 .
in most cases, whilst Great Dummacks and The Calf exceed 20001, T

The writer has mapped in deta11 an area in the eastern half of the felle
some 6 miles long by 3-4 miles wlde and has carried ‘out reconnaisance mapping
in the rest of the fells. In the north the detailed map ‘extends from the
Cautley valley as far west as Bowderdale, and in the south almost as far west
as the River Lune. The area is covered by the follow1ng Ordnance Survey 6"
sheets:~ SD69 NW,NE,SW SE, SD79 NW SW; NY6O NE,NW,SW,SE and NYJ0 SW. Text
fig.la illustrates the geographical and geological setting of the area. The
Silurian rocks of the northern part of the Howgill Fells are overlain uncon-
formably by Carboniferous conglomerates, llmestones and shales, the actual un-
conformity being well exposed in eeveral stream sections. - To the east the
Silurian and Ordovician are faulted against Carboniferous rocks along the
line of the Dent Fault, whilst to the south the unconformable red conglomer-
ate at the base of the Carboniferous forms a natural geological boundary. The
Ordovician rocks are exposed in a series of complicated inliers in the Cautle5,
valley and these are succeeded to ‘the north and west by successively higher
Silurian divisions until the Bannisdale Slates are seen in the region of the

R.Lune, N.W. of Sedbergh and in the gentle slopes into Ravenstonedale. To
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the south of Sedbergh are the Barbon and Middleton Fells, again consisting
predominantly of Silurian sirata, and to the west the main Lake District out-
crop of the Silurian. o S

The Howgill Fells have received the attention of geologists since the
first half of the nineteenth century but descriptions of the region are usu-
ally brief and included in works of a much greater scope. Thus, for example,
the fells and their rocks are briefly mentioned by Phillips (1836) and a sec~
tion given shows the undivided rocks of the Howgill Fells faulted against
folded Carboniferous strata. Sedgwick (1846) in his account of the "Slate
Rocks" of Cumberland, Westmorland, and Lancashire gives a lucid general study
of the Howgill Fells and their environs and includes several sections. Sed-
gwick (1852) describes his "Ravenstonedale Section" and, like Phillips, in-
cludes .a section from the Carboniferous across the Cautley valley to the How-
gill Fells.  The units recognized in this section are: Coniston Limestone,
Coniston flags, Coniston Grits, Ireleth Slates and "coarse grit and slate,
with calcareous concretions”. In this work Sedgwick traced. the Coniston
Crits from Cautley Crags as far north as Ravenstonedale Common. - Areas adj-
acent to the Howgill.Fells were described by Hughes (1866,1867) and in the
latter work reference ‘'is made to the region of Cautley Crags.

- The greatest advances, however, in the understanding of the geology of
the region were made in later years particularly by the researches of Prof-
essor T.McK.Hughes. . Thus the Survey Memoirs by Aveline and Hughes (1872),
and Aveline, Hughes and Strahan (1888) contained detailed descriptions of ‘the
strata, whilst the former work recognized the Stockdale Shales. - All the -
strata from the base of these up to (and including) the Kirby Moor Flags were
Placed in the Upper Silurian. (The Survey workers did not at that:time rec-
ognize Lapworth's divisions of Cambrian, Ordovician, and Silurian). - More .
genefaltworks'of'the same period include Davis and Lees' "West Yorkshire"
(1878) which gives a fairly comprehensive account of the distribution in York._
shire of the "Upper" and "Lower Silurians". A section included in this work
differs 1ittle from that given by Phillips (op.cit.) except in being less
accurate. Bird (1881) also makes brief reference to the Howgill Fells.
Dakyns et al. (1891) in the "Mallerstang Memoir" gave a detailed account of
the eastern parts of the Howgill Fells, much of the groundwork having been

done - by Professor Hughes prior to his retirement from.the Geological Survey,
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These workers follow Marr and Nicholson (1888) in their work on the Stockdale
Shales of Spengill but in addition describe several less complete sections
from other parts of the district. In the important paper by Marr and Nich-
olson (op.cit.) on the Stockdale Shales of the Lake District several pages
are devoted to the Cautley area and the Stockdale Shales of Spengill are
correlated with those of the Lake District. . Further notes on the geology
of the Howgill Fells were given by Hughes (1894) in his raper on "Observat-
ions on the Silurian Rocks of North Wales" where he defines the "Tebay Mud-
stones" included by later workers in the Coniston Grits, = A

larr (1900) refers to the presence of "Upper Slates" (sensu Otley 1820)
in the Howgill Fells. Marr and Fearnsides (1909) in a paper dealing mainly
with the glacial geology describe and map a "shatter belt" in the north of
the fells which seems to be equivalent, at least in part, to the Gais Gill
Fault of the present work (p. 75 ). Misses G.R.Watney and E.G.Welch (1911)
described the Salopian of the Cautley district and produced a map of the Zoneg
which they established. In attention to detail this work ranks on a par
with the study of Marr and Nicholson (op.cit.) though of course far greater
thicknesses of rock were involved. Summaries were given by the same writers
in the previous year (1910). Marr (1913)_made a further contribution to
the Silurian stratigraphy in his paper dealing mainly with the Ordovician
strata, following a brief note by Marr and Fearnsides (1911). .. =

In more recent years the Silurian rocks of the_Howgill Fells recéived,
brief or incidental reference in many works (e.g. Marr 1916,1925,1927) but
it was not until Dr.Wilson's unpublished work}(1954).on thevUpper Llandovery
that the strata were subjected to further scrutiny. . Dr.Wilson examined with
the greatest care beds from the sedgwicki Zone to the base of the Wenlock.

Series, recognized and defined the crispus and griestonensis Zones, and des-

cribed some of the species from the higher divisions, ‘ - o
There have been numerous works on the main Leke District outcrop which

have direct or indirect bearing upon the geology of‘the_Cautley district,but

it would be superfluous to list these here since they have been made the sub-

Ject of bibliographies on several occasions (e.g.Marr and Nicholson 1888;

Dekyns et. al. 1890; Marr 1916; Wilson 1954; Mitchel 1956; and the Bullet._

ins of the Ludlow Research Group). Those which have a direct bearing are

dealt with at the appropriate points in the text below.



In the present thesis work has been concentrated particularly on those
beds which have not been .the subject of modern ireatment with a view to prod-
ucing a detailed and accurate map along the line of the Dent Fault. = The
writer suspected that a certain amount of variation took place in the beds
about the Ordovician-Silurian boundary. - Such has proved to be the case al-
though a decision on the exact base of the Silurian will have to be deferred
until study of the brachiopod faunas (shown below 10 occur across the point
taken for the present to be the boundary) has been completed by Dr.Lamont.
From the Lower Llandovery and Middle Llandovery strata many more species have
now been recorded than were listed by Marr and Nicholson (op.cit.) and the

Survey workers. . This has enabled subdivision of the Lower Llandovery.

"Dimorphograptus Beds" into three Zones which not only allow correlation with
other regions but enable faunal studies in these beds to be put on a firm

stratigraphical basis. ¢ Throughout the district small outcrops of "Dimorph-

ograptus Beds" occur, and’these can now be placed more accurately thus aésist\\
ing both marping and palaeontological studies. The boundaries between the
Lower, Middle and Upper Llandovery are described.

A similar approach has been adopted in the case of the Wenlock Series
where the faunal sequences shown by particular sections have enabled consig-
erable subdivision of lithologically monotonous strata. Four faunal Stages
are defined each being subdivided into Zones and some of the latter into
Subzones. Widei correlation in the case of the Wenlock Series is more diffj“\\
cult than in earlier strata although the general sequence of faunas noted
elsewhere can be recognized.  The strata contain several species more comm-
only recorded from the Continent. It is shown that in the Wenlock Series .-
the base of Stage 4 cannot be defined at the present owing to the lack of ex-
posure at this level. ' R ' BT ‘

The main purpose in examining the Ludlow Series has been to identify anq
map the lithological succession and to -define by reference to particular hor-
izons the major divisions. Faunal work on the Ludlow graptolites is only
'in its preliminary stages but has shown that some of the Zones identified
elsewhere can be recognized. No vulgaris Zone occurs at Cautley and the:
Wenlock strata are followed immediately by beds yielding P.nilssoni and M.

scanicus.

Faunal and stratigraphical studies are of necessity closely tied to the
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recognition of facies types. ~ In Chapter 6 the facies types and their vertic—
al distribution are described, whilst Chapter 7 deals with a single facet of
facies study,:that of palaeocurrent indicators. -‘In this-latter chapter the
current variation throughout the Silurisn is described as far as this is POSS—~—
ible. The currents detected seem to fit in with the pattern of gradually -
changing environments of deposition which are suggested on independent grounds

.In the palaeontological section of the work over one hundred sPecies‘of
graptolites are described and some short evolutionary steps are sug gested.

Few shelly fossils have been described, a study of the shelly faunas being
beyond the scope of the present work, but of those” trllobites dealt with two
are considered to be new genera. )

Finally it is suggested that the Silurian strata of the Howgill Fells
would yield interesting results to studies directed at the following aspects:
a) the shelly faunas b) the mineralogy of the constituent facies ¢) the
structural - geology. O a LRI

‘The author's collection of some twenty thousand fossils collected from
the Howgill' Fells is deposited in-the Department of Geology, University of
Hull, ‘ : T e :

. The figures in brackete following the description-of a rock colour are
those used by the Geological Society of America Rock-colour Chart (1951).
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CHAPTER 2

THE TLANDOVERY SERIES

Introduction

The term "Llandovery Series" was first used on the Geological Survey 1"
sheets covering the Llandovery District (v. Challinor,J. 1951) and was later
described by Murchison (1859) who divided it into Lower and Upper Llando§ery.
At a much later date the Series was redefined by Jones (1425, 1949) who recogw—
nised the divisions Lower, MNiddle, and Upper Llandovery, each being separated
by an unconformity. Jones (1925) included in his Upper Llandovery both Mur-
chison's Upper Llandovery and this latter author's distinct division of the -
Tarannon or Pale Shales. Terms synonymous WithALlandqvery Seriesvand used
at a later date in different areas are "Stockdale Shales" and "Vélentian".

Both were erected for the graptolitic facies, the former by Aveline and Hughesg
(1872) and the latter by Lapworth (1876). A sumnary and discussion on the
usage of the above terms and their subdivisions is given by Curtis (in Whit-
tard 1961, chart p.132). In view of the fact that "Llandovery Series" has
priority over Valentian etc. (Whittard 1961, p.128) and that the succession op
zones recognized in the Howgill Fells can be equated with those established

in Wales it is both correct and convenient to use the term. R

It was thourht at one time that in part of the Lake District at least,
the Silurian strata rested unconformably upon the Ordovician (Aveline 1872,
1876, 1888 (in Aveline and Hughes); MWarr 1876) not so much because of'angulat‘
discordance between the two, though Aveline (1872, p.442) implied this, but
beczuse of the conspicuous change in lithological and faunal characters which -
invariably took place at the boundary. Thus Aveline (1872 p.442) writes
"..for there is not the slightest passage, either stfatigraphically or ralaeso-
ntolorically, from the Coniston Limestone series into the lower divisioh of
the Upper Silurian.." He also believed that in one locality the Silurian com
pletely overlapped the Ordovician. Other workers at the same time (e.s.
Nicholson 1872) did not agree with the conclusion reached by Aveline. In the
Cautley district itself Dakyns et al (1891 p.28) writes "... there is an ab- ‘
rupt change from the fauna of the Ashgill Shales to that of the @Graptolitic



Mudstones, without, however, any stratigraphic uriconformity."

In the following paragraphs the nature of the change from Ordovician to
Silurian is examined particularly with regards to the variation shown by cer-
tain beds.

The hirhest Ordovician Strata and the Basal Beds of the Silurian -

The Ashgzill Shales Grit of Spengill was first recorded by Narr and Nich-
olson (1888 p.700), the discovery being attributed to Professor T.lck. Hughes
who, until his retirement from the Survey, worked on the Quarter Sheet 97NW
which was subsequently described in 1891. The locality ziven by the above
authors is " a few yards below the ford" which is located on the junction of
Stockless Gill and Spengill. Dakyns et.al. (1891 DP.25) write "A few yards
below the forking of the beck and on the west bank a hard calcarecus grit was

noted by Professor BHughes ..." MNarr and Nicholson (op cit. ) record fhe follo

¢
owing fossils:-: ‘Cornulites,:Orthis-protensa,Sow,, Orthis biforata, S%}oth.,

Strophomena siluriana,.Dav., Meristella crassa, Sow?  Of these all except the
last were considered to be typical Ordovician:.fossils., Marr (1913 p.7) whilg
examining the Ashgill Shales Grit:of Watley .Gill makes further reference to

the grit on Spengill but notes that it seemed, by that time, to be covered
over. The present writer has examined the Ashgill Shales inch by inch below
the junction of Stockless Gill and Spengill and concludes that no grit exists
in that part of the succession. However, some yards above the junction are
geveral bandsrbf silty and gritty mudstone and associated with them an 8"
medium grey (N5) calcareous grit (see text figs.2a and byc). This is over-
lain by 6" of argillaceous and gritty limestone followed by 2'1" of typical
Ashgill Shales mudstone. The following 12" contain two thin, hard limestoneg
(see text fig. 22) containing numerous brachiopods and trilobites (e.g. Dalm

itina mucronata). Trenching has been carried out above this point and has

shown that the succession is continuous and uninterrupted by faults until the
stirata described below as the Basal Beds of the Silurian are reached. Eract
ly 40' of strata are now exposed upstream of the 8" grit and below the Basal
Beds, but above the two thin limestones just mentioned the beds are non-calcan
eous and only sparsely fossiliferous. The following have been obtained:-

crinoids, Phyllonorina hisingeri, Dalmanitina mucronata.

The Ashzill Shales Orit was recorded in two further loczlities by the

Survey workers. On Taithes Gill (= Ecker Secker Beck) it was described as a

-

ah\



TEXT FIG. 2a

Ashgill Shales ex@osed at the Jjunction of Stock-
less Gill and Spengill. The numbers to the left
of the column refer to lithological specimens

contained in the Department of Geology, University
of Hull.
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calcareous, pyritous conglomerate about 6' thick containing frasments of Con-
iston Limestone and shale. The locality given is "just above where the foot-
path from Lower Beckside crosses to Foxhole Rigg." This exposure seems to be
covered over at the present time but 150 yards upstiream of the footbridge 19
of conglomerate are exposed (697, 956). In addition to the Taithes Gill loc-
ality the grit was noted on Birksfield Beck.

A further five localities have been found by the present writer. Their
distribution is illustrated in text fig.2b , and two features of interest imm—
ediately emarge, firstly that the grit thins considerably both to the North ang_
South from Ecker Secker Beck, and secondly that there is a remarkably constant
thickness of Ashgill Shales mudsﬁonesrabqve_the grit in some of the sections.

On Ecker Secker Beck (697,956) the grit is exposed in a low cliff on tﬁ
right bank. Underlying the grit in the stream are tyrical Ashgill Shales, anq.
beds of the same-lithology can occasionally be seen high in the bank and above
the grit. Much of the 19' division is coarsely conglomeratic and current bed
ding can be detected and measured with some difficulty. : It will be noticed
that the bed is much thicker than the 6' recorded from only 150 yards downstr-
eam by the Survey workers. Such a rapid chapge in thickness is not impossible
" since a similar change is seen between Rawthey Bridge (714,977) and Wards In-
take (716,976) a distance of only two hundred yards, but it is equally possible
that the Survey workers may not have included beds of non-conglomeratic text-
ure (grit) particularly if the exposure was not good.

The Birksfield Beck locality (693,949) shows no trace of the conglomerate
seen on Ecker Secker. Instead the bed is represented by 12' of fine grit,
calcareous in places, and showing current bedding on a small scale. ‘ The best
exposures occur in the stream bed and are overlain by 19' of mudstone before
the Basal Beds are reached. A further reduction in thickness takes place to
Crosshaw Beck where only 6' of grit is exposed low down in the left bank. (Mgch~
of this part of the section is almost inaccessible at the present due to recent
lumbering activity. Further consequences of this are mentioned on p.18  with
respect to the Birks Wood Beck section). = The base of the grit has a few large
pebbles and current bedding can be detected.

lorth of Ecker Secker Beck there is a considerable distance in which the
beds at this level are not exposed and the nearest locality is more than 1%
miles to the NE on the R.Rawthey near Rawthey Bridge (714,977) and Wards Intake
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(716,976). - The former shows good exposures of Ashgill-Shales passing up to
the Basal Beds of the Silurian and the grit itself is superbly exposed in a
low cliff on the left banlk. The base of the grit is conglomeratic for a few
inches and pebbles are distributed sparadically throughout. Current bedding
can be detected rather more easily at this locality than at' any other. A
total of 16'6" of beds crop out here whereas at the Wards Intake outcrop only
a short distance upstream the same bed has thinned to 6°'.

On Watley Gill the ‘crit is fairly well exposed in the ripht band (v.tex+
fig.2h ) and measures 2'1". It is overlain by 3%' of mudstone and then the’
Silurian strata. A little over 2 miles to'the ENE the Five Gills locality
(725,999) shows a sm2ll thickness (6") of hard calcareous grit, itself contain.
ing pebbles of grit, at the top of several feet of silty beds. It is over-
lain by only 11' of mudstone before the Basal’'Beds are reached. It is not
certain, therefore, what relatiohship'holds,'if any, betwean this grit and
those described above from Spencill, Watley Gill, Wards Intake, and Rawthey
Bridge where the grit is’ invariably overlain by”approximatelyA4O' of mudstone,
If it is assumed that the fine grained Ashgill Shale mudstone does not vary
greatly in thickness over the area it will be seen that there may be as nany
as three sets of grit deposits, each of local extent;~-

a) The grit of Spengill, Watley G111, Wards Intake, and Rawthey Bridgse follow_
ed by about 40' of mudstone. e I B '

b) The grit of Birksfield Beck and ( )Ecker Secker overlain by about 20' of
mudstone. L . o L ‘ U e

¢) The Five Gills grit overlain by only-11*' of mudstone.

lost of the exrosures do-not allow easy measurement of the current bedd-
ing foreset beds but thoée'which have been measured suggest a current source
from the SE quadrant (see text fig.7cl, and inset on test fig. 2b). 'The rap-
id change in thickness as seen at two localities, (Rawthey Bridge to Wards In-
take and Ecker Secker Beck to Crosshaw)the probable current direction, coupleq
with the general‘decrease in thickness and grain size to the north and north-
west strongly suggests rully-llke deposits originating from the S to SE, and
it is thought that the most likely form would be submarine channels related
to a river'draining a néarby*landmass;}v The changing direction of distribut-

ion cou sult 3 - oy ) R .
1d result in either more than one deposit of grit or transgression of
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the deposit caused by gradual ghift of the distributary.

At the very tob of the overlyins mudstones Wilson (1954) recorded small
scale current bedding actually truncated by the Basal Beds of Watley Gill.
The present.writer did not detect this on Watley Gill but noticed a similar
phenonenon on Spengill. - The significance of such a feature is debateable -
since small scale truncated current bedding can be detected at various levels
in the Ashgill Shales. :If it is assumed that the Ashgill Shales Grit is app-
roximately contemporaneous at all its localities then the variations in thick-
ness of the fine grained mudstones which overlie it might be taken to indicate
an unconformable relationship between the Silurian and Ordovician. ' In this
event the above feature of truncated current bedding would not be surprising
but taken by itself cannot be regarded as significant. - The writer considers
that the assumption just mentioned is probably invalid. Whatever the interp-
retation the Basal Beds of the Silurian are not markedly different, ligholo--
gically, from the Ashgill Shales mudstones, (cf Aveline 1872) particularly
from theose portions which are hard, calcareous and fossiliferous. Sediment-
ation is thought to have contirued without interruption until the top of the-
Basal Beds are reached, when influx of carbonaceous material takes place to
add to the supply of mechanical detritus. v

The Basal Beds of the Silurian, composed in part of limestone, can usua-
11y be distinguished in the first instance by their bard, massive nature in
contrast to the softer Ashgill Shales below and dark graptolitic mudstones
above, They were first described by Marr and Nicholson (1888 p.700) from -
the Spengill section, where they recorded a very hard limestone 6" thick and
containing a few crinoids, which they took to be equivalent to the Atrypa -
flexuosa Band of Skelgill and Diplocraptus acuminatus Zone of Browgill.
Dakyns et. al (1891 p.29) follow Narr and Nicholson by using the same bed as
the base of the Stockdale Shales.  ~Marr (1913 p.11) again mentioned the Spen—

gill exposure and recorded the following fossils:- Encrinurus punctatus var

arenaceus Marr and Nich?, Cheirurus bimucronatus, Murch. var?, Phacops mucron-

————

atus, Leptaena cf quinquecostata, Orthis two spp., Strophomena two spp., Hyo=-

lithus. In the same publication he records the same bed from Birks Beck and

Watley Gill and from the latter locality collected the following assemblaces-

Cyphaspis cf rastritum Torn., Acidaspis, Phacops mucronatus, Hyolithus. Wilsg

(1954) was the first to accurately measure the beds of Watley Gill and Spenbilj\



13

but he disagreed with Marr, Dakyns et al. in considering the limestone to be
non-crinoidal.

A further eight localities have been unearthed since the above works,
These show that in general the Basal Beds increase in thickness to the south
(see text fig.2d ) and that the components of the beds - limestone and pale,
non-calcareous mudstone - vary in thickness and position (v. text fig. Qe).

On Fi#e Gills (725,999) the Basal Beds are usually poorly exposed on the left
bank several feet above the stream at the baze of a small cliff of dark grap-
tolitic mudstones. The exposure prior to digging out showed only the top of
the 92" limestone overlain by a few inches of shale which were apparently un-
conformably overlain by the mudstone above. Trenching along the foot of tﬁe
cliff showed that in fact the limestone is broken in several places (see text
fig. 2f) and the beds rotated to sirulate unconformity. The top of the lime-
stone is marked by a thin bed of clay indicating bedding plane shear. Under=-
lying the limestone are 3" of hard, non-calcareous mudstone and, dividing the
mudstone from the Ashgill Shales below is a soft brown clay which arain suoges—
ts bedding plane movement. Where the limestone is preserved as a rottenstone

numerous fossils ¢2n be obtained, in particulars- Dalmanitina mucronata brev-

ispina, Temple, small brachiopods and, more rerely, crinoid ossicles. In al1
the localities where the beds are sufficiently weathered crinoid ossicles have
been obtained thus supporting Marr and Nicholson's original contention that the,
limestone was crinoidal.

The Ordovician strata in the region of Rawlkhey Bridge (714,977) and Wards
Intake (716,976) have already been mentioned, Upstream of the grit at each
locality are 42' of Ashgill Shales followed by the Basal Beds. Both exposureg
are, however, permanently underwater and though they can be very clearly seen
(weathering yellowish) sampling is only carried out with difficulty. The
thickness in each case is about 2'6" and most of this, to judge by the nature
of the weathering, is made up to limestone.

On Pickering Gill (689,966) the Basal Beds are exposed high in the left
bank at the base of dark graptolitic mudstones. The beds are underlain by
Ashpill Shales but the grit is cut out by a fault. Most of the 5'T" division
is of limestone, only the top 6" being of hard, non-calcareous mudstione. On

top of the whole bed is a thin clay. Few fossils were obtained from this
locality.
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The Basal Beds also crop out on Birksfield Beck and Birks Wood Beck and,
as in the case of Pickering Gill, are 5'7T" thick.  Unlike the last locality |
the lime content is much less and the lowest bed consists of 2'4" of hard,
non-calcareous, barren mudstone which often shows mottling. This is followed
by 1'7T" of pyritous limestone containing the usual fossils but in the case of
the Birksfield Beck exposure these are difficult to extract owing to the un-
weathered nature of the roclk. Above the limestone is a 1'8&" bed of similar
mudstone to the lowest bed. Whilst the Birksfield Beck exposure is easily
located since it forms a prominent feature across the strisam the Birks ¥Wood
Beck locality had to be dug 6ut. Unfortunately the recent lumbering operat-
ions alluded to above have reburied the exposure under a large pile of earth:
andylogs and it will be some time before it becomes accessible again,

The final locality of significance is the most southerly exposure on Cross .
haw Beck (696,941). This shows a slight diminution in thickness from the
last described localities although the top of the beds have not been seen with
certainty. A total of five feet were measured and although none of the beds
are well exposed (once again a direct result of the lumbering) some at least
are calcareous. It is probable that the five feet do in fact represent the:
full thickness and that the overlying softer mudstones have been weathered baci

The Basal Beds, situated as they are amongst relatively soft mudstones, ‘
act in a competent manner and upon folding the bedding planes demarcativg the
top and bottom tend to suffer bedding plane shear. This is vsually represent-
ed by a small thickness of mylonite which at the surface weathers to clay. '
Daview (1929) who studied the faunal changes across the Ordovician-Silurian
boundary dismissed the Cautley district‘as having the fossils in too bad a state
of preservation. Wilson (1954) however, identified the A.acuminatus Zone on
both Watley Gill and Spengill and recorded the Zone fossil itself. In the

former locality the Zone occurs as a 4" band of dark mudstone welded to the ton

of the Basal Beds but at Spengill a thin clay, indicating some bedding plane
movement, separates the two. A1l the other localities where the Zone might
be expected to crop out have it removed by movement parallel to the bedding
plane. Marr and Nicholson (1888) list the following fossils from the acumin-

atus Zone and its supposed equivalents such as the A.flexuosa Band:-

Diploeraptus acuminatus, Nich. Climacocrantus normalis Lépw. N¥onticuliporoid?:

Homalonotus? Atrypa flexuosa n.sp. -

’
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Marr's recordirgs from the Basal Beds of Spengill and Watley Gill have
already been mentioned. . The present writer has obtained the following fossile

from the 4" mudstone:-

h
3
t
H
i
;
i
3

Akidocrantus a. acuminatus (Nicholson) A.a.praematurus Davies

Climacocrantus normalis Lapworth Glyptograntus sn.l -

Climacocrantus miserabilis (Elles & Wood) Orthosrantus vesiculosus Nicholson

Climacograntus medius Tornguist =+ - Diplogravtus m.modestus Lapworth

wo}mntubes. B o ;
_+ " Craptolites do not occur in the Basal Beds and the presence or absence

of “the Glyptorrantus persculptus Zone, widely recognized in Wales' cannot be

proven. It is clear, however, that a faunal change takes place in the Basal

Beds from the Ashzill Shales below which contain D.m.mucronata, P,hisingeri

and brachiopods. - The Basal Beds are-typified by D.m.brevisvina Temple and -

brachiopods.  Those species of trilobites recorded by Marr (1913 p.11), with
the exception of mucronata, have not been found by the present writer but they
also indicate a change in fauna.  Since brachiopods are both common and occur
across the change, the exact age qetermination of the Basal Beds probably :-
reste with them. The writer's collection of brachiopods is being studied at
the present time by Dr.Lamont but unfortunately this work is not yet complete.
The base of the Silurian is;'for the present at least, drawn at the bottom of
the Basal Beds .. - It . is probable that all the strata between this level and
the top of the 4" mudstone are equivalent to the division Aal described by
Marr and Nicholson from various parts of the Lake District. - Davies (1929)

records A.a.praematurus from a slightly lower level than A.a.acuminatus where

as at Cautley the two occur together; the former albeit rarely.

" The Lower Llandovery -

- The zone of A.acuminatus has been considered above and its unfortunately

localized geographical extent defined. . Overlying this zone are the zones of

atavus, acinaces, cyphus and trianculatus which are described below,

The Monograptus atavus Zone

Marr and Nicholson (1888) and Dakyns et al (1891) record about 25' of

dark graptolitic mudstone above the Basal Beds of Spengill whiéh‘they attribute

to the zone of Dimorphosrantus confertus(Aa2). Both groups of workers give
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the following faunal-list:.

Climacograptus normalis, - ° . . - - . Monogrartus revolutus

V.tenuis . .. - e - M.attenuatus - - » F
M.sandersoni o C T . Dimorphograptus confertus (rare) s
D.Swanstoni -(abundant) . . . . .Diplosrantus. vesiculosus-

D.modestus?,

The form described as M.tenuis Portlock has since been shown to be M.

atavus Jones. M.attenuatus Hopkinson is considered to be synonymous with M.

gemmatus . Barrande by Elles and Wood.but Boucek an@\?ribyl (1951) consider it
synonymous ‘with M.capillaris. (Carruthers) No fossils.of this type have

been found in these beds by the present writer. Dimorphograntus .confertus

swanstoni does not seem to be "abundant" since no specimens have been obtained.
and only a single specimensfrom Spengill . has been seen in wuseum collections

(Sedgwick Museum). On the other hand D.c.confertus is not uncommon. Eeq

Aa2 of Marr and Nicholson.is 24'4" thick of which the lowest 4% belong to the .
acuminatus Zone. The fogéils fecorded by the above authors do not range
throunhout the 24' unit and the D.confertus Zone has been subdivided by the
present author on the faunal changes which take place, The lowest 9' yield
a fauna whlch 11nks the beds with the M.atavus Zone as redefined by Jones
(1909), follow1ng Lanworth s.original usage (1900) ‘
In a low ¢liff on the right bank of Syen 111 the acuminatus Zone is follw.
owed by flve feet of dark grey (N3- F4) rusty—weathering, graptolltlc muastone
The same beds crop out hlgh on the 1eft bank above poorly exposed Basal Beds.
In both exnosures the mudstones are thlnly bedded, cleaved into small sub—
ouadrangular fraﬂment but quite ‘hard. ~ The follow1ng fossils have been ob-

talned T

Clnmacqgraptus miserabilis (Elles & Wood)  C.rectancularis (MfCoy)

C11macograptus normalis Lapworth ' C.aff minutus Carruthers

Climacosraptus medius Tornquist

Dlnlovrantus modes tus dlmlnutus Elles & Wood

Dln]onrantus nodestus tenuis subsp. nov.

Orthograptus vesiculosus Wicholson

Dimorphograptus c.confertus (Nicholson) ™ Rhaphidorrantus toernguisti (Eile
' ' : and Wood) =

Monograptus atavus Jones.
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Above this are four feet of similar beds, again represented in both banks;3

yielding all the above species with the exception of D.rodestus tenius. In

gddition  there are two further dimorphograptids:.:Dimorphograntus erectus

nicholsoni subsp. nov. and D.epilongissimus sp. nov. The whole fauna of the

nine feet of strata is very similar to that which Jones (1909) used to define

the atavus Zone at Pont Erwyd and differs only in the lack of D.cf.extenuatus

Elles & Wood, and in the presence of some new forms. The atavus Zone of

Spengill may be contrasted with the underlying A.acuminatus Zone in the abs-

“ence of the latter fossil and in the presence of M.atavus and D.confertus.

. Confirmatory Sections: The Watley Gill section shows 15' of beds above the

~acuminatus Zone before a fault (represented by a crush zone) brings . down high~
‘er strata. . The lower beds are exposed in the left bank forming a low cliff
and again, but less completely, in the right bank. 'Lithologically the strata
are identical to those of Spengill and are similarly cleaved. From the low~-
est foot (2Wa) above the acuminatus Zone the following assemblage was collect—
eds~

Climacogsrantus miserabilis Elles & Wood M.atavus Jones:

Climacograptus medius Tornquist

Climacogsraptus normalis Lapworth ' ‘ ' A

Climacograptus i.innotatus Nicholson

The 1oca11tJ is 1mportant in showing that M. atavuq appears very ouickly
after the onset of the praptoljtlc mudstone condltlons, and 1n recordln" the
presence of C.innotatus. Above locallty 2Wa collection was made irom M of

similar beds (3Wa) which yielded the following:=-

0.vesiculosus (Nicholson) C.rectansularis (M! Coy)
C.miserabilis (Elles & Wood) C.normalis Lapworth
- C.medius Tornquist o D.modestus dimirutus_(Elles & V¥ood)

M.atavus Jones
~ The strata between this ]evel and the above mentloned fault (lO feet,‘4
,ka) do not yield good fos<1ls readlly since t%e rock is cleaved into very

small pleces. ~ O.vesiculosus was not found but in addition to the other

species recorded from 3Wa D.e. nlcholqonw and R.toernnuisti were colleoted A1y

the foss1ls were obtalned from the uppermost 6"of the 10' of. beds. ~ The
fauna of 2-4Wa ;s typical ofAthe atavus Zone‘and it is of interest that the
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Zone is 6' thicker at this locality than on Spengill which is. rather lecs than
one mile to the NE ’ S

The fact that the Birks Wood Beck sectlon is obscured in the region of
the Basal Beds has already been mentioned. As a result the lowest 4' of
Stratﬁboverlyiﬁé the Basal could not be collected. Immediately above, however |

are flve feet of dark grey mudstones rather poorly exposed in the left bank

(lBl) but yielding numerous well preserved graptolites. The following were
obtaineds:~ - - , - R :
C.miserabilis (Elles & Wood) ?Diplograptus rarus sp. nov.
C.normalis Lapworth - ' ?Dinlograptus sp. 4

C.rectangsularis (M'Coy) . Orthograptus vesiculosus Nicholson
C.aff minutus Carruthers - D.erectus nicholsoni subsp. nov,
C.innotatus exguisitus subsp. nov. - R.toernquisti (Elles & Wood)
D.modestus diminutus Elles & Wood M.atavus Jones

The presence of D.e.nicholsoni suggests that 1Bi is at the top of the at-

avus Zone. C.innotatus exouisitus, ?D.rarus, and ?D. sp. A have not been rec-

orded from the Spengill and Watley Gill sections. A further 2' of beds are
exposed (ZBi) before the section is obscured again and these are thought to re«
present the base of the succeeding Zone (see o 19 ). Therefore, on Birks

‘The following sections have yielded typical atavus Zone assemblages imm-
ediately above the Basal Bed but with the fossils less well preserved:-  Five
Gille (faulted after 14! of mudstone); Birkefield Beck. . Other less complete
sections and exposures are descrlbed in the chapter dealing with the map (p. 71
et. seq.).

The Pristiopraptus acinaces Zone .

This zone is the least well defined of the Lower Llandovery Zones and is

probably rather thinner than the atsvus and eyphus Zones which occur respect-

ively below and above it. - Some of the characters of the previous zone are
retained, particularly in the lower beds, whilst the first appearance of mono-
graptids other than atavus is typical.

Downstream of 1Bi on Birks Wood Beck (which yields an atavus Zone fauna)
are tw0~feetﬂpf dark mudstone exposed in the left bank of the stream (ZBi).

Fossils are well preserved, abundant and the following were collected:-
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C.normalis Lapworth - ?Diplosrantus rarus Sp. nov.

C.miserabilis (Elles & Wood) ?Diplogrartus sn. A .

C.aff medius Tornquist Dimorphosraptus e. nicholsoni subsp, nov_
C.rectangularis (¥'Coy) Monograptus atavus Jones

C.aff mirnutus Carruthers Climacogravtus psuedonormalis sp, nov.,
D.m.diminitus Elles and Wood Glyotocrantus tamariscus Nicholson s.1.

All these species except the last two were recorded from the preceding

zone but the presence of G.tamariscus s.l. must be regarded as indicative of

a higher level. =~ Monograptids other. than atavus have not yet apreared, how-
ever, in these lowest two.feet. .- - -
On Spengill where collection was made from the lowest four feet of the

Zone (S9-13) the following fauna was obtained:-

C.normalis Lapworth Coe . R.toernouisti- (EJles & Wood)
C.miserabilis- (Elles & Wood) =~ M.atavus Jones:

C.medius Tornquist e G.tamariscus Nicholson's.1l. - .
C.rectancsulavis (L'Coy) - - . - - Pristiograptus cyphus Lapworth -
C.aff. minutus Carruthers .. - - P. aff acinaces Tornquist.
O.vesiculosus (Nicholson) Lo ‘P.incommrodus Tornguist

This assemblage is similar to that of 2Bi:but differs in having other:
monograptids. '-A single proximal end of P.cyphus has been obtained and the. -

forms listed as P.aff acinaces are always flattened thus making identification

difficult. However, -the presence of these forms and G.tamariscus s.1., is

indicative»of the ' P.acinaces Zone. Locgliﬁy($9—13‘;s best exposed in the
steep rlght bank immediately above the atavus Zone.. The same strata are only
poorly exnosed in.the.left bank. o

Upstream of the poor left bank exposures are good exposures of §513-17
cropplng out as a. small spur which deflects the stream some yards to the west,
Unllke‘the 1ower strata these beds are not so closely cleaved and clearly
111ustrate the true nature of the hard mudstones. The word "shale" (as in
"Skelgill Shales") is an inadequate descriptive term. . Fossils are fairly
well preserved and the follow1nv collection was made:-

Ty

C.miserabilis. (Elles & Wood) - +. D.epilongissimus sp. nov.

C.normalis Lapworth S ... M.atavus Jones *.

., BNt
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C.rectan-ularis (M'Coy) . . . .  M.incommodus Tornquist

C.medius Tornquisf” - | P.aff. acinaces Tornnuist (common)
O.vesiculosus (Nicholson) P.concinnus Lapworth ..
R.toernquisti (Elles & Wood) P.crezarius Lapworth

D.c.confertus Nicholson P.oyphus Lapworth (abundant)
D.e.nicholsoni mut * : ' M.rsvolutus Kﬁfck Sel.

Whilst many of these species occur in lower strata some (marked with an
asterisk) have shown slight changes which are dealt with in the systematic

descriptions.: . The presence in abundance of P.cyphus  taken together with the

occurrence of P.cresarius, and M.revolutus suggests that the 3' bed from which

collection was made contains a mixture of acinaces. and cyphus Zone forms and

the boundary between the two cannot, therefore, be placed more accurately.
On Spengill the acinaces Zone is between 4' and 7' thick. L

The acinaces Zone was defined by Jones (1909) at Pont Erwyd and whilst
the Cautley Zone has a very similar fauna- 1t dlfiers in 1ts lack of C. hunheqw

and O.mutabilis.. It is poss1ble that the C.huchesi of Pont Erwyd is replaceq

at Cautley by the form described here as C.aff minutus. The two may be very
close but?so far no specimens of the latter have been obtalned in relief.

The Pristiograntus cyphus Zone

Above the acinaces Zone of Spengill are Tt of strata (Sl7 20 & 320 24)
identical in lithology to the beds below and rather betier exposed h1“h in the
right bank than in the scree slopes of the left. From S517-20 the f0110w1ng

assemblage was obtained:-

C.miserabilis (Elles & Wood) M.incommodus Tornquist -
C.normalis Lapworth S P.aff. acinaces Tornquist:
C.aff. minrutus Carruthers - - .. - - P.cyphus Lapworth 5
C.rectangplariS'(M'Coy) . . . R.toernquisti (Elles & Wood)

C.medius Tornquist

O.vesiculosus (Nicholson)? .-

The species listed in the left hand column are now far less common than
in earlier beds and C.normalis, the most abundant of these, is represented by

only seven specimens. ' C.miserabilis and O.vesiculosus are not found above

this»;eve;. - P.cyphus is quite common but there is a temporary avtsence of
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P.srecarius and M.revolutus which occur in S13-17. Locality2820124 has yield‘;

eds- -

C.normalis Lapworth = 7 M.incommodus Tornquist
C.rectancularis (N'Coy) ' D.c.confertus Nicholson®
C.medius Tornquist * - - D.epilongissimus sp. nov. *
R.toernquisti (Elles & Wood) D.erectus erectus Elles & Wood*
G.tamariscus Nicholson s.l. - ‘M.t.triangulatus (Harkness)

Those species marked with an asterisk do not survive into the succeedine
P &

Zone. The single specimen of M.t.triangulatus was obtained in the top few

inches of S20-24 and it is probable that these beds should be included in the
succeeding Zone. - PFurther collecting at more closely spaced intervals will
be necessary to determine this.

The cvrhus Zone was first used by H.lapworth (1900) but redefined at Pont
Erwyd by Jones (1909). At Cautley C.hughesi, O.mutabilis, O.v.cf. nenna

have not been obtained but common presence of P.cyphus and the appearance in

513~ 17 of P.gregarius and M.revolutus illustrates the equivalence in age bet-

ween the two localities. In view of the fact that P.aff. acinaces is record-~

ed from S17-20 it is interesting to note that Jones (op. cit. table 2) records

the presence of M. ?rheidolensis (= P.acinaces) in his cyphus Zone.

Zone of M.triangulatus

farr and Nicholson (1888 p.701) thought it probable that their fimbriatus
e ———

shales of Spengill followed the Dimorphograntus Beds quite normally and that

the two groups were not fault bounded. -The succession is now completely ex-

posed, though poorly on the junction and the interpretation of the above auth-

ors' can be seen to be correct. They also note (op. cit. p.702) that a crush
zone divides the fimbriatus shales from the higher beds upstream (sedewicki
Zone) and that the top is, therefore, not seen. = This is also true, and, what
is more important, the top of the "fimbriatus" shales has not been seen with
certainty anywhere in the Cautley district that has so far been examined in
detail. The thickness of strata at this horizon as seen on Spengill”is not
given but Marr and Nicholson record the following speciesi-

M.fimbfiatus Nich., M.gregarius Lapw., M.attenuatus Hork., M.triansulatus

Harkness, Rastrites veresrinus Barr., Diplosrantus sinuatus Nich., Clinmaco-

graptus normalis Lapw..

T
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Between the cyphus Zone and the fault upstream there are 16'4" of very
dark graptolitic mudstones followed by 10'7" (minimum) of non-graptolitic mud-
stones., The latter were clearly not exposed in the past but are now well ex-

posed high in the right bank where continuous succession can be traced down to

i

the graptolitic beds below. The non-graptolitic wmudstones closely resemble
" the finer Ashgill Shales mudstones in many respects (see p. 88) and represent
the first major intercalation of non-grap%olitic rock in the succession. This
is also the case on Skelgill (Marr and Nicholson 1888 p(6615 fiz.1) but at Pont
Erwyd the graptolitic‘mudstone occurs as relatively thin bands in unfossilif—
erous mudstones (see for example Sudbury 1958, .p.448, fig.1l)

The 16'4" division of graptolitic mudstone has been divided into approx-

imately 4' units and collection made from these. Of these beds the lowest

(s24~ 28) are the most fossiliferous 2nd these ylelded the follow1ng speciess-

C.normalis Lapworth o . M.atavus Jones.

C.aff. minutus Carruthers = : - M.incommodus Tornquist

C.rectancularis (M'Coy) o © M.sandersoni LapWorth’

G.tamariscus (Nicholson)s.l. =~~~ P.coresarius Lapworth

G.sinvatus (Nicholson) - = M.revolutus ¥urck s.1.

Petalograptus sp. e " M.t.triansulatus (Harkness) -
Petalosraptus minor Elles B " Rastrites longispinus Perner

R.toernquisti (Elles & Wood) ~ =~~~ Rastrites spina Richter

Whilst containing elements of the cyphus Zone the incoming of several new
forms clearly distinguishes the two Zones. ~ Of particular importance is the

presence of the first species of Rastrites and Petalograntus which do not occur

in the lower beds. - The recordlng of M.t.triansulatus slightly below this leve)

has alteady been mentioned and it 'is certain that detailed collection across '

this junction will show that this species precedes R.lonsispinus thus confirm-

ing the order of appearance maintained by Sudbury (1953) at Pont Erwyd. ‘
The overlying divisions of S528-32 and S32-36, whilst being lese fossilifero
ous generally, contain the same species and see the first appearance of several

others.  Thus C.huchesi and C.extremus were found in S28-32 and above, whilst

D.magnus occurs in $32-36.  In the succeeding units ($36-39,7 and $39,7-S40,4)

Several more species are found for the first time: O.cyperoides, P.ovatoelonm

atus, Petaiograpjus sp. M.limatulus.



23

Above the graptolitid mudstones the 10'7"™ unit contains only a sparse ang
stunted fauna of small brachiopods and trilobites.

On Watley Gill three feet of the triansulatus Zone (5wa) is contained be-

tween two faults. Downstream of one fault is the atavus Zone (descritbed above
p.17 ) and upstream of the other are Middle Llandovery Beds.  The locality
SWa gave the following assemblage:-

P.gregarivs Lapworth . . , G.sinuatus (Nicholson) .

R.toernjuisti (Elles and Wood) ~ G.t.tamariscus (Nichd;son)
C.huchesi (Nicholson) , -  M.triansulatus_separatus (Sudbury)
0.cyveroides (Tornquist) o ~ G.tamariscus aff. linearis (Perner) .

M.aff. argutus Lapworth

P

The presence of M.1.separatus suggests that the beds are pre-msgnus Zone

in age and the fauna as a whole is typical of the triangulatus Zone.

- Two important considerations result from the above description, - FPirstly
in none of the sections examined at Cautley, is the Lower Llandovery-Middle
Llandovery boundary exposed, and the full characters of the trianculatus Zone
cannot yet be determined. - Evidence is adduced below to show that the macnus
Zone 1is present on the Birks Beck section{ 77The secqnd point is that the hich.

est known graptolitic beds of the trianculatus Zone on Spemgill cannot be re-

garded as exhausted from the point of view of collecting. . Fossils are not
readily obtaired from the esmall, cleaved fragments of rock and it is particul~
arly difficult to obtain well preserved specimens. However, some of those

which have been obtained e.g. M.limatulus and D.mognus are suggestive of highe

er horizons, and it is not impossible that the magnus Zone is incorporated in
the top of the "fimbriatus" bveds.
The trianculatus Zone was fully defined by Jones-and Pugh (1935) after an

earlier less clear definition by Jones and Puch (1916). =~ Many of the forms
listed by these authors have already been found but notably absent are H.corm-

unis and M.fimbriatus' both of which occur at a higher level (see below). The

latter species is recorded from Spengiil by Sudbury (1958) but only doubtful
fragments have been obtained from there by the present writer. The sypecies
Probably occurs in the higher beds of the trians:latus Zone on Spengill since
1t certainly seems to be absent from £24-28..

The Wards Intake Section (716,976)

Mention of the Wards Intake and Plckerlnb Gill Section has been withhelg
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until this point since both show some differences from the succession outlineq
above. The Basal Beds of Wards Intake have already been described. They
are overlain in the right bank by dark graptolitic mudstones which are con-
tinuously exposed either beneath the water or low down in the bank. The ;
succession is apparently quite uninterrupted by faults and reaches éqthickneSQ;
of 57' in which there are no intercalations of non—graptolitié mudstone. On
Spengill 40'4" of graptolitic mudstones are exposéd'prior to the first bed
of non-graptolitic mudstone. Thickness changes%haﬁe already been noted in
the case of the atavus Zone which is thicker on Watley G111l than on Spengill
g0 that the thickness of 57t is not, in itself, abnormal. The faunal cont-
ent, however, indicates a relatively low horizon. B

The most unfortunate feature of the section is the difficulty of obtain-

ing fossils mainly because of the hardness and problem of splitting the rocic
parallel to the bedding plane. The hardness is almost certainly a result

of baking by the Bluecaster diabase sill which crops out slightly upstream
where it is intruded at a slightly higher horizon.

In spite of the difficulty graptolites have been collected. A 3' bed
(15Wi) between 26' and 29' above the top of the Basal Beds yielded:

C.miserabilis, C. Tnormalis, Dimorphograptus sv., M. Tatavus, On Spéngiil‘

the last occurrence of miserabilis is 20' above the base. At a point betw-

een 38' and 40' above the Basal Beds (14Wi) the following assemblage was ob-

taineds:- M.atavus, C.ex. rr. rectanrularis, M. ?incommodus;" LbéaiityAIIWi

(46'-48' above the Basal Beds) yielded M.aff. incommodus, C.normalis, C. Prea.

tanenlaris and C. ?medius, whilst immediately above this horizon C. ?Prectan-

gularis: C.?mediuvs, R.toernguisti, Monograntus spp. and G.tamariscus s.l.

were collected from 6' of strata (13Wi). The highest level at which fossils
were obtained (12Wi) is- between 54' and 57! above the top of the Basal Beds.

Fossils were rather better preserved here and the following species obtaineds._

R.toernquisti (Elles & Wood) P.cyphus Lapworth
G.tamariscus’ (Nicholson) . . C. "medius Tornquist

C. aff. mirutus Carruthers- - C. ?rectangu]arisf(M'Coy)
M.incommodus Tornquist - . . ?0. vesiculosus (Nicholson)

The whole fauna is indicative of a pre-trianculatus Zone age, and the

full 57' is assigned to the atavus to cyphus zones.  The incoming of M.incor
Z.incor,
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modus and G.tamariscus and finally of P.cyphus shows that the changes in the

"Dimorphocrantus Beds" observed in other sections will also onerate in this
em— P Ao, s i

case.

Pickerins Gill Section (689, 965)

This section is similar to that of Wards Intake in that a considerable
thickness (approximately 60') of dark mudstone is seen above the Basal BReds.
The locality has yielded fossils even less readily thas the previous section
but the following were obtained (figures are in feet above the top of the
Basal Beds)s-

60' R.toernjuisti (Elles & Wood) Glypfosrantus en.

53t O.vesiculosus (Wicholson) R.toerncuisti (Elles & Wood)
G.t.tamariscus (Nicholson) . .. €. ? medius Tornguist
G.cuneatus sp. nov. 0. attenuata sp. nov,
G.tamariseus %subsp. C. ? tansshanensis linearis Packham

P. acinaces Torngquist "'~ ‘- . P. ? eyprhus Lapworth

48t M. aff. incommodus Tornjuist

36' C. miserabilis (Elles & Wood) C. aff. medius Tornquist

As in the case of Wards Intake these beds clearly represent a thiclkenasd

pre-trianoulatus Zone succession.

Conclusions:

a) The Dimornrhograntus Beds of Marr and Nicholson can be subdivided into

three zones ( atavus, acinaces, and cqghus) which are at least aprroximately

equivalent to a similar zonal sequence established in Wales ( The correlation
- throughout the Cautley arca, and of the Cautley area with other regions is
summarized in text figs.2g and 2m ).

b) The atavus Zone. M. atavus appears within a foot of the base, and the
zone is broadly divisible into a lower, portion with a typical assemblage,

and an upper part which sees the aprearance of D.erectus nicholsoni, D. epil-~

onzissimus, ?Diplograptus rarus, C.il.exquisitus, and ?Diplograntus svn. A,

A11 except the last of these persists into higher strata.
c) The acinaces Zone is also divisible into lower and upner portions. The
lower part has strong affinities with the precedlng Zone but is identified by

the presence of G.tamariscus whilst the upLer nart sees the appearance of

monogcraptids other than atavus. O@her spe01es which first apnear in the

2%avus Zone have shown slight changéé by the,time the uprer part of the acin
. BAACRRS

A.\\
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TEXT FIG. 2g

Correlation of the Skelgill Succession, Lake..... ..
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District with the generalized Lower Llandovery

succession at Cautley.. -
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TEXT FIG. 2m

Correlation throughout the Cautley District of

the Lower Llandovery strata.
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aces Zone is reached.
d) The cynhus Zone is fairly uniform but is distinguished from the aciraces
Zone by the appearance of P.cyphus in abundance and by the presence of P.

crerarius and M.revolutus s.1.

e) The Zones of atavus, aciraces and cyphus thicken from 24' on Spengill to
at least 57' on a line from Wards Intake to Pickering Gill. South of this
line, on Birke Beck, the atavus Zone is demonstrably of the same thickness
as on Spengill and it is possible that the ENE-WSW line is one upon which
greater deposition of graptolitic muds took place. It is approximately al- |
ong this line that Wilson (1954) deduced an axis of non-deposition during

i
part of the U.Llandovery. 3
j
i

f) The top of the trianculatus Zone, and hence of the Lower Llandovery, can- |

not be demonstrated on the information known at present, unless locality

7Bi (see below p. 26) represents this topmost bed.
The Middle Llandovery

It will be demonstrated below that the beds above the convolutus Zone
are always faulted so that the upper boundary of the Middle Llandovery cannot

be defined. The argenteus and convolutus Zones were identified on Watley

Gill by Marr (1913 p.ll) but a more complete section is seen on Birks Woogd
Beck.

The last locality described from Birks Wood Beck was 2Bi which yielded
fossils indicating the base of the acinaces Zone. Downstream of 2Bi fhe §;
strata are obsourfed for atout 50' and the beds at both ends of this unexpos_gp
ed part dip downstream at 469, There is room for approximately 38' of beds
between 2Bi and the next exposure (7Bi). The localities of 7Bi, 8Bi, and
9Bi ( the last being the youngest) consist of 4' of black graptolitic mud-
stone made up of three beds which are resvectively 6", 2', and 1'6? thick,

The assemblages are as follows:-

A B c

[ R

781 M.t.separatus R.toernsuisti P, minor

P.gregarius

R, aff. longispinus

8Bi ince g o i
G.incertus ) P.osrecarius
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A | B c
9Bi G. %enodis latus ~ R. longispinys =~ P, gresarius
M. frarilis C. hu~hesi D. magnus
G. tamariscus- , P. ovatoeloneratus
M. aff. argutus : M. pseudoplanus
G. sinvatus i? M.t. fimbriatus

P. lentotheca tA- f

R. toernquisti

- C. extremus

M. aff. intermedius Sy :

Those species contained in the right hand column are those which were

recorded by Sudbury (1958 ) from the D. magnus band of Pont Erwyd, whilst

e s, e o

species in column B are those which ranﬁe both below ‘and above the macnus
BV et st

Zone. Column A contains only.pre- masnus spe01es and new forms. ConSIdev_

ing the doubt about (. ?enodis latus locallties BBl;and 9Bi are 1nd1cat1ve

\ e

% H
of at least approximate equivalence with the ma -nus. Zone. Locallty TBi
!

on the other hand contains M.t. spnaratus which Sudburj (1058) dld not record

above horizon C of the Rheidol Gorge. If the spe”ies is restrlcted to preg
masnus Zone beds then the mannuq ' Zone follows immedlately upon the triancul-
atus Zone in this district. Further collectlng w111 be needed to sett1e§
this question. ’fg N, , o g ;
On Watley Gill the presence. of a fault- boundpd exposure of the triancul-
atus Zone (5Wa) has already been described. Immedlately upstream of Sha,
on the left bank, are 2' of rather stripy mudstones (6wa, V. text fig. 2h)
which yielded the follow1ng ass emblamez-"' ; _{ : : §
C. reotanmularls (L'Coy) {~% R. toernﬂu1=t1 (Elles & Wood) i

G. tamariscus (Nicholson) s.l.

M. communis rostratus Elles & Wood
M.t.fimbriztus (Nicholson)

C. extremus H.Lapworth M. aff, arrutus Lapworth !

S o i 1

? Glyptograntus sv. A

iR 4y Pt

3 ;( ' ;
This fauna is not diagnostic of a partlcular 1eve1 but in view of the
succession above is probably equivalent to the maCﬂUa Zone of Birks hood Bedk

Above 6Wa are 22' of non-graptolitic muastones yielding small brachio-

pods (7Wa) and above this trilobites such as Phacops claber (EfWa). It is

s A
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almost certainly from this division that Marr (1913 p.11) recorded his ares-

enteus Zone defined by the following assemblage:~ M. arcenteus, M.lentothecn .

M. convolutus, M. nicoli, M. limatulus, M. communis, M. crecarius, R. hybre

idvs, C. hurhesi, D. sinuatus, D.-bellulus.

This locality is not visible &t the present time owing to a consider=
able amount of scree but immediately above its probable position Phacors
. - D ————
glaber can be obtained from calcareous nodules in the non-greptolitic mud-
store, and, upsiream, at the top of a 9' waterfall are grantolitic mudstones

from which a convolutus Zone zssemblagce can be obtained:~-

" "10¥%a ‘ OWa 11Wa

C. extremus R C. extremus C. extremus -
C. hughesi o C. hughesi - . C. hushesi
C. ex. gr. scaleris = C. ex. gr. rormalis C.ex.cr. scalaris
M. convolutus: C. rectangularis ’ -C.eX.cr. norralis
M. denticulatus f G.t.lirearis L G.t.tamariscus aff. form R
M. limatulus . 0. cyperoides ‘0. _insectiformis o
R. spina " ' . 0. bellulus 0. bellulus
-P. lentotheca . ‘ ~P. lentotheca - -
M. limatulus ‘ o M. decipiens
M. lobiferus - . g {+« lobiferus
M. aff. involutus M. arputus
M. ex. fr. sandersoni M. ®convolutus

M. communis
M. argsutus
M. decipiens

M. repularis

M. of. concinnus

‘R._fugax

R. spina

Upstream of these localities are 6' of non-graptolitic mudstone (seen in
left bank only). A fault crosses the stream and is detected near the top of
the waterfall-by the presence of a crush zone. ° The displacement seems to
bring in the sedswicki Zone since limestone blocks identical to the 11mestope

seen in this zone on Spengill can be seen weathering out of the right bank.
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Marr (1913) mentions that this.fault brings uprimorphograptusJBgdg again»mﬁ
but the writer can find no evidence for this.:

Returning to the Birks Wood Beck section it 'is seen’that above the mag-
nus Zone are 17' of non-graptolitic mudstones followed by a 6" graptolitic
band from which ‘the following species were obtained:- . ~ = -

M. aff argenteus, M. argenteus cysmeus, P. gregarius, M. revolutus s.l., M.

arsutus, M.lobiferus, M.denticulatus, M.aff undulatus, P.lentotheca, M.comm-

unis, M.c.rostratus, M.aff convolutus, P.concinnus, 0.bellulus, G.t.aff var-

ians, Q.t.ansulatus, G.t.tamariscus, G.t. tamariscus aff form B, P. minor

finitimus, zastropod. : , ;e

This fauna is indicative of the argenteus Zone as defined by Marr (=
lentotheca Zone as defined by Jones and Pugh 1916). It is in a similar pos-~
ition.to the arzenteus Zone of Watley Gill (Marr 1913 p.ll). - Overlying the
6" bed are 11'6" of non-graptolitic mudstone followed by 1' (seen) of dark
graptolitic rock which is poorly exposed in the right bank just above stream
level:  The following species, indicating correlation with the convolutus

Zone of Watley Gill, were obtaineds-

C.extremus, C.hushesi, C.ex. pr. scalaris, O.bellulvs, M.denticulatus, M.

?convolutus, P.lentotheca, M.lobiferus, Rastirites sn,

-~ This bed is overlain by 18-23' of non-graptolitic mudstone before a -
fault brings down U. Llandovery mudstones.:

Conclusionss - = o : oLt

a) The highest strata of the Middle Llandovery .seen in the area are the non-
graptolitic mudstones immediately above the convolutus Zone. These reach-a
thickness of 18'~23' on Birks Wood Beck but, as on Watley Gill, they are

fault bounded at the top and the sequence into higher strata cannot be obser-

ved., - :
Zong

b) The.ma?nuskis shown to exist below the arrenteus (= leptotheca ) -Zone and

this might possibly be incorporated in the top of the fimbriatus beds.

¢) The general succession of macnus, argenteus.and convolutus Zones is in

accord with work done in Wales and with Narr and Nicholson's work in the Lake
District though the number of species now known exceeds those recorded by the
above authors, and particularly those listed for the Cautley district.

The Upper Llandovery

These beds were studied in great detail by Wilson (1954) who recormnized
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and delimited the following Zones : sedowicki, maximus, turriculatus, cris-

pus, and griestonensis. It was shown that considerable variations in thicknesg

occurred over the region and that the "red" mudstones thinned out on an app-
roximately NE-SW axis. Some of the graptolites of the higher beds (crisnus

and priestonensis Zones) were described. The present writer has only exam-

ined the Spengill section in detail since it shows the seguence of faunasoed
lithological types almost uninterrupted by dislocation and provides a ussful
basis both for description of the faunal content of the higher beds and for
mapping throughout the region. The lithological sequence, the faunas, and
the plan of Spengill are shown respectively in text figs.i,j, k, and 1 ,
and need little in the way of explanation. In the systematic descriptions
below only those species not dealt with by Wilson are described and in text

fig. 2k species recorded bv tqe above author from the crisnus and orieston-

ensis Zones are omitted.
On text fig. 21 those graptolitic bands marked with an asterisk are
probably new bands but only one of these (5140,11) has zonal siznificance.

This band yielded. anspeciméhfof Rastrites maximus-end strata up to this level

ought, therefore, to be included in the subzone of E.maximus. In addition
to this speciés the following Were obtained:=-

C.extremus, P.obesus, Pristiopraptus recularis, M.marri, F? runcinatus vpseudn_

rertinax subsp. nov., M.turricvlatus, M.planus, M.halli, R.linnaei.
The thickness of the maximus Subzone is 25!9%",

Intruded near the top of the tvurriculatus Zone is a feleite £ill. Its
uprer boundary can be traced for some distance ard is quite concordant with
the bedding, occurring always beneath two prominent mudstone bands which
underlie a 71" ash. Traced downstream on the right bank it thins rapidly
and after a few yards dies out altogether. From this point to approximately

fourty yards downstream the bedding plane upon which the sill is intruding is

P

marked by a breccia which has a distinct "burnt" appearance. The position

of both sill and breccia is shown on text fig. 21. |
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CHAPTER 3

THE WENI.OCK SERIES

The Wenlock Strata of the Cautley district have received incidental ref-
erence in séveral works but studies describing various espects in detail are
few. Prior to the paéeruby Harkness and Nicholson (1868) the term "Coniston
‘Flags" included the Stockdale Shales. Thus Sedgwick (1851) in a paper on
the Palaecozoic rdcks of Westmorland described his "Ravenstonedale Section" in
which the Coniston Flags overlie the Coniston Limestone on the south eastern
slopes of Harter Fell without ‘intervening rock units. ' Aveline and Hughes
(1872, .1888) described the Coniston Flags in the region mainly south and west
of the Cautley district but do make reference to the ares. The presence of
Coniston Flags on Hebblethwaite Hall Gill, for example, ‘is briefly mentioned.
In addition a section from Orton Scar across the R.Lune to Sedbergh is given
and of 'the slopes of Crook, Winder, and ¥Xnott they write that there is "...

a belt of grit occurring between the Flags in the R.Fawthey and those on the
fell side. There is strong evidcnce that these grits are faulted in, but

whether they should be referred to the Coniston Grits or are a gritty series
‘in the Coniston Flags, there is not sufficient evidence to show." Dakyns et.

al. (1891) gave a rather more lengthy description of the Coniston Rlacs and

their general distribution along the valleys of the R.Rawthey, Crosshaw Beck, .
]

Hebblethwaite Hall Gill, and Wandale Hill. - Watney and Welch (1911 4,3B, 1910)

were ‘the first workers to attemnt a detailed faunal study and in their longer
paper of 1911, following the sumwaries of 1910, divided the "Wenlock Series"
into the following Zones:~ ’ ' V

C4 ' Zone of Cyrtosraptus lundecreni Tullb.

"C3 " Zone of Cyrtosraptus rigidus Tullb.

c2 Zone of Monograptus riccartonensis Larw,

Cl Zone of Cyvrtorrantus murchisoni Carr.

The Wehlock Series is said to crop out in three areas, (the Rawthey area,
Wandale Hili,’and Harter Fell), each being characterized by distinct ligholo-

gies which are, resgectively, blue flags, yellow sandy beds, and red flacs

e RLT  n EET

e e AR 1

end grits. . The~”yelldw sandy beds" of Wandale Hill are lithologically iden~i
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tical in the writer's view to those of the R.Rawthey fegion being merely more
deeply weathered. In many localities the unweathered rock can be seen (e.g.

Wandale Hill Gill B (706,984)). Similarly those beds on Harter Fell are sec-
‘:ondarily stained red, presumably because of the proximity at one time of the ;
Basal Conglomerate of .the Carboniferous, and the normal “blue flag" litholory
is commonly observed. No grits of Wenlock age have been detected in the
Harter Fell area.

The Lower Boundary of the Wenlock Series

Dakyns et al (1891 pp.30,37) mention the gradual change from the Stock-
dale Shales into the Coniston Flags with ?articular reference to Spengill.
Watney and Welch (1911) observe that the boundary is exposed in several loc-
alities but no details of the lithological changes involved are given. Marr
(1927 p.495) briefly described the lithologicalzchanges and was clearly famil-
jar with the details of many sections. " Thus, ‘writing of tgé bbUndary; he
remarks that it is characterised by "... by alternating stripes of green beds®
of the Browgill typé and blue-grey beds of thé'Brathéy type.  “This is seen
in several-places, and is Well displayed in the stream section of Spengill,
Cautley." This particular section is now rather obscured and the change is
better seen, for example, at the mouth of Wandale Beck and on Pickering Gill.
Wilson (1954) defined the base of the Wenlock Series by pinpointing a'pértic-
ular bed. He drew the boundary at the bottom of massive non-graptolitic mud-
stones which are'distinct from the grey beds below in having a bluish tint
and in the lack of thin ash bands. - After a few feet these massive mudstones
begin to alternate with very thin graptolitie mudstone bands.  The present -
writer has shown (p. 96 ) that the graptolitic mudstone was often in the proc-
ess’ of being destroyed by worms living on the sea bed, the result of complete
revworking being a homogeneous non-banded mudstone with a faint bluish hue.

It is suggested that the blue tinge is a result of reworking of graptolitic
mud by worms.  Graptolites are preserved in the earliest of the bands and
the faunal content emphasizes the correctness’ of the position at which Wilson

drew the base of the Wenlock Series.

In the description below the Wenlock Series is divided as followsi~

Stage 4 Zone of C.lundereni (subzones) '

'Stage 3 ?Zone of C.ellesi



Stage 3 Zoﬂe of C.rigsidus mut.

Zone of M.flexilis belonhorus

%

i Stage 2 Zone of M.antennulatus

Zone of M.riccartonensis (Suozones)

Zone of C.murchisoni .

b

LA T :

! Stage 1 Zone of C.centrifurus-G.insectus (Subzones)

P L , :

fo i ¥ :

oo ) , S . _
e Stace 1 : ' =

‘ ‘The first Wenlock Stage is eXposed in many éfreém sections but is seeﬁ
in its- entlretJ only in the sections exnosed on Hebblethwalte Hall Gill and
nea;:}ié mouth of Wandale Beck. Others,seqtlons showing the strata in vary-
1n~ éevrees of completeness ares Stockiéss Gill (695,000); Spengill (7CO.
999); Plokerln" Gill (689, 966) Wandale Hill Gills A and B (7040, 97955 706,
984)1» Flve G111s (725,999)3 Wandale Beck (711 997); mwouth of Blrksfie]d
Beck (691 49); WhlnPJ Gill (700,944); Cais G111 (710‘010) The Near and
1dd1e G111s ectlons which were dealt with by Watney~and Welch (1911) bﬁve

[

only poor exnosureo of this stage. Text fig. 3a 111uqtrates the degree of
. ,

o f

exnooure at’ the ‘junction of Middle Gill and the Roman Road . Clearly few
deductions da n ‘be nmade from sections of this nature.,; K ;. X

Text fig. 3b is a detailed stratlrraphlcal column of the first Sta"e ex-
pés;a on the . Rawthey a 11tt1e upstream of the mouth of Wanuale Beck. - The
total- thlc?ness is 65'10%" of which the 1owest 14'93" contain no ﬂrantolltlc
msqstone and yield only worm tubes. The base is drawn at the position dbe
crlbeﬁ above and is underlain by about 30' of grey beds; Above the 14 Ql“‘
unit grantolltlc mudstones gradually become yredomlnant aiter appearlr" flrst
as thin bands. R
i  The equivalent strata of Hebblethwaite Hall Gill, also underlaln by
gbouti30' of grey beds total 59'10" in thickness showing a slight decrease
from further north. At the base are anﬂroxjméte]y 10* of beds without grap-
tolltlc mudstone and the 5' immediately above this have OﬁlJ thin banded mud-
stone streaks from which no fossils have been obtained.

Almost at the top of Stage 1 is a 4" 1imestone whicP to'ether w1fh some

thin bands of graptolitic and non—grantolltlc mudstone can be traced over the
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TEXT FIG. 3b

Succession at the mouth of Wandale Beck of Wenlock Series Stage 1
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whole area (v. text fig. 3c). Above the 4" limestone is a bed varying from

1'4" to 1'103" which has the bottom 9" composed of non—"raptoljtic mudstone.

The “top of "Stape 17is drawn at the top "of this bed and avove the str?ta are
almost exclusively of theN”raptolltlc mudstones in which the foﬁs:ls are

flattened and the fauna  dietinct from the urderlying beds. 5 i

i
§ Foss1]s are not easily obtained from the water-polished, unweathmrad
mudstonee ‘exposed on Hebblethwalte Hall Gill and the routh of Wanda]e Bec?

and are more readily obtalned frou some of the .less comnléte sectlons 1n§

4

<wh10h the strata are more deenly weathered (e.z. Wandale Hill Gill A) fIn

v1ew of this difficulty of collectlnb fossils from the most comn]ete °ect10rs
no subd1v1q1on of the Qta"e 1s attewpted The Pickering Gill seotlon has

i

bppn stratlmranhlcally colleoted for some dzstance above its bace (v.‘Jext
: : j

f 3d) but no obv1ous pﬂttern of sn901es dlstrlbutlon har pmerbed.”j The

follownng species have been collected from Stage 1~-

Monoclimacis vomerina baclllca (Lapworth) * 5H,°3P 4P, 5P, ?6P, 1OP, 51W
: oL 49H, 3TW, 46i, 4TH, 25, 26V,

55 e B R S T.\' gow gna, 34b, ?12W, RN, 10N,
= Lo : - ; lM, 4&, 51w’ 49W, 9Fi, ?8Ra, 278N
o s

Momoollmac:e vomerina vowerlna (Nlcholson) . 4M,6M llM.

Moroclnmaons shottoni! sp.xnov. % 3p,5P,6P,10P,49W, 51W 28W ?8Ra.

5

kopoollﬁ301s 11nnarsson1 Tullber PATW 4M. ‘ﬂ\\ i ;f,
\ [T [
honocl1macis ere%tononqwq nicoli subsp. nov. - 8P, ?BRa.K

Pri%tlorrantuq watneyi sp. nov.‘* 37w, M. \ y

Nonograptus priodon (Bronn) *' 5P,10P, ?8P,37W,46W,25W, 26 ?8W 29W,9Fi, ?SRa,
Moﬁograptus minimus caut]nyensus subsp. nov.lO0P,49W,3TW, 28W,ﬁ 12N 8N 1ON 1M, 4M

s
P % o 3
i : . | ‘ _

e ‘ L CIM4M. N

e oy , .
Vonorrantus danbyi sp. nov. 8P, -

i e e . s : :
Vonosraptus simulatus s». nov. 28W 4M

s i SRS

¢ s — - .
Monoerantus sp. A~ 5P,8Fi. -

Cyrtograptus_centrifuzus Boucek 10P,8P,28W,9Fi,12N,8N,1M,4M,1F, 20N, 226¥, ?46&
' %, ¢4qw 251W.

o

gyr+onrantuq aff 1nqectus Boucek * 28w, 29W ?26W. i

_yrtograptus murchisoni ¢ Carruthers Ea 3TV,

SO

Retiolites g. geéinitzianus Barrande. 28W,26W,25W,29W,1N,4M,5H,5P,6P,10P, 8P,
. , 49%, 37, 4TW.
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WENLOCK SERIES (STAGE 1)
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Retiolites g. augustidens Elles & Wood 5P,9P,8P,51W,37W,25W,26W,28W,20W, 781, !
| ~ » 8N, 2M, 3, 4. o

Avlacopleura sp.

~ orthocone cephalorods, small brachiopods, crinoids, conularids, phyllocarids
crustaceans. ' . ' -

~ Of this faural list only the six graptolites marked with an asterisk
pass into the succeeding Stage, whilst of the ten remaining species only

R.g.geinitzianus was identified by Watney and Welch (1911). It is probable

that the srecies recorded here as C.centrifusus Boucek was tzken by Watne;
I g 5

and Welch to be C.murchiseni var. crassivsculus Tullberg which Boucek (1933) ?

considers to be synonymous with C.murchisoni bohemicus Boucek. C.centri-. -

fusus may precede C.aff. insectus on the evidence offered by the Pickering .

Gill section . (v. text fig. 3d ). As has been stated Stége 1'is not subdividedﬁ

and the Zoral name of C.centrifurus-C.insectus is adopted.

On the mouth of Wandale Beck section locality 49W has yielded the £ollow=*.

ing assemblaget- Monoclimacis shottoni, M. vomerina baiilica, M.v.vomerina,

Yonosrapntus mininus cautlevensis, Cvrtosorantus sn. and/R{g.geinitziahus,“ .
whilst locality 51W which occurs some 12' below the top of the Zone contained::

M.shottoni, M.v.basilica, M.v.vomerina, Cyrtogrartus sn. and R.g.ausustidens.

The hichest beds of the Zone which have yielded fossils are exposed on
Wandale Hil1l Gill B."  Here the typical assemblage of fossils is found in the
lower horizons (localities 47W and 46W) but just before the non-graptolitic - %

mudstone dies out'(37W) C.centrifucus is replaced by C.murchisoni. The other:

species are, however, typical of Stzge 1 and include:- ’ - RN

M.minimus cautleyensis, M.vomerira basilica, P.watneyi, M.rriodon, R.g.reinity

ianus and R.g.aucsustidens. . Upstiream the next beds yielding grantolites in-

dicated the riccartonensis Zone. -

Wandale Hill Gill A has 16'5" of the centrifurus-insectus Zone exposed.

The lowest beds are separated from the grey beds by a small fault which cuts

out the non-graptolitic mudstones typical of the base of the Zone, whilst the

top is faulted against the riccartonensis Zone. Graptolites are well preserva
ed, abundant, and because of the weathered nature of the rock can be colleoted§

easily. The species listed above as typical of the Zone (p.34 ) were collectJ

ed with the exception of C.murchisoni and P.watneyi (known only from the top
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‘the Zone), M.danbyi (known only from the lower beds) and M.linrarssoni.

The Hebblethwaite Hall Gill section, though well exposed in both banks,

is not easy to collect partly because of the water-smoothed, uaweathered rock

in some places and the cleaved and jointed nature of the rock away from the
stream. . The beds below the 4" limestone have yielded (at 5H):- R.o.oeinitz-

isrmis, M,v.vomerina, M,v.,basilica, Cyrtoorantus en. Upstream are the turchi-

soni and riceartonensis Zones., Ca , - R

* U The. centrifu-us-insectns Zons is also exnosed on Wainny Gill wheére the

stream bends .to the F¥ on meetinz High Pasture Wood. = Two small faults Lring

i g

down the grey beds against the red beds and then Stdge 1 against the grey-

beds. ~ The Zone is poorly exrosed cither low in:the risht bank or beneath

the water until the stream turns sharvly to the SW.  Lozcalities 3Wh-5%h con-

tain a typnical assemblage of C.centrifu’us, M.shottoni, M.v.basilica, M.»rio-

don and R.g.aucustidens. At the bend localities 2Wh and 12Wh have a murchi-

1
!
i
ik

‘i
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soni fauna of ‘M.vriodon, C.murchisoni Carruthers and M.v.basilica whilst a

i

short distance downstream locality 1Wh contains numerous specimens of M.riccar.

tonensis.

Other sections and exposures, ~enerally less complete, are described in
the chapter dealing with map description.
: ' ‘Stage 2-
-~ _The base of Staze 2 is an described for the top of Stage 1. Above the
Junction is a marked change in faunal content and slight but important changesgx
in-lithology. The depositipn of grapntolitic rudstone now takes place to the :

almost complete exclusion of other rock types, and coincides with a gracdually

%

increasing grain size, lime content and bottom current activity together with
a decreasge in primary pyrite content.  The fossils are usually prescrved as
flattened films in the rock.  CGenerally sveaking the variety of epecies found
in this Stare is iess than both above and below, each Zone being characterized

by a small but typical assemblaze.  The top of the Stage is drawn at the

base of the flexilis belophorus Zone which sees the incoming of a distinctly §
more varied fauna containing species which reach predominence in higher Zones.,
Stage 2 is divided into three Zones:

Zone of Wonosrantus antennulatus

Zone of Monograpvtus riccartonensis

Zone of Cyrtoosrantus murchisoni




Zone of C.murchisoni - Sl e e

The murchisoni Zone is one of the thinner but most conspicuous Zones.

Its base is marked by the disappearance of the following species-which were

characteristic of the preceding Zone:~ M.shottoni, M.minimus cautlevensis,

Monogrartus ‘spn. A, R.g.eeinitzianus, R.g.aucustidens; C.centrifucrus, M.simul-

atus, M.lirnarssoni, M.griestonensis  nicoli and M.danbyi.” -The top of the

Zone is marked by.the appearance of M.riccartonensis. M.rriodon and M.v.

basilica are the two most common species of the murchisoni Zone but many of
the bedding planes are crowded with flattened proximal.ends of cyrtograptids.

Occasional specimens with secondary-cladia show that these are C.murchisoni

Carrutbersjand,ﬁhat the species which comes in first at the top of the centrj~z

fugus-insectus Zone is now relatively common. &+ .= - - ¢

+. . A single bedding plane some 2' above the base contains numerous adult - i

cyrtograptid. rhabdosomes but often so crowded together that little detail Canzz

be -ascertained. - This bedding plane is typically slishtly calcareous and

contains specimens of C.aff insectus and probably also of C.rmurchisoni Carr-

.
Sy

uthers. The -former species has not been found abtove this point, and cyrto- . .1

graptids generally are resiricted to the bottom half-of the Zone.  The com-
plete fauna iss- ... - G : 5

C.murchisoni Carruthers 5CW,68Bf,?GH,12Wh.

C.aff.-insectus Boucek 50W, ?9H.

M.v.vomerina (Nicholson) ?53W,  ?54W.

M.v.basilica (Lapworth) 53W,9H,6Bf.
M.priodon- (Bronn) ' 53W,9H, 6Bf,12Wh.

This assemblage differs from that defined by 'Elles (1900) only in the

lack of M.riccartonensis, R.reinitzianus, and Storatorravntus so. The species

M.Hisinzeri var. recorded by Elles may be synonymous with P.watneyvi which

could be expected in the Cautley murchisoni Zone since it occurs both above

gnd‘below.

‘The murchisoni -Zone is seen in its entirety at the mouth of Wandale Beck |

section where it overlies the centrifucus-insectus Zone of Stage 1. The H

strata are well exposed in the left bank and in the river bed where they str-
ike across to-the mouth of Wandule Beck. Any single bed.may be traced for

as much as twenty yards, but from the water-smoothed rock fossils are not
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easily obtained. Locality 50W (2' to 6' above the base of the Zone) yields

M.priodon, M.v.basilica, C.aff. insectus and C.murchisoni. 4 2'3i" bed imn-

ediately above (52W) contains M.priodon and M.vomerina s.1. but no cyrtograp- f‘

tids. This is followed by a ted of exactly the same thickness from which

T

no fossils were obtained, but the succeeding bed (1'11", 53W) contains M.ricco-

artonensis, M.v.vomerina, M.v.basilica, and M.priodon. The thickness of the

e e e+ e

murchisoni Zone is, therefore, 10'7".
On Hebblethwaite Fall Gill the strata near the top of the centrifusus-
insectus Zone are well exposed in the stream bed and right bank.  Immediat-

ely overlying this Zone are two beds totalling 5'63" (9H) which yielded M.

v.basilica, M.priodon, ?C. murchisoni, diminutive brachiopods and a crinoid

bed. Overlying 9H are two beds respectively 2!'7" and 2'8" thick from which

fossiles were not obtained, and immediately above these are 2' of strata from

which M.riccartonansis, and 'M.irfonensis inclinatus were collected. The L

total thickness of the murchisoni Zone is 1C'94", that is slightly thicker @
than on the mouth of Wandale Beck section.
‘Some distance south of the mouth of Birksfield Bec& (691, 949) the murchw

soni Zone is exposed overlying the centrifusus-insectus Zone. Locality 6Ef

contained M.v.basilica, M.priodon, and C.murchisoni, whilst 5Bf which is loe- |
ated 51 yards upstream of the footbridse and 11' above the base of the murchi—ié

soni Zone yielded abundant M.riccartonensis. At this locality therefore, the

murchisoni Zone is of similar thickness to the above described localities.

Zone of M.riccartonensis

-

The base of "this Zone has been defined above and must correspond at least‘
approximately with that chosen by Watney and Welch (1911). The uprer limit
of the Zone is marked by the disappearance of the name fossil. It can be E
distinguished from the preceding Zone not only by the presence of riccarton-
ensis but by the~abSence of cyrtograptids. M.priodon has oniy been doubt- :
fully recorded except at the very base and is largely repiaced by M.riccart- %
onensis. This latter species is extremely comron and often occurs to the ex~

clusion of other forms. W.v.basilica, however, is also fairly comrmon and

the two species are tyrical of much of the Zone. The riccartonensis Zone

can be conveniently subdivided into three subzones:-

o b £ AR S i

Subzone ¢ (aprearance of several forms for first tinme e.g. P.dubius,

Subzone B (M.riccartonensis and V.vomerira basilica.)

Subgzore A

(incoming of M.riccartonensis, presence of M.priodon) i
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Subzone 4 contains M.priodon whicp is far more abundant in lower strata
and has been only dovbtfully recorded above this point. On the mouth of

Wandale Beck section the subzone is only 1'11" thick. M.irforensis iprelin-

atus subsp. nov. has been recorded from this position-on the Hebblethwaite

Hall:Gill section.

.- - Subzonre B forms the bulk of the Zone and is characterized by the typical

association of M.riceartonensis and the less common M.v.basilica.: - The same

two species are found in Subzone C but V¥.v.basilica is much less common. In:

"addition, however, are P.dubius, M.antennulatus, S.spinosus_rraesninosns,and

rarely, M.sedberchensis, M.irfonensis inclinatus, M.flexilis belophorus, and
flemingii-like fracments, '

This paftern;of subzones can be demonstrated on several strean seotiohsl !
and holds good~tthUghout the‘fegion. Thus above Subzone A on the mouth of L
Wandale Beck section are 48' of beds yielding M.riccartorensis commonly and

¥.v.basilica more rarely (localities 54W to 62W). ° Subzone C, fault-bounded

at the top, is only 10' thick and contains M.riccartonensis, M.antennulatus,
and P.dubivs (localities 63W to 65W). The total thickness of the riccart-

onensis Zone on this section is 60'4" (top not seen)

© o Immediately above the fell road on Wandale Hill Gill B M.riccartonensis

can be obtained in abundance from the poor exposures in the stream bed (38W).
There are no exposures for a short distancd where there is room for about 6!
of strata. Ten feet of weathered mudstone are then exposed downstream of a

small fault (localities 39-40W) which yield M.riccartonensis, M.irfonersis

inelinatus, M.antennulatus, M. sedbergshensis. .~ Avove the fault are 15' of

mudstones (41-42W) containing M.riccartonensis, M.irfonersis inclinatus, S.

sninosus praespinosus, P,dubius, and small brachiopods. Upstream is a reg-

ion of poor exposure where there is room for 22! of beds and above this the

ane of M.Plexilis belorhorus. The total thickness of the ricecartonensis

Zone is about 66°'.

The stream section of Middle Gill is better exposed in Stare 2 than in
Stage 1 and the pattern of Subzones is maintained. Thus the lower beds of
Middle Gill (6M) yield only M.riccartonensis and M.v.basilica with the latter

fairly common upon some bedding“planes, whilst the higher strata (11N-13) c¢....

tain M.ricecartonensis, P.dubius, M.antennulatus, M.flexilis belophorus, and

flemin~ii-like fragments., * These beds are overlain by the M.antenrnulatus
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Zone containing only the name fossil, P.dudius, and rarely ¥.v.basilica. On

Near Gill tke higher beds of the riccartonensis Zone are not well exposed but

the overlying antennulatus Zone is present and will be described below.
... On Hebblethwaite Hall Gill the top of the Zone is not seen but 68' of

strata are exposed. At the base locality 8H yields N.riccartonensis and

M.irfonensis inclinatus. Locality €H twenty feet above the base contains

numerous specimens of M.ricecartonensis whilst TH, in the highest 6'-7' seen,

contains M.riccartonensis and P.dubivs in association suggesting that Subzone
. . .

MC is present.

. .An interesting feature of the riccartonensis Zone is the presence of a

" calcareous grit which is remarkably widespread and constant in thickness.
It occurs in Subzone B and at the nmouth of the Wandale Beck section is 14'11%“?
above the base. On the Hebblethwaite Hall Gill section it is twenty feet
above the base and immediately underlies locality 6H. It is clear, there-
fore that a general expansion of the beds takes §1aoe to the south in this
Zone. The sare grit has also been observed on the Wandale Beck section (711,
997) and south of the mouth of Birksfield Beck.

.. The complete faunal list of the riccartonensis Zone is as follows:-

Subzone C. M.ricecartonensis Lapworth

M.oantennulatus Menechini

M.i.inclinatus subsp. nov.

P.dubius (Suess)

SK.s.praesninosus subsp. nov.

M.sedber-hensis sp. nov. 40W only

M.v.basilica (Lapworth)

Y.watneri sp. nov.

. M.flexilis belopborus (rare) 13V only

Subzone B M.,riccartonersig Lapworth
. M.v.basilica (Lapworth)

B.pulchellus 30W only

Subzone A - 'M.riceartonengis Lapworth

‘M.priodon (Bronn): -
M.v.basilieca (Lapworth)
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Subzone A M.irfonensis inclinatus subsp. nov,

M.v.vomerina (Nlchquon)
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é The antermilatvs Zone was almost certainly 1rcluded by hatrev and Weloh

:

(1911\ 1n thelr riceartonensis Zone but nelther this Aone nor the overlyln

one of fleY,]n helonhorus contains M. r1ooartnnenqnq. *“M antpnrulaﬂnq and i

P.duoqu are the two typical species of the Zone with M v.basilina now OHT"
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rarely recorded. The base of the Zone is tzken at the’ unper limit of V g
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riéoarfonpnsi%. M.antenmlatus and” P.dubiue Both~ aovéar in the *1?0%*fnnpn-

Voo LA
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ssemblage is not 1ss1n114J to that ?ecordeq by Elles (lgoO)ffroﬁ
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the riccartonensis Zone of the el h Bordarland but 1ac‘u ¥.riccartonensis
: :

and others, and in addition contalns P.m.mene-hini and! 'S.s. rraespinos us.
i

E

The antenmilatus Zone 1q 1nvar1ab1v present hetween the rlonartoneis.‘

!
Zone below and the flavilis belorhoruq Aone above and represents a nerléd of

6
denos1t1on of rather poorly fos°111ferous strata ohara¢ter1 xed by the Two :
[}
species anternnmulatus and ﬁubuus. Theiother listed qﬂevles have elther benn

i AU

re é ordéd from 13N only or ‘are rlre., The top of the Zone is defined by th@

ap arance of several forms in aburénnﬂe which Vere reco*ded rarely from Jower

(W k1n~1, M.flexilis helophorus) aﬂi by the'appearance of others for the

.irst time (M.f.f]emlnoiq, P. ﬁUblHSLWSQUdO']é%ﬁé>' Near Gill, Viddle Gilf

tne R.Rawthey (mouth of WQndule Beck ). are the vbree seCulonq where the neas

are best displayed (v. text figs. 3f,gh3 ) a :
{..The Near.Gill and hlddle.GLllhsectionuwareWillustrated on textwfig.g,hi

.1, and J e On the R.Rawthey downstream of the mouth of Wandale Beck
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241'9" of strata ave exposed in a cliff on the left bank above the riccart-
onensis .Zone. They are overlain by 15' of cleaved mudstones from which no
fossils could be obtained but localities 64W and 65W in the 24'9" unit yield- .

ed M.antennulatus and P.dubius. -The top of the Zone cannot be defined on

this section in view of the cleaved and poorly exposed nature of the over-
1yihg‘éffata.b

The third Wenlock Stage is typified by the presence of several species
fpr the first tire and the increased abundance of some forms recorded from
earlier strata. M.kingi is a characteristic species of Stage 3 whilst P,

dubivs, P.m.mencchini and ¥.f.flemirgii etc. become far more common. Other

species (e.g. M.2antennulatus) only survive for a short time in Stage 3 baving

reached their acmes at lower levels. Above the lowest beds of Stage 3 C.

rigidus mut., M.flexilis, and C.linnarssoni all appear for the first time

and are typical of the second Zone. . Stage 3 is divided as follows:-

?Zone of Cyrtogravntus ellesi

Zone of Cyrtograntus risidus mut.

Zone of lonocorantus flexilis belonhorus

Nowhere in the Cautley district has the top of the C.ricidus mut. Zone

been seen and there is soie evidence to suggest that strata equivalent to the
ellesi Zone of the Welsh Borderland exist. Similarly the to» of the Stace ;
cannot be defined since the sé}ll thickness of the 7Zone of g;gllggiglocated :
on:Ecker Secker Peck is also fault bounded. -

Zone of Monogcrantus flexilis belovhorus

. Watney and Welch (1911) marked the top of their M.riccartonensis Zone by ;

the incoming of C.ricidus and the Zone here described as flexilis belovhorus

was, therefore, included by them in their riccartoneusis  Zone. These author—i

esses record the following s»ecies from the riccartonensis Zone:- W.riccart-

onensis, M.vomerinus var.x , VM.vomerinus var.B , Retiolites svninosus, ¥.cap-

illaceus, M.dudius, M.hisingeri (Common), M.flexilis (very rare). . Clearly

most of these species reflect collection from the author’'s riccartonensis

and antennulatus Zones but the recording of M.flexilis as "very rare" susge-+-

L&

collection from the flexilis belonhorus Zone. The fauna recorded from the

flexilis belophorus Zone is listed below.




43

V.flexilis belonhorus leneghini 16M,18¥,19H, o :
M.ex. or. flexilis 43W "~ _

M.kingi sp. nov. 19N,16N,16M,18M,43W,44W."

P.dubius dubius (Suess) 19N,18W,16M,17M,18M,43W,44W. = - . R
P.dubius pseudolatus subsp. nov. 18N,10N. AR
M.antermulatus Meneghini 18N,17NM S A B ol

P.m.meneshini (Gortani) 16M

S.spirosus praesninosus subsp. nov. _43W,44V.

M.flemineii flemineii 10N,

flemin~ii-like fragments., o ' : T e I
" This faunal assemblage retains some of the characters of the earlier
beds particularly in the continued appearance of some of the less.common

species ‘such as S.s.praesninosus, P.m.menechini, ¥.f.belorhorus end flemirzii-

like fragments. M.antennulatus, however, is less common than in earlier beds’

and is last seen in locality 17N on the Near Gill section. P.d.dubiuve is

_ now abundant and occurs with P.d.pseudolatus which aprears for the first tine.f

M.kingi appears for the first time in abundance and is one of the most char-

.acteristic species of Staze 3, surviving intq Stagev4 only in & modified form.,
The base of this Zone is taken at the point qf appearance of .all these species
togzether andican be strongly contrasted with the relatively barren Zone at

the top of Stage 2. The top of the Zoze is very easily defined and taken

at the point which sees the influx of WM.f.flexilis, C.ri~idus:mut. and C.linn-.

arssoni,

The presence of M.f.flemingii, flexilis-like and fleningii-like species

in the flexilis belovhorus Zone, taken in conjunction with the absence of

riccartonensis, murchisoni, priodon etc. surgests that these beds are of lat- 5

er age than the riccartonensis Zone as defined in the Welsh ‘Borderland by
Elles (19C0).

On Near Gill the Zone is represented by 22' of strata (18N,19N) exposed
in the stream bed and low in the left bank. Exposure is not quite continru-
ous and there is Troom for 3' of beds between 18N and 19N and also between 18N
and- the top of the preceding Zone (15N). Locality 18N yielded the follow::

tpeciess~  M,antennulatus, M.kinsi, P.d.dubius, P.d.pseudo latus, F.flexil:

belorhorus. - Moving downstream and up the succession there is a short gap -«
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the exposures at the head of the waterfall followed by 2' of beds exposed
under water and in the left bank (19N) imrediately underlying locality 16K.

From 19N the following species were collected:- M.kingi, P.d.dvbius, F.d.

nseudolatus, M.f.belovhorus, M.f.flemineoii and flemingii-lile forms. Locality

16N sees the appearance of M.f.flexilis, C.linnarssoni, C.rigsidus mut. etc.

The Middle Gill section yields fossils less prolifically"but,theyvhave
been -collected from three localities (16M,17M and 18M). Inmediately over#+

lyinz 18M are beds yielding M.f.flexvilis, C.rigidus mut. etc. and below 16

are the relatively barren strata of the antennulatus Zone. The beds are rot

completely exposed and 17M and 18M are separated by a gap with room for 9f.
The marximum thickness, assuming no fault repetition, is 30°'. This figure is
rather higher than obtaired for Near Gill but in this section also the beds

are not completelv exposed. |, Localits M ocontaing P.d.dubius, M.flexilis
1 pletely rosed . L lity 163 ntaing P.4 , M.T1 ]

belonhorus, M.kinesi, M.anternulatvs, P.m.menechini, and flemincii-like forms.

Immediately above are 11' of mudstones exposed above the stream in the right

bank, in which the top 2' are the most fossiliferous (17¥). P.d.dubius, and

M.antennvlatus have been collected. = Locality 18l at the top of .the Zone 2lso

vields fossils sparingly but P.d.dubius, M.kinsi, and M. %v.basilica were ob-

tained. (It is possible that recordings of M. ?v. basilica made from Stage 3

represent extrene distal fragments of M.kingi particularly in view of ibe facté
that no proximal ends have been obtained). = . |

On Wandale Hill Gill B the base of the flexilis belonhorus cannot be seen:

because of the degree of exposure but localities 43W and 44W immediately under;

--1ie beds containing C.rizidus mut., M.f.flexilis, and contain the following

species:

© 44W  M.kinei, P.d.dubius, S.s.praespinosus.

oo 43W 0 M.kinci, P.d.dubius, S.s.praespinosus.

‘ M.ex.>gr. flexilis, (?flexilis belophorus see p269 )

P.ex. gr. dubius.

“ The Zone here comprises approximately 30' of strata compared with 30' and |
221 obtained for Fiddle Gill and Near Gill respectively.

Zone of Cyrtograntus rigidus mut.

~ The rigidus mut. Zone comnrises the greater part of the known thickness

of Stage 3 and is characterized by graptolites of the fleminrii croup, Curie- )
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idus mut, M.f.flexilis, and M.kin=i, The lower boundary and distinction from |

e

the flexilis belovhorus Zone has already been mentioned and is well defined.

On the other hand the upper béundary'cannot be defired at all since the strata
are either faulted against higher beds or obscuffed,by drift. The faura of

Stage 4 so far as it is known seems quite distinct from that of Stage 3 and

will be described below.  The fauna of the Zone of C.ri~idus mit. is as foll-

oWS - 0 3

C.rizidus mut. 16W,17N, 20N, 21N 22N 19M, 30M, 45W,48W, 6Cr.

M.antennulatus 16N ‘ L

M.kin~i 16N,17N,2ON,21N,22N,23H;19M,20M,?21M,?22M,23M,25M,26H,27M:28M,29M,30M
A5V, 48W, 6TH, 68W, 680,

S.spinosus praesnihosﬁq 16N,17N, 20X, 6TH.,

P.dubivs dubius 16N, 17N,20W 21N 19M,4OM,"26TT °27“,°28M,48W,67W,69W,50r,4Cr

P.dubius pseudolatus L6N

P.m.menechini 16N,17N,20N,21N,22N,23N,21M,22M,26M,30M,6?W.
M.f.flexilis 16N,17¥,19M,20M, 21M,21N 26M,27M,45W, 67W, 68W,5Cr, ?3Cr.
M.flflemingii 16K, 21N, 22N, 2 N, 24N, 221N, 22¥, 291, 30K, 50r,23Cr, 2Bd.
C.linrarsconi 16N

?M.v.basilica ?(10N,17N,19M,20M,22M,23M,24M)

Of this faunal list M.antennulatus and P.dubius rseudolatus are found

only at the base (16N) and are not typical whilst ?M.v.basilica very probably

represents extreme distal fragments of M.kingi. In conirast to earlier strat-

—~afe M.kinci and P.d.dubius are now very common species whilst P.m.mencchini,

S.s.prraespinosus, and M.f.flemingii are quite common having occurred only

rarely in the lower beds. C.linmarssoni has not been obtained with certainty

above the lowest bed. Of those srecies-listed only P.d.dubius and M,f.flem-

ingii persist Unéhanged into Stage 4.
The Near Gill section provides the best exposures through the lowest part
of the Zone and in all there are 69' of strata exposed. A fault cuts out

approximately 30' of strata between 23N and 24% whilsﬁ 10 aove the 2' lime-

stone of 24N is a fault along which a 1ampfophyre dyké ie intruded. This

brings down beds containing C.lundrreri etec. and the top of the C.ri~idus mut,
B ————— S

Zone is not, therefore, exposec on Near Gill.

A short distance upstream of Fandley's Bridze on the R.Rawihey (7065,9770)
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the 2' limestone of the risidus mut. Zone is exposed and here is underlain by

30! of strata before a fault brings up lower beds. Above the limestone are

about 15' of beds followed by a fault which brings down Stage 4 yielding g.
lundereni ete. ‘

On the Middle Gill section fhere is in all a thickness of 100! of beds ’
but once again a fault cuts the section between 21M and 22M so that the exact i¢
thickness between the base and the 2' limestone cannot be determined. A‘ |
sugwest d correlatlon of strata is shown in text fig. 3f and if correct only
)about 10' are miseing on Middle G111. One quarter of the total thickness
seen is found on top of the 11mestone where, above locality 30M, the section
flnallv peters out under the drift-covered lower part of the valley. The
fauna throughout this 110! df strata is given in the fahnal list above anq in
text fig. 3j and shows minor acmes of some species at certain horizons

?Zone of Cyrtograpﬁus ellesi

] The section in Ecker Secker Beck near its confluence with the R.Rawthey
ﬁay provide a clue as td the nature of the strata between the highest bedé

of Stage 3 so far described and the lowest beds of Stage 4 (described celow)
The highly faulted succession exposed in this stream is illustrated in text
flgs.glc and 31 . Locality 8Ra is located a few yards downstream from the
main road where the stream flows parallel to the strike. The fauna indicates

Stage 1 and the centrifusus-insectus Zone (M.nriodon, R.es.reinitzianus, N.v.
R ey s 2y S bl

basilica, ?M.v.vomerina, ?M.shottoni). The stream then bends and flows to

the NW at right angles to the strike and, after a gap in which 65' of bedé
could be present, 47" of strata containing localities 9Ra and 10Ra are expos-
éd. M.kinzi is found at 10Ra and M.kingi, P.d.dubius, M.flexilis, and C.

ricidus mut. at 9Ra. These strata must belong to Stage 3 and not to the rico~’

értongpsis Zone as stated by Watney and Welch (1911, p.221).  Locality 11Ra
yields hundreds of specimens of M.kinzi and locality 13Ra specimens of P.d.
dubiuvs, A few yards uostream of the mouth of Ecker Secker Beck locality 12Ra

yields the following species:- P.d.dubius, M.flemincii prlmuQ, C.cf ellesi

and M.kln”l . This fauna clearly has affinities with Stage 3 but the presen- |

ée of C.cf. ellesi and M f.primus susgests that the strata may be higher than |

the rigidus mut. Zone. From the bave of locality 9Ra to the top of 12Ra

about 167 are exposed though the section is cut by several faults. The

major fault at the mouth of Ecker Secker Beck brings down Ludlow strata and
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therefore has a vertical component of several hundred feet with a downtﬁrow
to the West. The smaller faults a few yards upstream of the main road -

bridce over Ecker Secker Beck also throw down to the West and it is likely ‘
that between localities 8Ra and 9Ra there is a fault bringing in higher beds ;
to the West. If the several faults alonv this stream contlnuously brlnv .
in higher strata to the west,perhaps as step faults connected with the major
dislocation at the stream mouth, then it is suggested that a considerable

thickness of sirata may separate the C.riridus mut. and C.lundoreni Zones

and that some of these beds may be arsigned to the C.ellesi Zone. Finally

whilet a painstaking re-examination of the Ecker Secker Beck section might

detect the top of the C.rigsidus mut. Zone it is unlikely that it will reveal .
the base of Stage 4. .
Stare 4

As has been pointed out above the base of this Stage cannot be fixed on
the evidence available. * At the upper limit, however, the chanﬁe into the
Ludlow Series has been observed and a definite line can be dréWn‘betwéen the
two Series. No single section shows the Stage in its entirety and the géner—
al sparsity of fossils (or at least the difficulty of obtaining them) has
made correlation between the various fault blocks difficult. ~The litholory
is very uniform throurhout and there is a lack of both palaeontolbgicai and
lithological marker horizons.  Four broad divisions can, howeveér, be recog-

nized to each of which the title "Subzone" has been tentétively given;

Subzone d apnrox: 25!

Subzone c¢ " 180!
. Subzone b " 200t i
Stage 4 450" +

Subzone a " 50

- The fauna obtained from the respective Subzones is as foildws:-.

Subzone d: P.psendodubins (Boucek), M.f.flemin~ii Salter, P.dubius (Suess),

Gothorraptus nassa (Helm), Delons obtusicaudatus howgillensis,

subsp. nov.. brachiopods, gastropods, and orthocone oepha]opodq

Subzone c: M.f.flemirsii Salter, M.f.primus Elles & Wood, P.d. duh:uq (Suesse)

Fbvoglfeq sp. crinoids.



48 i

Subzone b: P.dubius dubius (Suess), P.aff pseudodubius (Boucek), M.f.flemin- R

.. S . . e
cii Salter, M.kingi sp. nov., C.lundgsreni Tulldb., C.carruthersi?

Subzone a: C.lundsreni Tullb., P.d.duvbius (Suess), P.psevdodubius (Boucek),

M.kinzi sp. nove, M.f.flemincii Salter, M.f.primus Elles and VWood,:

Favosites sp.

It is not proposed to consider these broad subzones in straitigraphical
order but to describe first those divisions which can be mosi easily related

to established horizons. In view of the fact that Stage 4 is not completely ﬁé
£

known it is not subdivided into Zones although it is known that C.lundrreni

is restricted to the lower half of the strata examined so far.

Subrone a

Although the Near Gill and Handley's Bridge sections through Stage 3 are

faulted at the top it is thought that the strata brought down by these faults ?§‘
€ i

Jje relatively low in Stage 4. ~ These beds are the most richly fossiliferous

of Stare 4 and in the case of the two localities mentioned the rock splits

e

fairly well along the bedding planes. At the Handler's Bridge locality in
particular the bedding planes are well defined possibly as a result of some
gentle folding which occurs here (72W). The species collected at 72W were

C.lundereni, M.f.fleminoii, P.ex. gr. dubius, and Favosites sp. Immediately

downstream of the fault and lamprophyre dyie on Near Gill are several fossil-

iferous localities in fairly well bedded rock containing numerous small cal-

careous nodules.  Localities 25N to 3CW yield the following species:- C.lundw

greni, M.¥kinci, M.f.flemingsii, M.f.primus, P.dubivs, P.pseudodubius. ~ In

each case there is about 50' of fairly well bedded mudstone overlain by un-
fossiliferous, harder mudstone. On Near Gill there is room for a further

80" of beds before the tear fault on the R.Rawthey. The Middle Gill section

may at one time have shown the change from Stage 3 to Stage 4 but at the

present the whole of the lower part of the valley is drift covered and there

VPRI
s AR 0 AT

have been recent mud slips down the valley sides. Between the last exposure
of Middle Gill (30M) and the road there is room for approximately 125' of
strata. At the road itself Watney and Welch (1911) obtained the following

speciess~ (C.lundcoreni, M.dubins, and M,flemingii vard . These beds are

probably part of Subzone "b" of the present description, - Other localities
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with strata equivalent to those of Handley's Bridge and Near Gill have not
n

bee

0

een.
Subzoné 4

The top of this Subzone is well defined being the top of Stage 4 and of
the Wenlock Series and carped by the basal Ludlow lirestone.  The 25' of
beds comprising the Subzone are secen beneath the basal limestone in the foll-
owing sections: Mouth of Backside Beclk (700,971 ); mouth of Beker Secker

Beck; Hobdale Beck and Spengill.

the basal Ludlow limestone can he secn teneath the water where it weathers

to a yellowish hue. Anrroximately 9' - 12' below its base, on the left bank
0 ne R.Rawthey, are some swall exymosure Ra, 3R¢ ich yield P. 211 3.0~

f the R.Rawthey, 11 exy s {(2Ra,3Ra) which yield P.rsevd

dubius and M.f.fleminzii.  Altogether some 220' of beds are exposed between

the limestone and Cock's Dub (691 , 951 ) before the rain N-S fault arain
cuts the Rawthey to bring up lower strata to the east. Localities 5Ra and

6ha are located about 170' ~180' below the limestone and yield M.f.fleminsid

in abundance despite the proximity of 6Ra to a large fault breccia. A short
distance upstream locality 4Ra contains a crinoid bed with the fossils more
or less in the place of growth and with the arms orientated parallel to each
other. These beds downstiream from 2Ra and 3Fa are placed in Subzone c.

The Hobdale Beck section (6805,9455) is very similar. Locality 2Bd is
found about 20' below the top of Stage 4 {thouch most of the calcareous beds
appear to be cut out by a fault) and yields numerous specimens of M.f.flemin-

~ii whilst locality 3Bd at a slichtly higher level contains P.rseudodubius.

On Spenzill (6995,0020) specimens of M.f.flemincii have been obtained

within 3'-4' of the base of the calcareous beds.

A few yards downstream from the mouth of Backside Beck (7000,9705) the
basal Ludlow limestone is exposed at the top of a low cliff in the right bank
and just to the east of the Rawthey Tear Fault. Twenty two feet of beds are
exposed below the limestone and these have rather more calcareous nodules than

usual, At various points shelly fossils can be obtaired:- D.obtusicrudatus-

howeillensis (hypostore), torether with brachionods, gastropods and orthocone
cephalopods preserved in full relief in pyrite.  Graptolites have not been

found from this locality.

The faulted sliver of Wenlock beds (4%:) on the slopes of Wandale Hill



50

(see text fig.5b ) most probably belong to Subzone d since, in addition to

M.f.fleminoii and P.dubius, it has yielded G.nassa.

Subzones b and ¢

Between Subzones "a" and "a" is a considerable thickness of poorly fossi}
iferous strata. It has already been mentioned that the mouth of Middle Gill
may represent a position about 125' above the base of Stage 4, and here C.
‘1undgreni is s8till present. -Similarly the Crosshaw Beck section which also
seems to represent the lower half of Stage 4 to Jjudge by its 1ithology (Sub-

zone b is partly recognizable by the hard, barren, and relatively coarse
grained nature of the mudstones) contains at 1Cr and 2Cr the following formss~

C.lundrreni: ?, P.aff pseudodubius, and M.kinri.. - The last fossil has not

been found in the higher strata of Stage 4 and is taken, with C.lundsyeni, to

be an indicator of Subzones a and b. Subzones a and b are, therefore, sep-
arated from one another mainly on ihe gfounds of lifhology and the relative
abundance of the contained fossils. Apart from its occurrence on Croschaw
Beck. Subzone ¢ seems to crop out between Handley's Bridge and the mouth of
Backside Beck, and again between Low Wardses and Beck Side (6925,9950).

- It has been shown above that in the‘cases of Hobdale Beck and Ecker Seck-
er Beck the beds below the Subzone d are tjpifiéd‘by”the actundance of E;Q.'
flemingii. Locality 11P on Pickering Gill also seems to be about this hori-

zon and it yields M.f.flemineii and P.pseudodubius. . Shelly fossils occur

occasionally in Subzone ¢ such as the crinoid bed of 4Ra, ( aISPecimeﬁ-df'
Favosites sp. was obtained from a nodule sliwﬁtly downstrean of 4Ré); but are
more pommon in Subzone d as at the mouth of Backside Bed

A locality on the slopes of Wandale Hill (3W, 7000 9820) has v1e1ded ob-

scure fragments of a form possibly referable to C.carruthersi Lapworth. Other

species from the same locality, suggestirg Subzone b, are: C.lundcreni, P,

dubius, M.f.flehingii and M.f.prims.

Thickness of the Wenlock Series

Watney and Welch (1911 p.217) give the following thicknesses for the

‘various Zones:

Zone of C.lundgreni . 300'=4001" .

Zone of C.rigsidus : PR 178"
Zone of M.riccartonensis « 160"

Zone of C.murchisoni 100!

7381-838¢ .
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The centrifusus-insectus Zone measured at the mouth of Wandale Beck is
65'10%" thick and on Hebblethwaite Hall Gill some three miles to the SSW is
591021 showing a slight thinning to the south. The rurchisoni Zone on the
other hand thickens slightly to the south from 10'7" at the mouth of Wandale
Beck to 10'9}" on Hebblethwaite Hall Gill. The two Zones are equivalent to

the murchisoni Zone of Watney and Welch and thickness, therefore, is actually
rather thinner than suggested by them beinz 76' in the north and 70'7" in the

south.

The riccartonensis Zone is not usually fully seen but at the mouth of

Wandale Beck it measures 60'4" (14'1%" between the base and the %" calcareous

grit) whilst on Hebblethwaite Hall Gill it is at least 68! (20! between the

base and the 3" calcareous grit). Clearly the Zone is thickening to the

<
3]

South. Measurement of the antermulatus Zone is more difficult but it seens

to be about 20' thick in the north but has not yet been seen in the south.
Equally difficult to measure is the flexilis belophorus Zone but measurements
on Wandale Hill Gill B, Near Gill etc. (v. text fig. 3f ) surgest a thickness

of approximately 30°'. The three Zones (riccartonensis, antennulatvs, and

flexilis belorhorus) are equivalent to the riccartonensis Zone of Watney and

Welch, and the total thickness in the north is little more than 110' which is
again rather less than that assigned to it by Watney and Welch. In the south

it may be rather thicker if the tendencies seen in the murchisoni and rieccart-

onensis Zones are continued into the antennulatus and flexilis belonhnrus

Zones.

In view of the faulted nature of the top of the C.riridus mut. and *C.

ellesi Zones only minimum thicknesses czn be given. Thus the Middle Gill

i
i

section shows a thickness of 10C' whilst a small thickness (about 10') may be
faulted out giving a total of 110!, The Ecker Secker Beck section stroncly §

b

suggests that there may be a much greater thickness of beds and on this section

a mimimum of 18' can be assigned to the ?Zone of C.ellesi giving a minimur i
total fpr the two Zones of 128°¢'. 4 value of 200' is probably nearer the act- |
val ficure in view of the strata between 9Ra and 12R3 on the Ecker Secker Reck
section (v. text fig.3R!). In the High Pasture - Crosshaw area the strata
are folded and apnear to be coérser grained. . As in the case of sonme of the
earlier beds 1t is thought that thickening takes place in this direction.

Finally Stage 4 has a thickrness of about 450' but accurate measurement is

.
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impossible due toexposure failure. .
A minimum figure for the thickness of the Wenlock Series is approximately
760' and a maximum fisure in the region of €50, These figures agree quite

well with those obtained by Watney and Welch (op. cit.) but it is important to

realize  that the earlier Zones of Stages 1 and 2 are much thinrer ihan sucreste.

ed by their work. o

o Conclusions
a) -The Wenlock Series can be conveniently divided into four fadh51 Stéées
each retairing features of the preceding Stage in its lowest beds but having
distinct characteristics of its own.
b)“ Although lithologically very uniform the Series contains sohe ﬁarker b;ﬁd
(e.g,‘the sequence at the boundary of Stages 1 and 2) and some general chénges
(see chapter 6 )which can be used to supplement the faunal succession.
c) - The Stages can be subdivided 1nto Zones but for the reasons stated thlu
is not done in the cases of tafes 1 and 4 excent in a general way in order to
cuide further work upon them,
d) There mey be a general increase in thickness of the sediments towards the

south above Stace 1. This has been shown in the murchisoni. and riceartonensis.

————

Zones and the increase in grain size to the South in the higher Zones (seen

in the Crosshaw - High Pasture area) may reflect the same process at higher

leve]s.
e) The baoe of Stage 4 cannot be determined and in Stage 3 the succession is

incomplete.

Reference Sections |

Stage 1: Base of Stage 1 (= Bése of Weniock Series),.mouth of Wandale Beck
section on the R;Rawthey, exposed in right bank (7070,9780), details see text
andftéxt fiéures. ; . , :

Stage 2: Base of Stage 2 (= top of Stage 1), mouth of Wandale Beck seotion on
the E.Rawthey, exposed in left bank and stream bed (7065,9780).

Staze 3s Base of Stage 3 (= top of Stage 2), Near Gill section at the base of
locality 18N (7045,9710), strata exposed in left bank.

Stage 4: Base of Stage 4 and hence top of Stage 3, cannot be defined. The

top of Stage 4 (= base of Ludlow SerieS»and’top of Wenlock Series), mouth of

3

i
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Ecker Secker Beck on the R.Rawthey. Bourndary exposed in stream bed, and
richt bank of river (6915,9535).

Correlation of Sitrata

The table below (t.f.3m)shows the correlation of the Zones and Stages
established with those described by Watney and Welch (1911).

Stage 1 (= centrifurus-insectus Zone) is equivalent to strata described

by Shotton (1935) from the Cross Fell rerion as the Zone of M.crermlatus,

Brathay Flass (locality "g", Swindale Beck). Thus the form described here

as M.shottoni sp. nov. is the same as the form listed as "M.vomerinus var

crerulatus {Tornsuist)s; common", and the species listed as "Monocraptus dex-
a b H & St .

trorsus Linrarsson, var." is synonymous with the form described here as I,

minimis cautleysnsis subsp. nov, Other specimens in the Sedgwick Fuseum

collected from this locality ("g") are of M.danbyi sp. nov. and M.simulatus

sp. nov. type. Both Retiolites rseinitaianus au-ustidens and M.priodon found

at Cross Fell have been recorded from Cautley whilst the form listed by
Professor Shotton as M.nandug_(Lapworth) was possibly identified from those
specimens of rriodon which have been flattened and compressed (see text fig.
84 ). Since 1935 cyrtozraptids have also been found at Cross Fell. (Strach-
an 1960) and these recordings possibly account for the forms listed by Shotton
as M.spiralis (Geinitz). The whole fauna is cleéarly identical with the

centrifusus~insectus Zone of Cautley.

Text fig.Zm.illustrates the susgested correlation of the Cautley sequence

with that of the Welfh Borderland established by Flles (1900). The centri-

fumme-insectus and mirchisoni Zones at Cautley are probably ejuivalent to the
single Zone of murchisoni at Pencerrig etc. 0f the species listed by Elles

C.murchisoni var crassjusculus (= C.m.bohemicus Boucek), M.vomerinus var,

(= M.v.rracilis) and Stomatosraptus sn. have not been recorded by the present

writer though the first two were listed by Watney and Velch (1911). Unfort-

unately it has proved impossible to trace Watney and Welch's collection but

C.m.var. crassiusculus is probably synonymous with C.centrifurus whilst as

sucgested elow (p. 188) their M.vomerinus varB is the form described in this

work as M.v.basilica (Lapworth). Apart from these differences the fauna

civen by Elles is close to that at Cautley but, as has been shown, it has been
found convenient to divide the original Zone of murchisoni into two. -

The faunal changes into the riceartonensis Zone given by Elles (1900)
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include the appearance in abundance of the name fossil together with M,canill-

cedbs (= M. entennUTaTuq3 and, rarely P.dubius. In the Cau+1eJ Wenlock the

oA e 42, i WA b 8

Py S

1= st two eweolee occur bather uncovwonlv in. the Subzon c of the rnccarton-

evﬂle Zone but then tvnllv the oveTIV1nﬁ Zone of antevnu1 1tug hhere riec art—’

i
orensis is absent. Tne species M nriodon 3nd M.vomerirus ver<x (= M.v voma r—

in%) reoordod by - Lllc from the riccartonensis Zone do not T'eroe above the °

base of the TlCC“?tOD9n€1S Zone at Cautley and even here are not common. ,

%
i

The C.ijmetrlcue Zone (= C. r]*Wdue) wac defined’ by Elles as COﬂt%lPlW"

1n add*tion to the veme fossil, M. duhivs, 0 his inceri var, M. vomerinus var.ci

V v vnr.‘“ and M.prloﬂon. Elles and ¥ood (1012) Tre o*d also ¥.flemin~i

s [

c
nrnmue.~ The Zone.of flexilis belomhorus has more affinities w1tb kwvhor t»qu
e A 'J [ -

then the riceartovensis Zone in nartlcular the presence of M.f. f]nr1n~11, f19w-?

1rvvw-]1ke forme, Flevilis- -eroun species- end M. kW"NWMJKAOn the- oontlnent
ER AR [
P m anpa%]ni is only found in h1~herr trata (ve Pr1byl 1044) Whilst fTev111u

belonhorue 1s recorded from the Zone of M. f1ey111 (v. PrleI 1042) Vurfher f

more tne top of the flevilis bo1onhovue Zona is merﬂed bJ the avrearanoe of
C. 31nnqre onti and M.flexilis (cons1dered by Elles(lOOQ)and Fl]es and Poods;
(1912) to be tvnloal of the linnarssoni Zore) and mhat 13 nrobale late ‘

mutatﬂon of C.rigidus. Considering these a"tc _the f]eyﬂ]ﬂe hPEOhHorue Zone

1% equated with the C.rizidus Zone of the Welsh Borderland (thou*h 1ac?1r"

the name foss1l) and the riesidus mut, Zone with . thet of C.]innaresonl.

: i

é Correlatlon further afield is more dlfflnult but the pres ence, for ‘exam- !
i - !
p]e, of some Contlnental svecies may nrov1de a olue for at least r"ener:aﬂ corr= j
t

PR - e it st A A T e T SR e

elatlon. The “term centrifu-us-insectus Zone 1s not 1ntenaed 1o lmD]J e~u1v—

i

alenoe with the Zones of centrifusus and insg ectle reco"nlzed in Boheml but
i E
is; used in a purely deccrlntlvm marner. hevertneless the nresenoe of C. i

et

centr1fu7us at tre base of the Wenlock Serles suw*este at least annrox1mate

LT

-

equlva?ence.jf Other snec1e~ recorded from the centrlfuvue Zone in Bohemlaﬁ

dnd found in . tke centrlfuvus insectus Zone at CautleJ are.“ M.v.vomerina ard

H

R. g.ge1n1tz1anus;; Nelther Qne01es is diagnostié¢ and others recorﬂed from

tke Cautley Zone (e.o. N linnarssoni and R.u.au~ust1dens) anpear to be nore

thlcal .of lower horlzons in Bohemia. .’ Theeeltuafzon is made more dlfflcult

by the fact that tne SpeClec C.murchisoni descrlbed from Bohemla may not be

i

consPeclflc w1th Carruthers species and- thus casts some doubt- unon the- su““oe-

ed equivalence of the mirchisoni Zones of the two countries. What is clear,

-
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however, is that a general sequence of similar faunas is found in both regions;

Other species more commonly recorded from the Continent ares P.m.mene-

ghini, P.pseudodubius, M.minimus and C.insectus. The latter is described {

here as C.aff insectus although it is not completely knrnown and may show some

differences from Boucelk's snpcies. The Cautley specimens of M.minimus are
sufflClentlJ distinct to Warrant oeccrlotlon as a new subSD601e cantl eye
ensis, and is therefore of little use as a otratlvranhlc indicator. P.m.
~meneghini is recorded from the M.flexilis Zone of Bohemia and doubtzul]y from

the C.rioidus Zone. At Cautley it appears first in the antennulatus Zone

and continues into the flexilis be]onhorus Zone (eoulvalent to the ricidus

ZOne of the Welsh Borderland) but becomes rost common in the ri~idus mut.

Zone (equivalent to C.linnarssoni Zone, Wales and M.flexilis Zone, Bohemia)’

P.nseudodublus is recorded from the 1undoron1 Zone at Cautley and is fouhd at

‘a similar level in Bohemia.




CHAPTER 4

THE ILUDLOW SERTES

Previous work on the Ludlow Series of the Cautley district follows much
the same pattern as work on the Wenlock Series, mcst workers bhaving cohsidér-
ed the two Series at the same time. Sedsrwick (1852) in his "Ravenstonedale
Section® recognized the following divisions overlying the Coniston Flags:

" b. coarse hard grif, alternating with fhin bands of slate and flagstone 

(= Coniston grit). a' Slate, with conglomerate and calcareous cdncretions

(= Ireleth slates) and a. Coarse erit and slate with calcareous édncretions.(
Graptolites Ludensis" His divisions a' and a are approximately equivalent
to beas later known as Bannisdale Slates. Sedgwick (op. cit.) was also the
first worker to trace the Coniston Grits throush the Cautley district. Thus
he writes "... tracing it from Cautley Cragzs throush the south end of the
Screes; thence, across Winsterdale, to a high mountain ridge called'Adam—
thwaite Bank; and lastly to the north flank of Harter Fell. It is chiefly

comnosed of hard grey grits, which alternate with thin bands of slate and

flarstone..." Sedgwick's description of the lithologcical nature of the rocks

and the alternation of facies was not bettered by later workers in the same :
region.
Aveline and Huches (1888) recognized two divisions above the Stockdale

Shales, the Coniston Flags and Grits and the Bannisdale Slates.  The Conistan;

Flags and Orits were covsidered to be Wenlock in age and the Bannisdale
Slates in part Wenlock and in rart Ludlow. In this work they also refer to
the Riggs south of Sedbergh, and to Cautley Crags and Cautley Spout where E

Cardiola interrunta, Pterinea tenuistriata, Orthoceras subundulatum, and

Lituites giganteus were collected. A description is given of the Winder Griti

i
and its position noted as withir 1200' of the base of the Coniston Drits. i
Dakyns et al. (1891) described the Coniston Grits and Bannisdale Slates §

i

with particular reference to the Cautley district. Together with the Conis-

ton Flags end Stockdale Shales these divisions were included in the Upver
Silprian. The Coniston Crits were divided into three litholorical units

but the present writer has been unable to recornize these. The total thice™
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'

jness_of the Coniston Grits was thought to be not less than 3000°'. The dis-

tribution of the Rannisdale Slates in the Ravenstonedale area is given and

‘from Wyegarth Gill +they recorded Graptolites, Acidaspis, Cardiola, Pterinea O

. Orthoceras.

The Ludlow fooPe of‘the district were aeain examined vaWatnev and Veloh 3}
‘(1911) who lald emphas1e on the faunal content of the rocks and did not es-

tablish a detalled 11taolo~10al ‘succession. On the nueetlon of the passare

between the nilssoni and leintwardinensis Zones (whlch were 1denf1f1ed by them !
‘them) thev wrlte "... but, since the watershed oceurs in the L:dlow rooks, no
comnjete seotlon is foupd, and hence it has not been poselble to traoe the

nassare between the Nilssoni and the Leintwardinensis Zones." I+ wa2s consid- 7.

ered that the Zong of Phacops obtusicaudatus mlzht possibly be enu1valent to

the I, vuloaris Yone of the Welsh Borders.

Since th;s work the Ludlow strata of the Cautley area have received men-
ltion in severaIJpnnefe (e.b. Narrvl913 1916) but no further detailed work h
been undertaken. The nature of the Wenlock-Ludlow boundavv is deqcrnbed in .

detail below and a stratlvrap%lcal succession overlylrv tbe "Phanons obtus-

1o°ud°+us" Beds is ectablnshed.

The Peﬁe of the Ludlow Series

Watney‘énd Welch (op. cit.) place thke "Phacops obtusicéudatygﬂ Bed at

the base of the Iwdlow Series and describe it as a yel]ow, sandy bed. As
will " be pointed out below (p. 93) the lltholovy is in fact limestone. Text (!

flb. 4a crows the variation of the basal 13me°tone throu«hout the region.

Where 1t is well eYﬂowed it JS clear that the llmestore is blnartlte and con-

tains & thin bed of graptolitic mudqtone. ' This is best seen on Ashbeck Glll,

, i
Barbon Fells. It hes boen Vhown avove that N f. f1em1n011 and P.pseuvdord ubing

|
Knott, and Spengill but has also been observed south of tbe'*evWOH in the &1
l

oceur corrmonlv onlj a few feet below the base of tbe limestone and thaf G.

nassa nrobanlv occurs here more rarely.

e it 0 DT

 The craptolitic mudstone within the basal limestone contains graptoljtes |
2nd has yielded the following asserbla~e:- | |

Pristiograntus nilssoni (Barrande) 2S

Fonoorantus scanicus Tullbery 1Ra
¥onograptue c.chimaera Barrande. 5B4 o

Morograptus_colonus comnactus Wood  5Bd
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Vonosraptus chimaera salwevi (Lapworth) 1Ra
Vonosraptus varians Wood _ 25
Pristiocrantus vicinus (Perner) ; 14s,28

This assemblag é is cléarlv a nj]qeoni-Zone f$una ahd the basal limestone
cannét t%erafore, be eﬂuwvalprt to the vnlﬁnrl Zone of the Vel%h Rorder]énds
as su~gested by Watney and Welch, unless the lowest part of the b]nartlte
limestone be placed in this position. The fauna beneath the 11wnstone is
jndioétive of the Wenlock Series and the lower nart of tae llmestone is the
only bed which might be attributed to the vulzaris Zone. The actual recos-
nltlon of such a Zone by name 1%, however, quite urneces ssary and wou]a con-
tr1bute nothing to the e1u01da+1on of the stratigsraphy of the region.

The presence of lM.scanicus so close to the base of the Ludlow Series is

of interest and vecause of its occurrence both here and at higher levels the
lowest Ludlow graptolite Zone is termed the nilssoni-scanicus Zone. ?

Ashbeck Gill and Knott (v. text fig. 4a) both show the qame rattern of

der031t10n, and, though the exposures in each case are not perfect, a lower
limestone (10' thick on Knott) is geparated from an upper llmastone (20" thick
on Ashbeck Gill) by a thiﬁ band of nrantolltlc mudstone. The overlyins beds
on ¥nott seem to be about 22' of graptolitic mudstone before the first of the
Ludlow 0'J:'eywac‘«tes come 1in. .
A similar sequence is éeen on Sbenglll though here the relative thlcknewk-‘

es of the limestones are reversed. The lowest is a poorly calcareous, pyrit-
ous limestone about 15' thick which has usually to be dug out. - This is foll-

owed by about 6' of graptolitic mudstone containing P.nilssoni, P.vicinus and

M.varians,. Above this bed are 2@' of poorly exposed pyritous limestone. The |

3

limestone at this locality seems to be only locally highly calcareous and only :

fragmentary fossils were obtained. Watney »nd Welch, however, record P.ob-

tusicandatus. ~ This section differs from thoce Just described in that the
upper limestoné is immediately followed by 8' of grgywacke: Even further
north (Caiszill) limestone (presumed to be the upper limestone) is followed
directly by greywacke. In both instances however, this thin greywacke is
followed by graptolitic mudstore. In the case of Spengill a fault brings
down greywackes after only 12 of thése latter mudstones but on Gaisgill the
graptolitic mudstone is followed by 40' of coarse greywacke before a thin

(4', 3Ga) graptolitic mudstone band is seen.



rOn° Stockless (i1l -there-are.at.leagt 50{ of grantolitic muthope over- :Q
v1rg the basal Iudlow limestone, and a similar thickness is represented in’ ﬁ
the gully dralnlpg tbe we tern slo of Tiﬂdale Hill, and on Screes Gill. % e
vThe mouth of the Evker Secker Beck sect1o rovides. another. fnauure of

1nterest m1th respect to th° ba°al 11mnstone. At this locality thp ]omest

llmestone is 4' 51 thick ﬂnd is over]ﬂnn bJ about 6' of gra vto]itlo mUthth

1Pa) contalnlnv V. icus and. N.chlmanra‘qa]wnvi. The upper llmmstone ip

o i

rquin* and coarse greywackes f0110w o:rpct]v unon the ora +ol:tlc mudstone

for a thlckﬂe 8 of °f 1east 10 affer whlcb a thln ~rqntolﬂtlc muiatone bﬁnd

is found ]ntnrv91arcﬁ ~in the frequnwps. A considerable thickness of rODP
is mlsﬁlno since the upper nart of the 11me°Tonc, the °econd Tudlow Wrﬂvto]—
ite oand and ruch of the overlying ~revwacke urc absent. The»clumned Otdm

b3

£
nortn of Cro°° How and nvPoqod on the P. Rawthe" and the’ lumred bcu“ of thﬁ

; 4

Cross Fovq rezion are thow”ht to re“reqent mass of sedirment °1umw~d resnect— i
1ve1; soutq and north off an axis in the ro ~ion of Ecker Secker. Such strafa b
(]OO' * at Cro sshaw and 60- 70" at+«the C*oss Keys) are geen nowhere else in tha L.
revlon and at the norfﬂéfn IOCalltJ are ¥nown-to overly.the .lowest pa Iﬁmofwﬁhe
basql 11meston¢. Furthprmore, wh1]st measurement of the direction of slum%- ;
inw?iq”hof'eaév, those beds in the southern outcrop aprear to have moved fr;m
the north and those in. the northern outoron from the south (v. text fig. 4b )
At nach loca11+y the slnmned unlt oon51sts “of beﬁéwéf undisturbed or relati§~

1v¥una1st1rbed sraptolitic mudsfonos alternatln with obvious slumped bedé

and homomeneouq strata in whlch no 1nt°?na1 features can be seen. %

~ : The develonment of the basal Ludlow limestone and its associated beds lis
qummﬁrlzed in - tett fl”S 4a and 4b-. 7‘Severa1 COHETU°ions may be drawn:-
a) § The basal bedg of the Ludlow Serles are oomno ed of a blnartlte limes-

tone in which an intercalated gra n1011t1c muootone Jlelds a nilssoni-secanicus

i
i
'
i
-
i
H
¥
!
i
i
§
}

Zone fauna. The beds are underlain by the Wen]ock Serles. ?
b) E The lowest limesione bed is of variable tnlckness and is thlnnest in the
reglon of Ecker Secker Beck and increases from 4'-§' to ]5' on- Sr@n*111 to‘

the north. ; SO e DA e e f

v e
t

c) ; The upner 11mestone bed decreases in thlckness to the north and in th1°

1att@r area is overlain by a thin greywacke. _ : ;

[ R

a) i The bpsal limestone is overlain by the second udlow graptolite band é
H

whlch varleq from about 20' in the north an a south to about~850* ormore-in

.
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the centre of the district.
G)WWMA.minQrﬂaxis\ormupwarpkexisted in the BEcker Secker region from which-:
unconsolidated sediments slumped.

i

The Nilssoni-scanicus to Leintwardinensis Zones

The establishment of a stratlwrarhlcal succession in the ILudlow Se“lcq
has been a tashk of ”rea§ dlfflcultv, fqutly because the foseils range throu«
£h cons:derab]e thlaneQéE% of strata and secondly because sircam qeouloqs
usvally show only relatively small parts of the succession. Great Dummac}
Cautley Cracs, The Screes and Bram Rigg Beck are the key areas .for the reﬂ—
ognition of the succession which explains why Watney and Welch’ (1Q11) weru
unable to describe a detailed sémuence fron the area they chose for study.
Sedgwick (1852) clearly realized tre 1mportance of the CautleV«Cra”s rezion
and was able to trace the Conistoﬁ‘Grifs for some distance. Text fig. 40
ShOW° a generalized strat1vranhica1 quoceSQion for the ludlow strata.

The lowest 1000' consists of alternatln* units of graptolitic mudstore
and greywacke. The former are rplatlve]v thin and average 10'-15' in thick-
ness, whilst the latter are each about ]OU'“ Above this are 15C0' of utxata
consisting of alternations of ratn@r thlc}er units (each approximately 250'
'thwck) of greywacke and the Banded Uhlt Facies. Finally there are at least
15CO' in which the rreoomlnant rocP vpe is: tne Banded Unit Facies (deSCPlp-
tion see p. 99 et seq.) and in whlch Trevvacle units are subordinate. Tbe
last division is placed in the Eannlsdale Slates and the lower two in the ‘

Coniston Grits.

I ,
i

Text fig., 4dis a correlatlon chart of the many relatively short seotlon
Whlch bave ‘been measured. Tt is notlceable that, considering the amount of
mreracVe present in the su0098810n, tbp th1hkneeses of the various units
show remarveb1v 11tt1e lateral var1atlon. There is a sirple explanation for
this fact. It is shown in chapter 7 that the’ greywackes are derived from
the north-west-and that the sediments thlcken in this direction. Since wo t
of the measurementé carried out have been hade between Ravenstonadale in the
NE and Sedbergh in the SW they olear]v lie in a line at right angles to the
direction of surply of sediment and hence on the line in which least vsrlat-

b e S s

ion in thickness is to be expected.

The first exposures on Screes Gill are of 15' of graptolitic mudstone
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containing very large nodules of calcareous mudstone from which only shelly
fragments could be obtained. It is provably this stratum to which Marr
(1913 p.12) refers and considers "... is probably, however, very low down in
the Ludlow succession.' . This is confirmed by the present writer who consid-
ers.the bed to be only & short distance above the basal Ludlow limestones.

It is overlain by 23' of graptolitic mudstone (1 Sc) containing no calcareous

material and which yielded the following assemblage:-

P.nilssoni (Barrande) “P.vicirnus (Perner)
P,dubius (Suees) :  M.scanicus Tullberg
M.varians Wood : . M.roemeri Barrande

F.chimaera salwevi (Iapworth)

. Above 138c are 107' of greywackes containing a four foot grepiolitic mud-
stone band 20' above the base. No fossils were obtained from this band but

!
a 4' band in the same position on Gaisgill yielded M.leintwardinensis inecip-

iens? At the top of the 107! greywacke unit is a 15' graptolitic mudstone
containing some calcareous beds (2Sc¢) and which yielded the following species:-

P.vicinug, M.varians, M.leintwardinensis incivpiens. The presence of M.1.

incipiens low down in the nilssoni-scanicus Zone supports a similar record by

the writer from locality 2W (700,982) on Wandale Hill. This locality yields.

a nilssoni-scanicus Zone fauna but contains inciriens in abundance. . Its

stratigraphical position cannot be proven but by the nature of the lithology
and the preservation of graptolites in full relief it was thought to represent
part of either the 1st or 2nd Ludlow graptolite bands. . The fauna of 2W is

as follows: P.bohemicus, P?.wandalensis, P.ex.or. dubius, M.haunti, M.chim-

aera aff salwevi, M.varians pumilis, M.c.colonus, lM.l.incipiens, Slava interr-

upta, crinpids, orthocone cephalopods, pbyllopods, and Spirorbis sp.  Watney

and Welch (1911) record P.nilssoni from the same locality. M.leintwardin-

ensis irncipiens also occurs at a much higher level and will be dealt with

below. ; ‘ :

Overlying 25c¢ is a 115' greywacke unit before a furtheq oraptolitic mud-~
stone band,(lOf,.3Sc) yields P.nilssoni. Unstream of this bed the strata .
coritinue to be well exposed in the narrow, gorge-like valley and a further
84 of greywacke were measured. The degree of exposure then becomes tempor-
&lily rather poor and there may be some graptolitic mudstone at this level.

Measurem@nt is continued by climbing out of the right bank of Screes Gill ar:

-
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onto the face of The Screes itself. A further 80' of massive, mne?'}llv un-
graded Wrevwackp were measured bpfore the next fosq1]1ferous localltj, 43¢,

was reached. oVemlcun was obtained from this looallty which consists of
about 30' of ﬁell bedded rocV of which ova a subordirate amount is gcrartol-
itic mﬁ dstone. The reot is oomposnd of fine-srained ron-«ra“to‘ztlo mud-
Gtone and the bed as a whole is c1e°r1v intermediate between the "purp" ”Tqﬁ—
to]ltlc mudstone facies and the Banded Unit facies, ¥hilst the Banmad Unit
_Facles is typical of the Rannisdale Slates it nakes Jts first anneAraroe as
thln beds much lower down in the succession. It is com*oqed of thin grarp-
tolltlc mudstone beds set in upbanded, flhe—Nvalnod wudgtones and siltstones
of a darkish £rey hue in which ealcareous nodule bands are not 1nfrequpnt

and laminations of rmpvle drift bedding ianr]y common. The f301e° is fully
deccrl%ed on P 9/ et. seq.) hork1h~ waotwsroq along the face of The Sor@ps

a furtker 75' of ~re"waﬂkeq are seen. These contain solp marklr s and often
h°ve the caWoareous nodules mentloned by Sed~w1ok which weather to a brow
rortenqtone. At the top of tnls division is a three foot bed Qhow1n~ slump—
ing which is the only ev1dence of slurping detected by the wrlter evcavt for
+b9 case alreadv deocrlbed above. The exrosures are rather poor for a few
yards but then a 90! PreracP unit, evcent1ona11v ﬂaoalvelv bedded Pnd.ooproe
1n‘gra1n, crors out a1on0 about one hurdrcd yards of the face. Over]y1ng this
unit aré 38' of greywackes containine two thin graptolitic mpdstone bands (5Sec,
2'; 689;6')i Both have‘yielded“only frasments of gréptolites: Examination
of the Screés»sqcceSsion on téxt fig. 44 shows‘that aBove this pdinf the beds
are not well expééed ;but fﬁat‘the creywackes contain a Bandod Uhit éf about
30' f‘ollowed by a 40' greywacke unlt before the exposures become 0o noor for
dlrent nmeasuremnsnt. = There is room west of this position for about 230" of
beds most of which, to judge by the poor exnosures, are of the Banded Unit
Fa01es. - This is the flrst thick bed of this facies and is equivalent to an
identical bed on CautleJ Crarq (which can in faot be traced round Cautley Crﬂvw.
throu~h Cautley Spout to the appropriate point on the Screes. Further consid-
eration of the quccess1on 1s best taken up on Cautley Craws but 1t is as well
to note that up to the base of the thick Banded Unit almost 1000" of strata
have been measured. The typlcal succeesion of thln brantolltlc mudqtone units
alterrating with thickér greywaékerunits is well shown on several other sectin

such as :- Yarkside, Gaisgill, Knott, Ashbeck Gill ete. (v. text fipg. 4d ).
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On Cautley Crazs (Section 3) the first major Bonded Unit has a thickness
of 246' 2nd contains only rare ”veywaCAe beds. About 30' from the top at
locallty 1Cc (6825,9630) the beds are very fossiliferous and have yielded

complete specimens of Odontonleura hu-hesi Salter, Pterinea sp. and‘orthocone

befha]opods._ At fhe éame ievel locality 8Cc on The Screes contained O.hurh-

esi, Pterinea sn. and S.interrunta. Overlying the thlck Banded Unit is a

54t greywacke unit followed by a further 27" of. banded Unlt fa01eg. No;
fossils have been collected from thls latter borlzon from any part of the d1s~
~trict but it invariably occurs at the same point above the. thick Banded Unit.
This is then followed by a thick greywaclke unlt of which 170' are seen on
Section 3 before exposmres peter out. NMeasurement is continued on Section

5 of Cautley Crags since Section 4 does not show the top (though 220' of
greywacke are exposed). Section 5 shows 270!'.of sreywacle overlain once
agaih by 50" of Banded Unit facies of which the top is not seen. Locality

7Cc has yielded M.varians rumilis and Pterinea s». in abundance. This is

the highest horizon seen on Cautley Crags and further measurement must be
continued on the streaws which drain Great Dummacks and enter Cautley Spout
(Swere Gill, Red Gill and Force Gill Beck) v‘

. The last mentioned Banded Unit is exposed on Swere Gill and measures
140'-150"' in thickness.. Wo further fossiliferous localities were found. Tt
is overlain upstream by a 250' greywacke unit fopped by 12' of praptolitic
mudstone from which numerous lamellibranchs and a coral were obtained. A
further 100' of greywacke separate this bed from a 6' bed of graptolitic mud-

stone (4Cc) which vielded:- P.nilssoni?, P.bohemicus, M.v.varians, the last

two species being very commron. Avove 4Cc is a T5' greywacke unit followed

By 401 évaanded Unit Facies. Exposures then become rather poor but are in-
variably of greywacke bnfore the siream section finally becomes obscured by

drift, ' .

Until this point eiposures have been fairly continuous and there has
been little difficulty in tracing beds but as the watershed %s approached
exposures are very poor.  Between here and the head of Bram Rigg Beck there
is room for approximately 650' of strata of which the lowest beds are grey-
wackes (described above from the last exposures of Swere Gill) and the highest
beds of Banded Unit Facies. Locality 6Cc on Little Dumnmacks is in these
latter beds and shpws é_considerable thickness’ofkthem._, The following fossil

Were collecteds~
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M.varians : Calymene sp.

M.venurilis : ' orthocone cephalonods
M.aff, tumescens , ‘ . lamellibrarchs ' . ' 1

M.leintwardinensis incipiens? - V . - S

The fauna, therefore, is still indicative of the nilssoni-scanicus Zone,

Elles and Wood (1913) record M.v.varians from the nilssoni Zone and M.v.numil—i5§
is from both this and the scanicus Zone but not from higher levels.
‘From the head of Bram Rigc Beck the strata are well exposed until the

Junction with Rowantree Grains Gill is reached, and the beds are almost ex-

clusively of the Banded Unit Féoies. Between the stream source and the pojntfj
6645,9600 620' of beds have been measured.- Fossils are not eazily obtained
but locality 1Br 394' above the base of this 620' division yielded numerous

specimens. of M.leintwardinensis incipiens but 'no other species. - These beds

are overlain by 150' of greywacke which form the highest greywacke unit in

the ‘area examined. Downstream of this unit 220' of the Banded Unit bacies‘
are exnosed by the time the Jjunction with Rowantree Grain Gill is reached
thouch in this section the degree of exposure begins to deteriorate. Locali-

ty 4Br yields M.leintwardinensis incinierns again to the exclusion of other

species. A further thiclness of approximately 240' is exposed rather spor-.
adically betwcen the rmouths of Rowantree Grains Gill and Swarth Creaves Peck,
The strata are unfolded and dip gently downstream at ansles of between 30°

and 12° until a fault brings in higher strata about ore hundred yards down-

stream of the mouth of Swarth Creaves Beck.  Localities 2Br and 5Br wach

yield M.1l.leintwardivensis guite abundantly from very thin beds of grantolit-

ic mudstone contained in a predominantly unfossiliferous succession. No

specimens of M.l.inciviens were collected. The hisher strata exposed down-
stream areldf thebBanded Unit Facies but no.contained graptolitic mudstone
was found in spite of exhauéfive examiration.

The succession outlired above is summarized in text fig.4ec . If the
Barnisdale Slates are to represent a distinet facies, and the base a facies

change, then the boundary with the Coniston Crits should be drawn below loc-

ality 6Cc but above the greywackes which form the lower half of the 650' thick
section. This is the procedure which the Survey workers Followed but they

did not clearly designate the actual beds at which the line should be draw..

- ¥
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in any particular area, thougn deductions may be made from the published
sheets (Aveline, Huches and Tiddeman 1872; Aveline and Hughes 18723 - Aveline
Huzhes and Stra;han 18338).  Marr (1892) showed that in the Leke District

the pannisdale Slates were equivalent to the leintwardinensis Zone. If the

base of the division is drawn at the base of the leintwardinensis Zone in

the Howgill Fells then the Bannisdale Slates would bte an unnatural division-
and this »rocedure is not, therefore, adovted. The palaeontological divis-
ions do not quite correspond with the lithological units, and all beds from

2

locality 6Cec downwards should be referred to the nilssoni-scanicus Zone. The

nilssoni-scanicus Zone extends, therefore, into the lowest '350' of the Bannis-

dale Slates as defined at Cautley.  The thickness of the Coniston Grits is . .
thus approximately 2,500 feet and the thickness of -the nilssoni-scanicus Zone
is 2,850°'.

Above the nilssoni-scanicus Zone are 990' of strata yielding only K.1.

inciniens followed by at least 240' containing only N.l.leintwardinensis,

Since M.l.inciniens has been shown to occur in the nilssoni-scanicus Zone its

resence cannot te taken to indicate the leintwardinensis Zone. Wood (]900)

in describing the Zone of M.l.incipiens in the northern part of the Ionz -

Mountain district wrltes "It is probable, however, that the horizon marked

by the typical form is here unfossiliferous, and that M.Jeintwardirensis var.

incipiens occupies a lower position in the succession":. The thickness of the
l.incipiens Zone is giver as G0O'. In the same region Wood does not recog-

nige.'either the gecanicus or tumescens Zones, but considers that the Leincip-

iens Zone is probably equivalent to the tumescens Zone elsewhers.
Thus at Cautley the ILudlow Series is best divided into the following .

Zones: -

Zone of M.leintwardinensis - 240" min.
Zone of M.leintwardinensis inciniens 900!
Zone of M.nilssoni-M.scanicus 2850 . T

The leintwardinensis Zone, with a minimum thickness of 240' on Bramm

Rigg Beck, probably reaches a maximum thickness of about 500' before the hish-
er, unfossiliferous Bannisdale Slates are reached. ~ Whether it recurs at a
higher level cannot be determined in the region under examination.

This order of Zones is similar to that obtained by Wood in the northern
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part of the Long lMountain district and the leintwardinensis irciriens Zone

R R

oceurs roushly in the “051t1on of tbo tumescens Zone of other regions. Wat-

i SR

neyﬁand Welch (1911) thoufht that strata botwcon their Zomes of leintwardin-

L . . !
JS and nilssoni m1~ht be eou1valent to the scanicus and tumescers Zones

|

of %he Welsh Border%, and it 'is probably these which are equivalent to the

e e

Zone of M.1.incipiens. descrlbed here. In the area which they examined uuun

a éone could not be Jdentlfled because of the "enerall poor exposure at thls
H

level. Strata y1e1d1n~ M.l.leintwardinensis in other parts of the area also

i
i
{
§

contain N.l.aff 1no1n1@nq and P.welchi sp. nov. P welchi occurs at a 1ower
¥ . . e sttt e e — e bt

1ev%l;in'a ssociation with ¥.echimaera salweyi (locality 1We) whilst k.l.afﬁ. i
i et i . i

incipiens is probably the form described by Watney and Velch as M.l.inciriens

o g et

! . C s . :
ani may be a descendant of M.l.ircipiens recorded from a lower level by the

4

Wrnter. o j f ; :

H

i
H

. Several other sections in the reglon show the cucces%lon of the Ludlow

Serles to varying degrees of completion. These " are su.rarlzed on text flgs.
i
4d and e where they can be compared with the most - “comp 1ete successions. | On iy

¥

Snenblll the 2nd Ludlow graptolite band is exﬁosed above The basal llmestone o

and thln rrevwacke. Twelve feet of beds were meaaured before a fault brlﬂ“° f

quite éﬁmeasurable. The locality (35) contains abundant graptolites and

th@ following species were collected: P.? wandalensis?, MN.roemeri, ¥.v.

e i s

i ! e et 5 i
variens, M.v.pumilis, M.leintwardinensis incipiens.” 'Stockless"Gill; (6040

3,

0025) has the strata similarly poorly eynosed but above the basal lime tone ﬁ
; ! -

are at least 50' of gravtolitic mudstones oontaln1nﬂ the follow:nv sneclpq' ‘%

P.? wardalensis?, P.auctus sp. nov. M. ohlma@ra calwevi, L.Ucanlcus?, W c. i

! e

¥ # g ‘

§ The 91m11ar thickness of graptolitic mwdstone seen on the weotern sloneg

of !andale Hill (localltles 5W-10W, totall:n* at 1east 40 ) are. probably of

the °eme horizon. Tpe f0110w1v0 species were obtaand P. dvb1uq, P. auctun,

l

-

P.VlClnnS P. bohemlcuq, M. colonus, V roemeri, 1.var1anq num1]1 ) G;fassa,fS.

30 P

i

spinosus,-Phacons stokesi, cystids, crinoids, brachiono”s, orthocone cephalo=-

) . ' = : o B

pods, corals (rare). ‘ X .
¢ L . !

...Above the basal Imdlow limestone of Gﬁ1s~111 is a thin bed of ﬁrnvwac1

<t A M T sty - S\ i Smal, 5 e s ¢ g eee
N T ORI .r

as on Spengill, and anove this 16' of graptolitic mudstonos are eXpo sed thou~h {

there is room for rather more. This locality (3Ga) yrielded P,dubins, P,vie-
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dyus and a sirgle beddirg plane with M.fritschi, A further 125' of crey-
wacke containirs a 4' hand of craptolitic mudstore can be reasured downstreszm
‘of 3Ga firstly in the right bank and then in the left leaving the stream and’
mezsuring up to the road. Tre higher beds ere poorly exrosed but sre topped
by about 15" of graptolitic mudstone exposed in a swall quarry by the side
of the road. Further downstream the exposures fail end it is clear that a
fault passes through this resgion since the next beds seen ere of a much high-
er level, Locality 14 on the road south of Banks Farm yields sppecimens of

F.leintwardinensis (v. Watney and Weleh 1911, p.231). - Between locality 1A -

and the last beds seen on Artlegarth Beck near the footbridge due south of
Bank Farm there is room for at least 400' of strata. Those beds expdsed up-
stream of the footbridge are of two greywacke units respectively 120' and
169" thick serarated by a 75' Banded Unit. The greywacles may be aprroxim-
ately equivalent to the 150' of greywackes seen on Pramm Rigg Beck upstreanm
of locality 4Br, but if the species recorded by Watney and VWelch is in fact

M.1l.irecipiens then the sequence seen in this region may be of a lower horizon..

The writer's few specimens from locality 1A were more suggestive of aff, inci:;
iens than the type suberecies, but were not sufficiently well preserved to - ‘
ellow a definite specific determination. e ) ,

In the region of Adamthwaite Bank (709,005) locality 14b yields numerous

specimens of M.leirtwardinensis and M.l.aff inciriens. ' As in the case of

-the Banks Tarm area Jjust described the fossiliferous locality is surrounded
by an area of no exrosure but seems to be underlain on Stonely Gill by beds
consisting in the main of greywackes. Two greywacke units can be recognized,
a lower one of 167' and an upper one of 159' thick, serarated by a Banded
Unit of at least 40'.- The suggested correlation of the Banks Farm-Artlegar-
th Beck and Adamthwaite Rark-Stornely Gill succession with that estabtlished on
Bramm Rigg is summarized in text fig. 4e

In view of the degree of exposure in the Bowderdale Beck section exact
measurement of the beds is not possible but the same pattern as observed on
Bramm Rigg Beck can be seen here also. Thus there is an upper thick Banded

Unit (400') yielding ¥.l.leintwardinensis and Odontopleura hurhesi at local-

ity 1Bo, underlain by a greywécke unit ( 150') which in turn is underlain by
an appreciable thickness of the Banded Unit Facies. This last division can

be seen to be underlain by greywacke at (6775,0120) before a fault cuts acr-
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oss the valley and brings up lower strata to the south.

The Dale Gill - Greenside Beck section is not generally well exposed but
has Coniston Grits exposed sporadically at least as far downstream as localityi
2Da.,  Downstream from the waterfall (7050,C225) is a 260' thick Banded Unit
which is probably equivalent to the unit of similar thickness seen on Cautley
Crags and described above. Locality 2Da is thougsht to be equivalent to the
Winder Grit of Settlebeck Gill (6600,9315) and like this latter bed is over-

lain and underlain by considerable thicknesses of greywacke. Downstreanm

from 2Da a locality 1Gr yields M.l.inciniers, Odontorleura hushesi, and Pier-

irea sp. but exposure is not continuous between the two localities, The hor—z
izon of 2Da is clearly near the summit of the Coniston Grits. The Winder
Grit of Settlebeck Gill and the slores of Winder cannot be accurately placed
in the succession but again it seems probable that it is near the summit of
the Coniston CGrits. o

Wyzarth Gill is similar to the Dale Gill - Greenside Beck section in that
exposures are rnot continuous and that downstream are Bannisdale Slates over-
lying Coniston Grits which crop out sporadically nearer the siream source.
The relationships between the two cannot be adduced and no atitempt can be rade
to estimate the thickness involved in view of the degree of exposure, Local-

ity 1Wy has yielded numerous specimens of M.l.leintwardinensis and M.1l.aff.

incipiens whilst 2Wy , slightly upstream contairs lamellibranchs, orthocone
cephalopods and Q.hu~hesi, _
' Other less comnlete sections are included in ‘the correlation charts of

text figs. 4d and 4e or are dealt with, where necessary, in the following

chapter. The foliowing is a complete faunal list of the graptolites found
in the threse zones recosnized:-

Zone of M.l.leintwardinensis

M.1.leintwardinensis Lapworth

M.1l.,aff incipiens Wood

P.welchi -sp. nov,

Zone of W.l.inainiens

M.l.ineiniens Wood

Zone of nilssoni-scanicus

P.nilssoni(Barrande)

.
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:
i
i
1

P,hohemicus (Barrande)

P.dubius (Suess)

P.vieinus (Perner)

P.auctus sp. nov.

P.welchi sp. nov.

P.? wandalensis (Watney and Welch)
P. aff tuwescers (Wood)

M.haunti (¥uhne)

i

¥.colomis eolonus (Barrande)

M.c.comractus Wood

M.chimaera chimaera (Barrande)

M.c.zalweyi Lapworth
M.v.varians Wood -
V.v.rmilis Wood
M.roemeri (Barrande)

H.leintwardinensis inciriens Wood

¥

M.fritschi Boucelk

iz

‘.scanicus Tullbers

Conclusions

The Ludlow Series is divisible into three Zones:

3

ilssoni-secanicus

3
leintwardinensis ineciriens and leintwardinensis, which are resrectively 2850',T
%901, and 240' (scen) thick. The top of the ITudlow Series is not seen and

the beds above the lowest 240' of the leintwardirensis Zone have not been ex-

amined in detail. A vulgaris Zone has not been recoznized and beds equival-
ent to this Zone as described elsewhere cannot be identified.

On a litholopgical hasis the Series can be conveniently divided into Cor-

iston Grits below (2.5001) and Bannisdale Slates above (1,580' =een).

3

he

niston Grits can be broedly divided into an upper division consistinz of

A

r

2,

)

alternations of thick greywacke units and Banded Units each aprroximatel
230" thick and a lower division some 1000' thick composed of alternaztions of
creywacke units (each about 100') and thin crantolitic mudstones bends.

Both graptolites and shelly fossils seem to rance throush arnreciable

thicknesses of sediment but S.interrunta has not been found above the lowest

beds of the Bannisdale Slates and is restricted to the nilssoni-scanicus Zore.
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0.hu~hesi on the other hand anrears near the bvase of the uprer division of

—-the Coniston CGrit and continuecs. throush. into the Bannisdale Slaf@q Lamelli-%
%fanchs d? the Pterinea tonwus%ria+é t§ﬁo'°eém>to Fave a simi 1arﬂv9ﬁ e to
O.hushesi and both are typical of the Banded Unlt Fecies. The iow,st grap~

”dlrectly.

tolite ba ﬂs contaln mora oraptolites and a Wrnater variety of fo @Plls but

many of the species of grartolites rance throuchout the n11nson1—gnanieus

Zore. . :

Correlation with other recsions-is implied hywthe-msage of the Zonal nam-

o

s, The l.incipiens and l.leintwardinensis Zones combined mizht be equiv-

alent to;the leintwardinersis Zone of the Lake District recognized by Marr

and alsoitowthe Zone of the same name describéd by Watney and Weléh from

t
Lautley. ' mhe seanicus Zone cannot be recognized as a distinet Zone and is
i

,be%t included with n11~uon1 as the n11° soni-scaniocus 70ne. Beds ewu1vplont

to ‘the +nm9qo@ﬂ§ Zone of the Welsh Boraer]and have rot been 1dent1f1ea but

Eaa ) AN

it is p0351b1e that the l.incipiens Zore is in this position. A~31m1‘ar in-

ternrptatlon was given by Wood (1900) for the northern rart of the Long Foun~

tain diqtrlct. The same writer considered Marr's Lale Dlstrlct 1°1n+ward—

in ensis Zone "o be the 1.inciviens Zone and to overlie the n1]qson1 Zone
L R

5o W

i
i
i

L R Y Jere
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.CHAPTER 5

" * GENERAL DISTRIBUTION OF STRATA -

" One of the objectives of this work has been to produce an accurate and
detailed geological map. The first Survey map to cover part of the Cautley
 district was Sheet 98NE (1879, :drift 1887, New Series Sheet 39) on the.scale
1" to 1 mile which extended as far to the east as Bowderdale, Cautley Crags,
and‘Hobdéle Beck.- It did not, therefore, include the Ordovician inliers and
the region of the Dent Fault. In 1889 the Survey Sheet 97NW1(NeW Series: - :
Sheet 40) was published and extended across the Dent Fault and well-into Car-
boniferous country. - A map on the scale 3" to 1 mile accompanied the paper -
by Watney and Welch (1911) on the Salopian rocks of the Cautley district.’
This map is little different from the Survey Sheets and the. authoresses them-
sslves write MBeds other than Salopian and Upper Stockdale, and faults traver-,
sing these, are copied from the 1" Geological Survey Map, Sheet.97NW"....In .
view of the nature of the palaeontological study undertaken by these workers
.the production of only a general map i1s surprizing.since the recognition and
mapping of relatively thin faunal Zones goes hand in hand with the identifica—‘
tion of fault patterns etc. It is the purpose of this chapter to describe: -
some of the features of the area which have not been dealt with in previous-:
chapters and’in particular to consider the effects of faulting upon the dis-
tribution of strata, o o :

Watney and Welch (op.cit. p.216) were correct when they describedithe
region as'one which had undergone relatively simple‘folding,‘subsequeng_}ytcom_i
plicated by faulting. In comparatively few parts of the:area do the dipsxin :
the Lower Palaedzoic rocks approach the vertical and the folds are onlyrram;fl.‘y‘i
isoclinal. - Thus the northwestern slopes of Bluecaster (7120,9685) are com- |
posed of Wenlock strata striking constantly NE-SW.and dipping to the NW at
angles only occasionally in excess of 50° - and this in an area within half
a mile of overturned and strongly folded beds of the Carboniferous Limestone

Series. It might be argued that the intrusion of the Bluecaster Diabase sill|

prior to the Hercynian earth movements had reinforced’ this particular regionm, ;
but the same general rule applies to strata quite close to the Carboniferous %

-
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rocks along the whole length of the district. It is clear that the effect
of the Hercynian earth movements has been to superimpose a system of faulting
sub-parallel to the Dent Fault upon folds of an open nature. Local instanc-
es of high dip and tight folds of small magnitude are often the result of
fault dragging but the introduction of an Hercynian set of folds has not taken
place.

Caledonian Folds and Faults

To the west of the Cow Pasture - High Pasture area (696,936; 699,939)
: the strata are prominently folded on ENE-WSW lines, whilst the fold axes show
no relation to the fault pattern. The most southerly pair of the four folds

form an anticlinal hill and a synclinal valley and an examination of the top-
ography further south suggests that several more such folds may exist before
Hebblethwaite Hall Gill is reached. That the folds are tightest in the reg-
ion of the wood and barn (693,937) is shown by the distance apart of the fold
axes as one moves away from this point, and by the time Crosshaw Beck (to the
north) and Hebblethwaite Hall Gill (to the south) are reached the fold pattern,
fortuitously exposed in small streamlets near the wood and barn, is lost,

Localities 3Cr-6Cr yield a fauna typical of the C.rigidus mut. Zone of Stage

3 and pmay be considered to overlie Stages 1 and 2 of Hebblethwaite Hall Gill
and to underlie Stage 4 of Crosshaw Beck. , _

About half a mile to the west of the High Pasture - Cow Pasture area sim-r
ilar tight folding is seen on the R.Rawthey at Cross Haw (687,939).  Further :
upstream near St. Marks (691,946) and upstreaﬁ‘on Hobdale Beck (682,942) the ?
folding is gentle and thereplunges to the wesi and west-south-west. As one ‘
travels towards the junction of Hobdale Beck with the R.Rawthey at Hobdale
Bridge the strata, well exposed on the Rawthey in a gorge-like &ection, become;
involved in isoclinal folds. The fold axes are horizontal and are directed ;
ENE-WSW. Text fig.524 is a section showing the nature of some of these !
folds and quite clearly illustrates that they are not simple isoclinal folds. ;
The folding becomes very gentle again quite abruptly a few yards south of 7
Hobdale Beck mouth. The strata involved in the folding are Ludlow greywackes
and in some localities the fine grained tops of graded greywacke beds can be
seen to be completely sheared out by movement parallel to the bedding plane,
Thig is indicated by the slickensided and brecciated Junctions between beds.
Bounding the greywackes to the west is the Sedbergh Fault which cuts Hobdale
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TEXT FIG. Sah

Sketch section of the Ludlow strata exposed west
" of Cross Haw in the R. Rawthey. ST

 TEX? FIG. 5aB

Sketch of slumped beds seen west of Cross Haw in

water-smoothed surfaces of the exposures.
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Beck at (6825,9410) and to the east the Rawthey Fault brings up Wenlock stratsgy
If the strike of the axial planes of the isoclinal folds is followed-away -~
from the Crosshaw region it is seen that the folded region lies-in structural
discontinuity with the surrounding areas. It shows, in fact, more of the
characters of ‘the Cow Pasture - High Pasture district and it appears.that
these rocks have been brought into their present position from further south: -
by northward movement of a tear fault rather than by vertical displacement
bringing different structure levels ‘into juxtaposition. ' SR
Folding of the type just described is seen at no other 'localities in the

strata which have been examined (i.e. up to the lowest beds of the leintward-
inensis Zone). - However, the higher Bannisdale Slates in the immediate vic-
inity of the Carboniferous unconformify—of Ravenstonedale also appear to be
strongly folded, and, in some localities at least, the folds are isoclinal.
The Weasdale (691,038) and Bowderdale (675,039) areas show strongly folded’
beds. - In the western Howgill Fells the Coniston Grits are also folded iso-
clinally as can be séen on Carlingill Beck (645,992). * The fold axes in thig
region are directed E-W and the fold cores are often broken and quite common-
ly faulted. 1In these instances the E-W faults appear 1o be of the same age
as the folds i.e. Caledonian. It will be shown: later in this chapter-that .
E-W faults closely connected with an E-W pattern of folds can Stillfbé7ident1\\
fied in the eastern Howglll Fells despite the superimposed pattern of Dent:
Line dislocation.: ' r A : ‘ S

. The nature of the folding characteristic of.the Ludlow Series in the:
eastern and south eastern parts of the Howgill .Fells can best be deduced in
the Bramm Rigg area west of Creat Dummacks. =~ Examination of the 6" map shows
that a major anticline extends from Cautley Crags (988,660) along Bram Rigg,
to as far west as Castley Knotts (645,961). : To the south'is a complimentary
syncline of Brant Fell. . The plunges of these major folds:are variable in
degree but invariably to the west.. Generally speaking the plunge is great-
est in the region of Cautley Crags, that is immediately adjacent to the westw
erly-throwing Hercynian N-S faults. It is possible, therefore, that the
westerly plunges were .increased during the Hercynian orogeny. . The ‘two majon
folds described above arexpﬁckered on their 1limbs by oblique folds of ' small
amplitude but moderate wave .length.  These minor folds originate on the

crests of the major folds as, for example, at Seevy Rigg (653,962) where the
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major Bram Rigg anticline has two diverging synclines. . One of these extiends
W.N.W. from Seevy Rigg to Long Rigg Beck (647,964) and the other W.S.W. from .
Seevy Rigg to east of Ivy Crag (6450,9575).."The‘crest of the major anti- .
cline in the Seevy Rigg area is almost flattened out (almost synclinal in .,
fact) as is shown by the strikes of the strata on Calf Beck (655,963) and - .
Bram Rigg Beck. ~ If the fold axes in a system of this type are plotted indis._ -
ériminately'then:there will appear to be two sets of folds whose axes are : - |
slightly oblique to each other. . It is, therefore, better to consider such
a system as one set of major folds containing lesser oblique folds upon the
limbs, . Both types of fold must have formed simultaneously. : As can be seen
from the map the dips on .the limbs rarely exceed 50°.  The writer considers
that it is this type of non-isoclinal folding which persists. eastwards into -
the Cautiey valley (its presence at Cautley Crags is undisPuted).@H~Natura11y-
as the Dent Line is approached the number of faults increases though this may
also be in part a reflection of a change to é lower, less competent, tectonig
level... The Lower Llandovery dark mudsiones are, for example,far more dis-
located than other rock .types above. . The effect of increased dislocation
upon the fold style described above will be to alter the angles of plunge
(in this case tend to increase them to the west), to change the angle of dip
upon the limbs, and make less easily recognizable the major fold trends part-
icularly if some faults have a horizontal component.  Examination of the fo)
ds along the Cautley vaelley shows that the axes vary between ENE-WSW and ESE-
WNW. - In addition a few major axes lying approximately E-W can be discerneqd, .
" Thus in the NE Ordovician inlier the upper reaches of Sally Beck cut through
an anticline and the lower reaches near Rawthey Bridge cut through higher . -
strata held in a syncline.: B S e . S A

. There is yet another point of interest to be gleaned from the Bramm Rigg
anticline. f,Cutting obliquely across the folds described above are a series
of small scale plunging monoclines. . . These are exposed at the head of Bramm
Rigg Beck (6695,9620), Rowantree Grains Gill (664,955) and Swarth CGreaves
Beck (6525,9550).. - Their magnitudes and cross cutting nature suggest that
they are later than the main folds whilst their approximate parallelism to
the Hercynian faults in the SE indicate that they may be of the smme age as
the faults - indeed that they may be the first stage of such faults, =~

It has been thought in the past that isoclinal folding occurred in the
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watershed between the Cautley valley and Ravenstonedale.  Thus Watney and
Welech (1911 p.231) postulated such a state of affairs on the Gais Gill section
(715,010). - ~In fact the strata can be demonstrated to young:to the north down
the whole of the Gais Gill section from the point where Long Gill "joins it,:

to the part where the exposures fail on Artlegarth Beck (722,015). . The chan.g;-.Es
in horizon along the Gais Gill section can be explained simply and solely by

the means of E-W and NNW-SSE faults., = Thus at:the point where the Adamthwaitg
road crosses Gais Gill (7170,0110) Wenlock strata are exposed yielding M.f,

flemingii and ?Monoclimacis sp. at-1Ca. ' A short distance downstream these -

beds are overlain by the basal Ludlow limestone and the lowest strata of the
Ludlow Series and less than 300 yards:to.the NE Banniodalo Slates appear.
‘Between the two outcrops of low and high Ludlow strata no amount of iso-~
clinal folding could bring down such high beds (without faulting) so that a
fault must pass through the region of no exposure.: -(In consequence, unlike .
most of the.faults on Gais Gill, this one is not exposed). The fact that
sole markings show that the beds'young continuously to the north confirms thig
This fault is probably‘the'same dislocation which separates the:greywackes ' h
of Three Gills (721,997) from the Wenlock Series on Tive Gills - (725,999).

A short distance to the south of locality 1Ga greywackes are once again
exposed.  The E-W fault (Gais Gill-Fault) which occurs between the two loc-
alities is exposed on Gais Gill at the point (7135,0105) where it'is also cut
by a NNW-SSE fault with'a well developed fault breecia. This latter fault
brings down Ludlow greywackes to the west, whilst a NNE-SSW fault at the poiny,
(711,011) brings up Wenlock strata once again. At the junction of Long Gill
and Gais Gill Wenlock beds are well exposed ‘and both the lithological charac-

ter and faunal content prove them to belong to Stage 1. The strata dip to
ihe NNE and, therefore, whilst moving upstream one moves down the succession,
A short distance upstream the same E-W Gais G111 Fault as previously noted
brings in’ higher Wenlock strata to the south but these unfortunately are not
well exposed. ‘ e o ‘ o . ‘

At several points on the stream sections in this area "monoclinal" fold-
ing ié’seéh;§Which°bfobably represents folds of small amplitude on the limbs
OfimajorxfoldS: " An éxamplé is seen in the Banniédale*élates-just mentioned
whefegﬁin less than one hundred yards, the dip increases from 26° to 76° ang
then abruptly back to 30 . 'In this northern part of the Cautley district -
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the major folds described above have not been identified and the "monoclinal" ™
type is most common.  Faulting on the middle limb of these structures is to
be expected and'can be seen in several instances (e.g. Greenside Beck, 706,
024). The "monoclines" themselves are parallel to the strike which is here.
approximately E-W, and therefore parallel to the E-W faults of which-the Cais.
Gill Fault is but one example.ew Other examples are: . the Stonely Gill Fault
(7115,0015); the Randy Gill Fault (6825,9950) . the Bowderdale Fault (679,
998) and the Five Gills Ehult'(717,996).‘. The most southerly of these are
difficult to trace for long distancesxsince_the amount of cross faulting in-
creases considerably. . .. .7 . o 2 T TN EE S g

- As in the case of the western. Howglll Fells mentioned above this E-W .
faultlng is closely connected with: the E-W Caledonian folding. .- -Both folds ...
and faults of this type are cut by Hercynian faults which greatly complicate.
the picture and make the.recognition of the earlier structures very difficult
in the southern and eastern parts of the Howgill Fells.. - . 7 .:. - rooe. o

Hercynian Faulting - = .. . . .

- . Having thus-summarized.the main Caledonain fold types and theirhdistribu;\\
tion together with their associated. faults, it remains to examine the complic._
ated pattern of Hercynian fractures. . :.These are concentrated in a belt some
6 miles long and 2 miles wide to the west of the Carboniferous strata..  The
generaletrend.of‘theb:raoture belt is NNE-SSW and whilst some faults are para._
1lel to_this,directioﬁ (e.g. Rawthey—Wandale/Hill.Fault) man&rothers are obli._
que to it (e.g.lthe_Murthwaite Fault). . Bfoadlyospeaking three main direct-~
ioﬁs of strike of the fault planes can be distinguisheds ‘

a) NNE-SSW L ,€e8 Rawthey-Wandale Hill Fault ‘

b) NE—SW ) ‘ e.g. Nurthwaite Fault, Sedbergh fault

c) NNW SSE Y- Harter Fell Fault S L , . ‘
In addltion to these main types there are numerous small faults often .

strlklng at hlgh angles to the directlon of the maaor faults and which are ll

clearly aocommodatlon features formed 51multaneously w1th the 1atter. _

It has been suggested at various times 1n the past (e.g. Marr 1916) that
the dislocatlons in this reglon might be tear faults.;a If each of the main
categories of, faults (a b c, above) are examlned it will be seen, firstly,
that the NNW- SSE faults cannot be tear faults, at. least not in the reglon of
Gais Glll. , In this reglon two such faults crop out from Harter Fell to Wy-

-
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‘garth Gill, both cut the Caledonian Gais Gill Fault, yet neither displaces it _
Nor is there any evidence further south that faults of this trend have a hor-

izontal component. ~: =i L oo s e Do Ee i T S Lo et Tl e X

P

"~ Those in the Ffirst category (a) are parallel to the Dent Fault and have
-the greatest length of outcrop of the three groups.:..The outcrop of.the Dent
‘Fault in the region of Fell ‘End (725,991) is flexuous and ¢annot, therefore,
have a horizontal component unless the fault plane:is corrugated and has a
.considerable vertical ‘component or, alternatively, unless: the "fault" is form
‘ed by a series of fault slivers. This last interpretation is a possibility
and can be easily envisaged in the High Pasture -Blake Rigg (705,942) -

- Taythes Gill (708,953) region to the south. : North of the point where the
Dent Fault cuts ‘the R.Rawthey (718,974) exposure is not sufficient to determ-

ine this degree ofidetail and the "fault" is merely the line separating car-

L rFa

boniferous (vertical beds) from older strata., - ; : SR
It has already been suggested that the position of ‘the ludlow strata in
the region of Crosshaw might be due to a tear fault. . This would involve hop.
'izontal movement along either the Sedbergh Fault or: the Rawthey .Fault. : The
-Sedbergh ‘Fault has a very prominent curved outcrop and, as far as can be as-
‘certained, its fault plane is vertical. It is unlikely, therefore, that
this fault is'a tear fault. The Rawthey-Wandale Hill Fault on the other
hand has a remarkably straight outcrob’for almost six miles, and conceivably
has a horizontal component. = This is supported byithé fact that several str\l
tures to:the west of.the line cannot ‘be traced to the east:(e.g. the Bram R1€§
- Cautley Crags anticline).- , AT SR N S S R S T S A S
» It will be appreciated that in an area of faulting of.this nature some
of the usual means of identification of tear faults (such as mannerof dis-
-placement of outcrops) cannot be used. The later movement of fault blocks -
‘and slices qﬁite independant.of each other renders any general deductions on
the manner of displacement of outcrops extremely difficult. Nevertheless in
the case of the Murthwaite Fault (caqegory;"b") sinistral movement seems to
‘have torn the Ordovician strata and associated Silurian beds to the SW. The
anticline ‘on the upper reaches of Sally Beck (mentioned above) is not repreg‘\
ented directly to the west of the Murthwaite Fault but has been displaced to
~the region west of Murthwaite Park. ' Thus the strike seen on Three Gills ° .
(722,997) is broadly maintained until Wandale Hill:Gill B (705,984) but at. .



Wandale Hill Gill A (705,979) it has changed to approxmately 130. - The
anticline.plunges at about 25° to the west. . ; o SR

If the strike of the Murthwaite Fault is followed to the SW.past ;. Hand-
ley's Bridge it would be expected to cut Backside Beck in the region of the
footbridge (7000,9825), and such is the case. The fault cannot be traced
any further to the SW and:whether it displaces the Rawthey-Wandale Hill Fault

or is displaced by it cannot; be ascertained with certainty. ' Since it does
not cut the Pickering Gill region however, it is assumed that the latter is-
the case.... ..+ .o ool T e B T S AU S T
A fault striking parallel to the Murthwaite Fault can be traced in the -
R.Rawthey from the point where Middle Gill enters to the mouth of Backside.
Beck.. .It is almost continuously exposed for a distance of 400 yards and is
represented by a considerable fault breccia. . The most interesiing locality
along its course is scen at the mouth of Backside Beck. Here the strata ad-
jacent to the fault are tightly folded and have their fold axes plunging - ...
quite vertically. It is: difficult to conceive any other origin for such'.
folds than formation adjacent to the fault plane of a tear fault. :The south
westerly termination of this fault remains in as much doubt as the Murthwaite
Fault, e
. It would seem, therefore, that there is evidence to suggest that some :
faults in categories "a'" and "b" above are. tear faultis. . Assessment of. the
amount of horizontal movement is, extremely'difficult however, but in the cas g
of ,the Murthwaite Fault it may be up to half a mile in a.sinistral sense... If
the folded strata of Cross Haw have been positioned by tear faulting this . -
would probably involve dextral tear. ' The occurrence of sinistral and dex-.°
tral tear together on a small scale can be observed &t the mouth of Wandale
Beck where mudstones of Wenlock Stage 1 yielded long,  badly preserved specimw

ens of M.v.basilica which had been displaced in both senses on the samefslabs

It is inevitable that the recognition of the structural pattern outlineq
above, and the mapping of it in the field will result in modifications of
previous concepts of stratal distribution. ' The fault shown by Watney and
Welch (1911) and the Survey workers (1889) as cropping out from the mouth of
Backside Beck to Watley Gill for example, does not exist. However at the
mouth of Backside Beck there is a very small fault which can be seen striking.
in the direction of Ben End but it cannot have a downthrow of more than a forw

-7
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feet since the horizon is the same.on both'sides of a very small breccia.: At
the summit of Ben End-(695,976) a.fault with a similar trend may separate the
Ordovician rocks of Westerdale from the Silurian.to the SW. . Apart from these -
however, the strike of faults on Ben End is NNE-SSW and not ¥W-SE. ‘.- N

Differences compared with past-work - @1 . . '"ioltonooon Do ouTr

‘Watney and Welch show an area of "Unmapped" Wenlock bounded on the . north -
by Stockdale rocks. ~In fact:the wholé of this area is occupied by Ludlow
stréta?except'on Watley Gill where:Wenlock rocks-can be proven in the posit-~
ion in which those workers piace "Stockdale". . Some of the highest Llando-:
very rocks are-cut out on Watley Gill by a fault striking along the slopes of
Yarlside and Kensgriff but to the west of the fault some grey beds are. seen
overlain by the lowest Wenlock.- Between this point and Yarlside. .crags no
exposures are seen but at the latter locality the Ludlow successionucan;Be
established.ive Yoi. Jio. o oo o S B LR

‘The same writers show an area of "Stockdale" between the footbridge near
the Cross Keys:(6985,9695) and the mouth of Cautley Holme Beck (6930,9675).
Strata are exposed for about one hundred yards downstream.of the footbridge
and consist entirely of Ludlow greywackes,  Furthermore a similar exposure .
of greywacke 1s seen about one hundred yards downstream of the mouth of Caﬁf,
ley Holme Beck.- There:is, therefore, no ev1dence whatsoever for the. ‘presencg
of Llandovery rocks in this area, nor indeed for the _presence of Ordov1cian )
strata bounding . theﬁzﬁgdﬁhg NWe o, Lo P -

.The lowest half mile or so of Backs1de Beck is shown as forming the boun\\
- dary between Wenlock and-Ludlow rocks with the Zone.of C.lundgreni- to the eas+y

and Zone of M.nilssoni to,the west, - An examination of the writerfs“map will

show that the manner.of folding of the greywackes along thig stream section.

precludes the occurrence of Wenlock strate either in the.left bank or upon

the -slope of Wandale Hill. This can be confirmgd in .the field where the .

stream section as far upstream as the point 6985,9780 cuts .through greywackes

of Ludlow age which are at least 50 above the base of the Ludlow Series. . Aﬂ:

the above grid reference a fault brings up:Wenlock strata between here and

the: locality upstiream where the Wandale H111 Fault crosses Backside Beck. (698C)

9805). o T S N
Text flg.5b y 111ustrates the Wandale Hlll Fault from the above locality

to thekmost southerly . of the scree-filled gull;es on Wandale Hill, . The str__



ata exposed in.the small stream'draining from Narthwaite quarry may be. con-
tinuous with those beds on Backside Beck Jjust described. = At locality 3W.-
they, yield C.lundgreni, P.dubius, M.f.flemingii, M.f.primus, and'2C,carruth-

ersi-and dip downstream at 569, As one approaches the Mountain View road
the dip lessens to 35°% but throughout this stretch younger strata.are exposeq.
downstream. , Consequently as one works upstream one camnnot pass normally-in. .

to Ludlow rocks. . .Locality 19W is Wenlock in age (cf. Watney and Welch 1911,
P.229) yielding M.f.flemingii, whilst locality 2W contains a large Iudlow.

fauna of P.bohemicus.etc. . The two localities must be separated by a fault,
whilst in Narthwaite Quarry itself a small fault is exposed which brings .
greywacke against the graptolitic mudstone of 2W.  Below’the Mountain View
road Wenlock beds are exposed for some distance before a fault brings up L.
Llandovery mudstones into which is intruded a thin representative of the ‘-
Bluecaster Diabase. A few yards further downstream the main: Wandale Hill
Fault brings up ' Ordovician beds.- - - - S
. Several further discrepencies between the present work and past work carn

be seen by reference to the writer's 6" map which will be discussed in due
course, but requiring immediate attention is the dlstribution of Stage 1 of
the Wenlock Series on the NW slopes of Bluecaster. - e

Watney and Welch (op.cit.) depict their C.murchisoni Zone as extending:
from the 0ld road up to 150 yards above it in the region of Middle Gill, Fax
Gill and Near Gill.: . Their text, however,.(p.218 et. seq.) ‘describes the

Zone as cropping out below'’'the road and only occurring above it in the regior1
of Far..-Gill.. ::On Far:Gill no further exposures are found after 50 yards~"
above the road. -~ 4s- it is, therefore, -the width of outecrop of the rocks bel._
onging . to Wenlock Stage 1l:can be proved to be at least 50 yards.  Since in
this area the thickness which can be assigned to this stage is a 'little over
70'y the base must be very:close to the last exposures some 50 yards above
the road and certainly cannot be in the region.of 150 yards above the road ag
suggested by Wainey and Welch. ' On Far Gill the upper boundary of Stage 1
occurs gi the 0ld road which agrees with the position mapped by Watney and
Welch:for the top of their C.murchisoni Zone but on Middle Gill and Near‘Giln\‘
the upper boundary of Stage 1 lies a considerable distance below the road:
which agrees with the text but not with the map of Watney and Welch.

On the Niddle Gill section grey beds of the U.Llandovery are exposed a

.
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few yards above the road just above a felsite sill, whilst on Near Gill sim- .
ilar beds are seen just-below the road. The whole of Stage 1 must, there-
‘fore, 1ie below the. old road on the Middle and Near Gill sections.
Areal Distribution of the Strata ~ = - o oo TooT oo T ol g

" 1 The writer would like to draw attention in this section to the general

distribution of strata and particularly to mention those sections:and loc-
alities which it has not been possible to discuss above, or elsewhere. ‘

- The:most southerly exposures of the L.Llandovery beds are on Whinny Gil)\
:(696,941; 698,942) where a small- thickness of dark. grey mudstone overlies
poor exposures of Basal Beds of ‘the Silurian... Graptolites such as C.norma-~
lis, C.medius, M.atavus etc. have been obtained though the A.acuminatuS‘Zonek
could not be identified. . :In the case of the most northerly of these two . .
localities. the exposures peter out up a small gill which enters Whinny Gill
from the SE.. . The southerly exposure is cut off after a few feet (715') .by
‘an E-W fault which brings down U.Llandovery beds exposed in a cliff in the

left bank. .The:latter are faulted against a thick felsite sill near the -
*junction with Cross Haw Beck. . ' ;

.+ ‘Further. exposures: of L.Llandovery beds are found on Marsh Lane (6930,
- 9425).and at locality 1Ma R.longispinus was obtained. Most of theexposursSE

are of crushed mudstone: and are overlain upstream firstly by.a diabase sill,
‘presumably part of the Bluecaster sheet, and secondly by badly disturbed - . ..
U.Llandovery mudstones. Into the latter beds is intruded a thick felsite
si11 which-'is almost certainly the same bed as the sill on Crosshaw Beck.
The distribution of Wenlock Stages 1,2,3, and 4 between Hebblethwaite:
"Hall Gill and Crosshaw Beck has already been mentioned but the former section
“is also of importance in furnishing a superb exposure of U.,Llandovery rocks
“which are not intruded by felsitic material.: >The felsite sill described :
'above57théreforeé'has either thinned out or occurs at a lower level than the
turriculatus Zone which comprises the lowest Llandovery beds seen on Hebble-
-thwaite Hall Gill.: . To the west the U.Llandovery is faulted against the
‘Wenlock Series,  Locality 10H yields a riccartonensis Zone (Subzone C) faunQi

‘of M.riccartonensis, M.antennulatus, and -P.dubius whilst 11H contains M.rice
AL —=8

‘artonensis. ' Higher beds are exposed downstream but no fossils were obtaing
The Wenlock strata are faulted in the west against the basal Carboniferous

~conglomerate,’ the boundary between the two being marked by a.considerable
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fault breccia. It is this fault which appears to terminate the Rawthey Fault.

 Upper Llandovery strata are again seen in Lat Gill (692,945) further -
north where they crop out high in the left and right banks.. '"Red" beds and
grey beds are seen underlying Stage 1 of the VWenlock which is exposed in the
old pine wood. 5 ! v EEE R

- On Ecker Secker Beck rather more than half a mile to the north both L.
and U.Llandovery rocks are exposed upstream of the main road in a very disloc-
ated and intruded section. Felsites and lamprophyre dykes cut the beds every
few yards so that where the rock has not been crushed by fault movements it
is baked hard. Fossils have.not been obtained. S

Finally the Llandovery rocks are exposed, generally rather poorly, around
the western and north western periphery of the northeastern Ordovician inlier.
The degree of faulting dictates that the exposures are usually of little use:
stratigraphically whilst the beds are often so crushed that fossils are not
obtained readily. e : : ‘

.The distribution of the Wenlock Series has been largely described-but a
few sections of interest remain.’ An inlier of Wenlock rocks is seen on the..
R.Rawthey at Rake Wood (6850,9335) where it is almost surroundedlby conglom-
erate and faulted against Ludlow rocks. = The beds are quite well exposed but
are strongly stained by iron derived from the conglomerate above...:Although -
the bedding is usually difficult to. discern the strata appear to.form a gentle
anticline.. .« : , ’ R e 5 combanT i w

Stage 4 of the Wenlock Series .is exposed between the Sedbergh Fault and
the basal Ludlow limestohe on Ashbeck Gill. . The beds are.extremely cleaved
and it is almost impossible to split the rock parallel to the bedding plane
so that no fossils were obtained.. ’ On lithological grounds however-all the
rocks exposed should be assigned to the fourth stage whilst a certain amount.
of repetition-by~folding and faulting may occur.:- - i: .o . L

.- A short distance to the north-of Stage 4 of Pickering Gill' the Stage is
also . exposed beneath poor exposures. of the Ludlow Series.: -Unlike the Picker-
ing Gill sections fossils could not be obtained, :but both localities clearly
represent the highest Wenlock beds exposed in the:core.of the Bram:Rigg ~Caut-
ley Crags anticline.: ' k L e

‘Further north Stage 4 is again exposed underlying the.basal Ludlow lime-
stone on Bowderdale Beck and:Great~Randy.G111. - .The rocks are folded into a
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series of E-W folds and are so cleaved that fossils could:-not be obtained.
At the point 679,998 the mudstones are overlain, however, by the basal lime-
stone of the Ludlow Series and a few feet (3') of greywackes before a fault :
lets down higher greywackes.- L ~ N R Chet P

. On Wandale Beck Stages 1 and 2 are exposed overlying grey beds of the
U.Llandovery but upstream of 7115,9980 is a region of no-exposure until_ the .
bridge over the stream at Adamthwaite Farm is reached. .. These beds were -
ascribed to the Zone of C.lundgreni by Watney and Welch but the present writ-
er could obtain no fossils either here or in the poorer exposures west of ' -.
the farm. Some distance along Stonely Gill highly disturbed Ludlow grey--. .
wackes are exposed.. ., Though not seen in. juxtaposition with the Wenlock Series
they are assumed to be faulted against the latter since these greywackes bel-

ong to the Bénnisdale Slates (leintwardinensis incipiens Zone)and not to the

nilssoni Zone as mapped by Watney and Welch.’

The strata between Stockless (695,005) and Bowderdale directly to the
west probably all belong to the nilssoni Zone. They are clearly disturbed
by several faults but within a few feet of one of these fossils were obtainegd

(1We) indicating the nilssoni Zone: M.chimaera salweyi, P.welchi SP. NOV.

To the north a westerly extension of the Gais Gill Fault brings down Bannis-
dale Slates whilst to the south normal passage takes place into Wenlock strata‘
(as on Stockless) or the Bowderdale Fault brings up the ioﬁer beds. Betwéen
the Stockless - Grere Fell region and Greenside Beck of Ravenstonedale & :
considerable amount of fault repetition must occur since the Winder Crit is
not exposed until locality 2Da. Apart from one minor erumple there is no
evidence of folding.

A further region of Ludlow strata is deserving of mention. Watney and
Welch (1911) were the first workers to detect the presence, on Wandale Hill,
of Ludlow roéks. These workers described the fossiliferous localities of
the western slopes and noted a "grit" on the summit. It is also worthy of
note that two localities in. the basal Ludlow limestone occur at 23W (701,984)
and 706,994. The former is a small sheep "scratch" of poorly calcareous
beds yielding trilobite fragments whilst the latter, now almost overgrown,
is of similar rock from which no fossils could be obﬁained. The northerly
locality is the only one in a large area of course grass and it almost cert-

ainly was here that the Survey workers (1889) record a dip to the SE of 65°.,




This is significant in showing the synclinal nature of the beds on Wandale
Hill (whether fault formed or not) and allows the base of the Ludlow Series
to be tentatively sketched in round the hill - for it is not exposed except at
these two localities. Other sections of 1mport in the Ludlow Series have
been described above or are summarized in the text flgs. a,b d,e.. :
| In view of the stratigraphical succession now known, as well as the gen-
eral distribution of the strata and major faults it is clear to the wrlter
that the region would benefit from a study directed prlmarily at the struct—
ural geology. Such a work could be extended to the western half of the How-
€111 Fells where the effect of the Dent Line Hercynlan actlvity 18 less stron—
gly felt, and where, because of this, the full effects of the Caledonlan move—

ments in the region might be deduced. .
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CHAPTER 6

. FACTES TYPES AND DISTRIBUTION

In the discussion following the valuable paper by Watney and Welch. (1911, :
communicafed by Dr.J.E.Mafr) P;ofessor‘T.McKonny Hughe§, a very experienced |
worker on Lower Palaeozoio rocks in the Lake District, said. "... that the .
parts under observation consisted of rocks differing little in detail of lith-
ological character throu~h great thlcknesses, while fossils were scarase and
badly preserved." Watney and Welch bhad contributed to.the elucidation of the
facies types as. had the workers of the Geological Survey a few years earlier |
(Dakyns et. al. 1891), and Marr and Nicholson (1€88). Later work, notably
by Marr (1913, 1925, 19 7A),and Wllson.(l954) ‘has made the succession of rock ‘
typés stil7‘mofe decipheréble.; In the follow1ng paragraohs nine facies are
dlstlnvul hed. | Each has its own dlstlnctlve characters which make 1t easily
recognlzable 1n the fleld and of great assistance to mapping, particularly .
when taken in oonaunction with the vertlcal fa01es dlstributlon pattern. (v. e.g’
text fig. 40) and the faunal succession, It 1s sug gested below that several
of the fac1es evolve with time and refleot dlstlnct and gradually changing en--
v1ronments of dep081t10n.‘A_Proad1y speaking the facies of the Silurian may |
be regarded as the result“of interplay between reducing and oxidizing condit=
‘iohs superimooséd upoﬁ a ﬁode‘of“deposiiion of meohanical detritusrwhioh changJ
ed but slowly. S

1. Con*lomeratcs and Gr1ts‘

An 1nterest1ng feature of the reglon 1s the 1nf1ux at long 1ntervals of
coarse sedlnent into env1ronments of provable qu1et dep031tlon (v p. 95 “)
bThese coarse rocks are cowposed of elther corﬁlomerate and grit which probably :
irepresent a near shore env1ronment (Group A below) or flne grained calcareous
grit theforlvln of which 1s more doubtful (Group B below) .

Groqn__‘ The Ashgill Shales Grlt is an example of the first tvpe. Its varia-
tlons in thickness throubhout the region are dlscuesed above (pp. 9-12 text fig,
2b ) where it 1s 1nterpreted as a submarine dlstrlbotary of a.river draining
a nearby landmass in the south east. The grit thins to the north west where
it is only a few inches in thickness whilst in the south east it is conglomer-

atic and exhlblts current beddln on all scales. Marine fossils such as bryo~

e e i i i . 1 A G e o Gl ot oo
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zoans, brachiopods and trilobites are common. Overlying and underlying the
£rit are fine grained Ashgill ‘Shales mudstenes which suggest quiet conditions
of deposition. The overlying mudstones are almost 40' thick so that the egrit
itself occurs some considerable time before the onset of the Silurian condit-
ions of deposition. . : .
The Winder Grit is not dissimilar to the Ashgill Shales Grit in that it iéé
a highly calcareous fossiliferous deposit. It differs, however, in its lack
of large rounded pebbles and boulders, in the predominance of angular fragments’
particularly of mudstone, and in its considerable areal extent. At the most
northerly outcrop (Greenside Beck, 2Da) it is at least 30' thick and consists
of finer parts as well as conglomeratic strata in which the most conspicuous
fragments are large angular pieces of mudstone. The exact relationship bet-
ween the conglomeratic and gritty portion is not certain. They may be either
interbedded or mixed is a more complicated manner. The whole is calcareous

and fragmentary shelly fossils including Odontovleura hughesi are abundant.

The southerly outcrop on Settlebeck Gill (660,931 ) is rather thinner (about |
20') and whilst it lacks the conglomeratic beds with large mudstone fragments,
it is equally calcareous and contains numeroué shelly fragments. A nearby
exposure on the southern slopes of Winder (654,927) avpears to be, even thinner,
The underlying and overlying rocks are greywackes.

There is, therefore, a decrease in thickness of the bed and a general de-
crease in grain size from north to south. The presence of large angular mud-
stone fragments in the northerly outcrop suggests a source not far removed dbut ‘
there is no indication as to whether this lies to the northwest or the northeas{
Pertaps the most puzzling feature is the occurrence of such a grit in a part of%
the succession that consists entirely of unfossiliferous greywackes. = There,is§
no suggestion, that the greywackes are shallow water deposits and yet the grit |
with its coarse angular grains, high lime and shell content is suggestive of
shallow water. It is possible, however, that the whole bed is derived by
redeposition from further afield and that the mudstone fragments represent dis-%}
rupted finer beds originally interbedded with the coarse beds. ', Supporting .
this to somé extent is the greywacke-like texture of the rock, the presence of
grading, and the lack of large scale current bedding and rounded pebbles which
are found for example in the Ashgill Shales Grit.

Group B: These are fire grained grits on & ruch smaller scale than those of
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Group 4, and the best developed (sedgwicki zone, Spengill) is only 83" thick.
The other four beds are found in the Wenlock Series and range from three-
eighths to one inch in thickness.  Each is highly calcareous and usually
weathers to a rottenstone on its exposed surface although the fresh surfaces
have a distinctive medium grey to greenish grey colour (N5 or N6 to 5GB 5.5/1).
They are composed of angular fragments of quartz, rock fragments, and rather
weathered orthoclase and plagioclase. One of the thicker beds (1") is graded
from coarse grit at the base to fine grit at the top. The three-eighths of

an inch grit occurring in the riccartonensis-Zone is extremely persistent and

is constant in its thickness. Thus it is found in the northernmost point
where these beds crop out (Wandale Beck, SSE of Adamthwaite Farm 711,997 )and

as far south as Hebblethwaite Hall Gill (691,932 ) over four miles away. Its
base often shows small scale load moulds. It must be stréssea that these

five beds occur in a total of well over 1000' of fine gréingd mudstone and,
that like the Winder Grit, they are quite atypical.,:xCIearly;theyrrepresent
rare influxes of coarse material from a distant source into. a quiet‘environment
of deposition, a fact which is supported by jhg‘weathered nature of the con-

stituent grains.

2. Ashgzill Shales Mudstone Facies

The Ashgill Shales sometimes known as the Pen011 Slates on account of’
their characteristic cleavage, constitute one of the most distinctive litholog-
ies of the region. They overlie the alternating mudstone and nodular lime=-
stone facies of the lower beds of the Ordovician and inmediately underlie the
basal limestone and the graptolitic mudstone of the Silurian. . The facies,
however, occurs in a modified form at a higher level, particularly in the
Middle Llandovery where it alternates with graptolitic mudstones. The "typi-
cal" Ashgill Shales are described first.

These consist of fine grained medium dark grey mudstone (N4) ﬁith raré
calcareous nodules and occasional calcareous beds. The fauna is sparse ex-

cept in the calcareous beds and consists of brachiopods, bryozoans (e.g. Phrllc

porina hisingeri), trilobites ( e.g. Dalmanitina mucronata) and, less commonly,

crinoids. None of the fossils are dwarfed and some of the brachiopods and
trilobites reach a large size. Towards the top of this divieion, as the Ash-
gill Shales Crit is approached, the grain size increases locally to give thin

silty lenses (v. text fig. 2a).  These are also found above the grit, papt
artie-
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ularly in the lowest few feet of the 40' division.
In the Llandovery Series a very similar rock type is found firstly in the

trianpulatus Zone. The fine grain size and complete lack of siltstone lenses

links this type with that of the lower Ashgill Shales. Calcareous nodule beds
occur and it is in these that the fossils are found. Again the fauna consists
of brachiopods and trilobites but'other fossils are less common. The non-
calcareous fractions of the facies contain only rare fossils and in some ‘inst-
ances at least these prove to be dwarfed forms. It is certain that these beds
which alternate with graptolitic mudstones, are essentially the same facies as
the Ashgill Shales. They differ in being finer grained, in having a high
proportion of iron carbonate compared with calcium carbonate, in their blocky
cleavage as opposed to "pencil" cleavage, and in being slightly darker in col-
our. (dark grey, N3, to medium dark grey N4). ~ Wilson (1954) considers that the
iron carbonate was precipitated directly (cf. Marr 1925) and it would certainly
be difficﬁlt to envisage Marr's process of replacement in view of the fact that
primary limestones exist within the iron carbonate-rich mudstones. )

The facﬁes ig last seen in the Zone of M.sedewicki where occasional thin

beds with calcareous nodulzs occur. The nodules yielded shelly fossils to the

i

Survey workers (e.g. Phacops elegans, Cheirurus bimucronatus, Illaenus bowmanni -

Leptaena quinguecostata, Favosites sp. , Lindstroemia sp.). 'In this zone the

beds alternate not only with graptolitic mudstone but with the first of .the

fine grained, unfossiliferous mudstones (described below) and with thin calcar-

eous grits of Group B (described sbove).

The conditions of deposition of these beds are difficult to envisage.
MaryA(l925)‘examined them in some detail (terming them "blue muds" since, al-
though grey, they have a faint bluish hue) and concluded that the sparse hen-

thonic fauna existed with some difficulty under semi-toxic conditions.  He

pointed out (op. cit. p.127) that the pyrite content of these rocks is far less

than in the dark graptolitic mudstone and that free carbon is absent. A car-
bon analysis carried out for the present writer on a sample from Spengill (Ezi:
anrmulatus Zone) showed 0'270/0 of free carbon which compares favourably with '
the figure of 0-340/0 obtained for the Ashgill Shales of Spengill and strongly
contrasts with the much higher value (up to 3:68°/¢ ) obtained for the dark
graptolitic mudstone (see also text fig. 6a) with which these beds alternate.

It is clear that the change from one facies to the other, whilst occurring
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quite suddenly, must take place without disrupting the environment of mechan-
ical deposition, since the grain size remains unaltered and the two facies are
often welded together in a manner which in itself'suggests contihuousfdeéosit—
ion of the mechanical detritus across the change. Wilson (1954) reaches the
important conclusion that the graptolites and carbonaceous colouring matter:
arrived at the sea bed from a source independent of that sunplyiﬁ@ the mechan-
ical detritus. Thus in the Browgill Beds which he examined he proved, in r
effect, that if the succession of mudstone at A is twice as thick as at B, iher
a contained thin band of graptolitic mudstone which can be traced from A tofB
will also be twice as thick at A as at B. From these facts, it is tempting

to conclude that the graptolite rhabdosomes and free carbon arrived at the sea
bed by sinking from an algal-graptolite association at the surface which per-
iodically drifted into an environment of quiet deposition. The bottom con%
ditions would become anaerobic and the beuthonic fauna, already struggling for %
existence, would migrate or be killed off. }This picture agrees with the alter—
nation of facies and associated faunas and is basically the same conclusion: |
arrived at by Marr (op. cit. ). It does not explaln, however, why the ASh“lll
Shale Mudstone Facies dies out in the sedpw1ck1 Zone and is replaced by theé
fine grained, unfossiliferous mudstone which, in the U. Llandovery, alternateu
with the graptolitic nudstone.“: This fact is indicative of a chang g2y perhaps

a chemical change as suggested by Marr, in the depositional envnronment. IE

is at least clear that in Upper Llandovery times before the onset,of red mud-
stone deposition, the sea was ﬁnconducive to life even when the graptolitici
mudstone was not being deposited. et '

3. Fine Grained Unfossiliferous Mudstone . co-

This facies is the predominent rock type between the Zones of M.sedswicki
and M.criestonensis (sensu Wilson 1954) and 1s equlvalent to the "Green Beds"
of Marr (1925). The latter author revarded them (pp.114,116) as the fine
grained equivalents of the "grauwacke-grits" typical of many Lower Palaeozoic

rocks, and"the normal deposits of the period in this area, ov 1ng thelr charac-

ters solely to the nature of the mechanical detrltus which forms them...."(
According to Marr they differ from the dark graptolltlc shales only in the ab-
sence of graptolites, free carbon, and prlmary iron sulphide. This paucity
of free carbon is confirmed by an analysis carried out for the present writer

which showed only 0:14 °/o compared to as much as 3-680/0 in the graptolitic
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mudstones. The-lack of graptolites, and indeed all fossils, can be confirmed
in the field and the small amount of pyrites can te deduced both from the hand
specimen and from thin sections. The rock is composed essentially of a fine
grained aggregate of quartz, altered felspar, and micaceous material together
with considerable gquantities of clay grade chloritic matter.

Marr (1925 p.130) records that benthonic organisms are "very rare in the
green (rude)" and on p.127 writes that these coneist of a few minute brachio-
recds. - The present writer has been unable to find any fossils in the beds
under discussion and neither Dakyns et al. (1891) nor Wilson (1¢54) record any
from the Cautley district. A few small brachiopods have been obtained, how-
ever, . from a 5" light olive grey band (5Y5/2)from Watley Cill (7Wa) which'
occurs below the convolutus Zone associated with mudstones of the AshgilIIShale

type (=:Marr's blue beds), and yielding Phacops glaber.  Since Marr records

his green ruds from the Skelgill Beds it seems likely that it was from: these
beds Jjust below the convolutus Zone that he obtained the brachiopods.  The
light olive grey mudstones are distinct from the above-described beds and more-
over are not common. .They differ in being softer, and nore 'closely resemble
the'ashes studied by Wilson (1954) than the fine grained, unfossiliferous mud-
stones.: - st

- Marr used the term "green beds" and whilst when weathered the fine grain-
ed barren mudstones do have a distinct green or olive green tinge, it is int-
eresting to note that fresh surfaces are usually various shades of grey (e.g.
medium'grey,1N5) although the faintest of green hues is sometimes discernible.

The most puzzling feature of this facies is its barren nature and in this

respect at least it resembles the greywacke facies described below.  Indeed,
as has already been pointed out, Narr regarded it as a fine grained variety of
the latter and some modern workers consider it to be a lateral equivalent of
coarse greywacke.: The same author (1925, p.128) concluded that iron was pres-
ent in the sea water as'a hydrate but that "... as the conditions were not then
- favourable for its conversion into sulphide as in the case of the dark grap-
tolitic muds,;hor for its subsegquent replacement in calcium carbonate by meta-
somatic actioi as in that of the blue beds, it remained in solution." Whether
this'explanation is correct or not the fact remains that the facies is barren

of fossils.- Perhaps an important point is that it differs from the Ashgill

Shale Mudstone Facies mainly in the absence of iron and calcium carbonates.
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The possibility that the fine grained barren mudstones may be the lateral

R R T T S S e,

equivalent of coarse greywackes 1is feasible since they differ mineralogically
in having a lac¢k of rock fragments, less felspar (which is more highly altered,

and a higher proportion of clay-grade chloritic matter as a groundmass.

4. The Red and Grey Mudstone Facies

These ‘facies occur between the griestonensis Zone (sensu Wilson, 1954) ang;

the Wenlock Series and must be approximately equivalent to the crenulata Zone. ;
The "red" mudstones are greyish red (10R4/2) in colour and are interbedded in
places with greenish grey mudstones (5G6/1). Both are of similar grain size
and differ only in their colour. - Above the "red" mudstone facies are the
grey mudstones (5GY5/1) discovered by Wilson (1954) and studied in detail by
him. < s c . e :

- Both Marr and Wilson (op. cit.) mentioned that a small:-beuthonic fauna
had been dbtained from: the "red" nudstones and the present writer has obtained
phacopid thoracic segments from beds slightly more calcareous than usual.
Specimens of Phacops s.s. from-the "red" mudstones of Spengill'ére deposited
in the Sedgwick Museum, Cambridge.' From the grey mudstone facies Wilson fou-
nd trilobite fragments and it is from these beds that the writer has obtained -
the ostracod Kloedinella sp. - Therefore, although fossils are rare, the rocks:
are not barreniand none of the specimens are dwarfed. - The carbon content of
the rock is low (0:11%6 ). The problems concerned with the deposition of
these facies are discussed by Wilson and are not further debated here. - He -
has shown that'the "red" mudstones are not continuous ’throughout the Cautley
area and that upon the axis where no deposition takes place the beds show no-
8igns of‘oxidation; whereas away from this ‘axis the conclusion seems inescap-
able that they were deposited under oxidizing conditions whichiresulted'in the
presence of red iron oxides.

The greyish red mudstones need never be confused with the red staining
caused by proximity £6 the basal Carboniferous conglomerate.  In these inst-
. ances the secondary staininz can always be proved as for example by the pres-
eﬂce'of‘LeiSefgahg's‘Rings seen at Rake Wood ( 685,935 ). 'Other cases show a |
more uniform staining (e.g. the Ludlow Series on Stockless Gill and Harter

Fell) but by breaking cleavage blocke to the core the original colour can be

seen. Wétney andvWelchﬁ(i911)'undoubtedly fell into error here since their 3

"red flags and grits" (p.217 et seq.) can easily bé demonstrated in the field



to be the result of secondary staining.
5. Limestones _

At many horizons the beds are slightly calcareous but only occasionally
is the concentration of lime sufficiently great to warrant the name limestone.]
Three types can be distinguished: |
a) thin, relatively pure unfossiliferous limestone

b)  thick shelly limestones

‘¢) highly calcareous graptolitic mudstones. ;

.Since the last of these types c) is essentially part of the graptolitic l
facies it is considered under that heading. A single limestone of the first
type occurs in the Zone of M.sedgwicki (see text fig.2il). It is 12" thick;
massive, light grey to very light grey in colour (N7°5) and weathers with a
ritted surface. No fossils have been obtained up to the present. ' The most
important limestones are those of the second group which is represented by
the basal Silurian limestone and the basal Ludlow limestone.

It has been shown (pp.12-14 ) that the basal Silurian beds are rather
variable in thickness and conposition but that generally they.thicken to the
south. Limegtone is a major component and is closely associated with a hard,
pale coloured, non-calcareous mudsione. (see text fig.2e).: The beds areAunderuﬁ
lain by Ashgill Shales and overlain by black graptolitic mudstones of the

A. accuminatus Zone. Shelly fossils including brachiopods, trilobites and

crinoids are abundant in the limestone but none are preserved.complete. . The
~foséils seem to occur in pockets or lenses in which the fragmentary organic
remains are crowded together. . This suggests rather turbulent conditions of
“deposition in which the shells were washed into, and held, in hollows upon

the sea bed. | Tome parts of. the limestone show banding very similar to that
of the Ash:ill Shales mudstones and these are usually less calcareous and lessj

“fossiliferous than the lenses mentioned above.  On fresh surfaces the fossil-]

iferous lenses show only faint traces of the, contained shells and the absence
of banding can be demonstrated.: . The occur£ence of a hard non-calcareous mud-
stone in such intimate association with the limestone is a puzzling feature. |
It is possible that decalcification of some of the muds took placs at an ear- 1
ly stage and thét the lime>tended to become reconcentrated around the lenses

of fossil fragments. This is strongly suggested by similar calcareous beds

which occur 2'3" above the Ashgill Shales Grit on Spengill (see text fig. 2a) ;

i
ot
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In this case two bedding planes separated by 6" of sediment are crowded with
brachiopods, trilobites and crinoids. For a -thickness of five- eighths of an
inch on either side of the lower of these bedding planes, and,l%" on either
side of the upper, the mudstone, in which the typical banding is clearly dis-
cernible, is highly calcareous and much harder than the surrounding uncalcified
mudstone. . The calcareous nodules described below (p. 99) are probably of -

similar origin since they often surround, for example, an orthocone cephalopod

shell, or a coral growth.

"% The bipartite basal .Ludlow Limestone ‘is similar in many ways to the basaly
Silurian limestoné; - Thus :the fossils are also;preserved in lenses as aggre-
gates of dissociated fragments. Proetid cranidia, for example, are common -

~but complete cephala have not been found. - Lateral equivalents of the lime=-
stone (which is medium grey, N4.5, in colour with a faint bluish hue) may be
non-calcareous. or only poorly calcareous but-equally pyritous, and with only
occasional fossil fragments. - All the strata above, separating, -and below the
Bipartite'limestone are of graptolitic mudstone. - Those beds below the lime~
stone have calcareous nodules and in places yield gastropods, brachiopods,
trilobites and cephalopods.

In view of the similarities between the basal Silurian limestone and the
basal Ludiow limestone a similar mode of origin . is suggested. : The presence ini
each case of numerous shelly fossils suggests conditions more amenable to beu-
thonic life..  Both limestones and associated non-calcareous mudstones are
highly pyritous but none of this seems to be primary and it usually occurs as
small cubes or large nodules. It is possible that both limestone beds would
act as repositories for secondary deposition of pyrite. - . : _ i

- Watney and Welch (1911,p.223) described this basal Ludlow limestone as
"yellow and sandy when fresh'". In fact it is medium grey with a bluish tlnge.:
It seems certain that those authoresses have taken the "intermediate" rotten-
stone to be the fresh rock. This of course is virtually non-calcareous and. ‘
quite hard in contradistinction to the final rottenstone which is very much -
softer and ginger in colour. -

6. Graptolitic Mudstone Facies

From the stratigraphic and palaeontological point of view this facies con~ |
stitutes the most important rock type. - In the L.Llandovery and Wenlock Seriesii

it is also the predominent rock type but in the M. and U. Llandovery and Ludlow:
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Series it occurs as relatively thin bands in a generally unfossiliferous succ-
ession. The first bed of graptolitic mudstone follows immediately above the
basal beds of the Silurian and is equivalent to the A. .acuminatus Zone (identi-
fied by Wilson 1954) whilst the last beds occur in the leintwardirensis Zone

(as seen in the Howgill Fells).

This facies occurs cver a long range in .time and throughout it is com-
posed of clay to silt grade angular fragments of quartiz, altered felspars,
mica, iron minerals, carbonaceous material and a considerable guantity of fine
grained chloritic matrizx. The beds are calcareous in places. The texture
is reminiscent of the greywackes (v. text fig. 6c) but the grain size less and
the amount of weathered and clay grade material greater. Sedimentary ctruct-
ures such as current bedding, ripple drift lamination, convolute bedding etc.
are absent although in thin section some small scale graded bedding has been
observed in which each graded unit occupies .only a few millimetres Super-
imposed upon this typical mudstone is a characteristic and prominent banding
caused by the occurrence parallel to the bedding plane of carbonaceous matter
and primary ferruginous material usually consisting of pyrite. For the sake
of brevity the banding is referred to below as "carbonaceous banding."

No preference for association of the carbonaceous banding with any part-
icular grain size has been observed and Wilson's work (v. p. 89 ) suggests
that the carbonaceous matter came from a source independant of that of the
mechanical detritus. This accords with -the widely held opinion that the grap-

tolites and the carbonaceous matter’ (renresentlng decayed alpae) sank from the

upper layers of the ocean where they lived in Symblotlc ass001atlon. The j
banding, clear in the hand specimen, is much less dlétlnct in thin section
where the "bands" can be seen to consist of numerous very thin layers of opa- ,
que matter. 'In the hand specimen some bands are thicker and darker than oth- |
ers and these occur at fairly regular intervals. This is particularly true
of the higher Wenlock and Ludlow beds but less true of lower horizons. The
"bands" do not "cross cut'" each other but have the appearance in thin section
of lenses of opague material wrapping round the coarser mineral grains (v. text(
fig. 6b no. 7). Consequently they cannot be counted with any pretence of J

claimed (Marr, 1927 & Cone 1951 this is impossible to prove. The darker

bands may, in fact, represent one of several thingss~




- TEXT FIG. 6b1

'Dark graptolltlc muds tone from Lower Llandovery.

Sbe

. . TEXT FIG. 6b2 r»': r‘,;j(‘_LVn
: Graptolltic mudstone from thln bed in Upper Llan- o

dovery.

TEXT FIG. 6b3

" Red mudstone from Upper Llandovery, "' ' .U7""

:f; TEXT FIG.’ 6b4 :

Graptolitic mudstone, Wenlock Stage 1, °Ver1ain L

by non-graptolltlc mudstone."

| TEXT FIG. 6b5’& 66
Respectively graptolitic mudstone from Stage 1 =~

and worm tubed graptolitic mudstone from same

horizon. e

TEXT FIG. 6b7

- Graptolltlc mudstone from the Ludlow Serles, sec—(.gﬂ“f;

a ond graptolite band.

: TEXT FIG. 6b8’ ﬂ,g wn+,w';;y,;nw<‘.

Sllde of the Banded Unit Facles from beds yleld-

1ng 0. hughe51.

oVl fige x 71
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a) pveriods when death of algal material reached a peak - possibly an annual
feature.

b) periods when more algae than usual covered the area in question - not nec-
essarily an annual feature

¢) periods when decay of algae took place at a different rate than usual -
possibly an anrual feature but not necessarily synonymous with a) above

d) periods when the deposition of the mechanical detritus was retarded, but

when deposition of carbonaceous material took place continuously.

If the last possibility was the case one would expect to find concentra-

¢

tions of carbonaceous matter at the top of each, or some, of the minute graded |
’ i
|

units described above. ‘This has not been established and suggests that the
last possibility is not operative. - The writer feels that any one or all of
the first three may be factors and that any annual feature of one might be
obliterated by the operation of either of the other two factors. He envisag-
€s an almost continuous "rain" of carbonaceous natter with concentrations at B
particular levels as a result of any of a number of controlling factors.

Conditions of deposition of the oraptolitic mudstone:s The almost exclusive

occurrence of fine grained muds from the base of the Silurian to the top of ‘f
the Wenlock Series in itself suggests guiet conditions in the basin of depositd
ion. The succession of over 1000' of such sediment must have been built up
by almost continuous influx of fine muddy material and the presence of small

scale graded bedding, as well as the general texture, suggests that this might!

have been achieved by the means of low density turbidity currents. These
might be connected laterally with high density deposition of coarse greywackes?
such as those found in North Wales (e.g. the Denbigh Grits). These have been%
shown to flow from south to north in Wenlock times ( Cummins 1957 , map p-435)é
Independant evidence exists concerning the calm conditions of deposition.
Text fig.6d shows an orthocone cephalopod shell embedded in graptolitic mud-
stone. It depresses the carbonaceous banding along about 15 mms of its 1en&-i
th whilst abowe this the bands pass almost unaltered around the shell.  The
Specimen illustrates the following points:-
a) that the topmost 15 mms of the mud must have been quite soft to allow the
benetration of the point of a relatively buoyant cephalopod shell, (not

allowing for diagenetic compression which would reduce the depression of
the laminae)
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TEXT FIG. 6dA

Layers of primary pyrite showing slumping prior

to deposition of later layers.

TEXT FIG., 6dB

Orthocone cephalopod seen depressing the banding
of the graptolitic mudstone in which it is em-

bedded. Full explanation in text p.95.



TEXT FIG. 6d
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b) that condltlons of dep051t10n subsecuent to the penetratlon nust have been‘

quiet otherw1se the shell would have been uorooted from its precarlous
nosltlon (burrowing organlsms ‘also might have achelved thls end)

c) the banding is a prlmary depos1t10na1 feature.

Some workers have dlscussed the poss1b111ty that the carbonaceous bandnn"ﬁ

might bs the result of ornanlsms (e.u. worms) reworking the surface layers of
the mud and that the lenses of coarse materlal surrounded by carbonaceous

fllms might be compressed faecal pellets. , A crltlcal borlzon for the dis-

cussion of this 1dea is at the base Of the Wenlock Series Where the nraotollt~f

ic mudstone reappears after 1ts absence durlnc the Zone of M.crenulata. It
alternates at first with thin bands of non—carbonaceous mudstone whose detri-
tal components are similar to those of the grantolltlc mudstone. The ncn-
carbonaoeous mudstone has a benthonlc iauna of brachlopods and trllobltes and.
in this respect resembles the underlylng grey beds in which Wilson (19R4) ob~
tained trilobite fracnents. Graptolltes appear almost 1mmed1ate1y 1n the
banded mudstone but in some cases the carbonaceous bandln* can be seen to be
obllterated by worm tubes. It is clear then that where bottom wor}in~ organ-
isms can exist they obliterate, not cause, the oraptolwtlc bandin " Indeed
much of the non—carbonaceous mudstone at this horizon is the result of des--
truction and complete reworking of original graptolltlc mudstone to form a

homogeneous mass It is also anrarent that at these tlmes condltlons were’

not entirely adverse to benthonlc life as ev1denced by the dlmlnutlve brachlop-

ods and trilobites. However, that anaerobic conditions eventually took over

is illustrated by the disappearance of non-carbonaceous mudstone and its assoc-

iated benthos and its eventual, almost total replacement; by conditions in

which graptolite‘rhabdosomes were infilled with pyrite and preserved‘in'full

relief. These conditions continuedAuntil the onSet of the C.murchisoni Zone.

Evolution of the Graptolitic Mudstone Facies: Tt will have become apparent

from the above discussion that this facies is remarkably lonm ranving and of
"tinctive character. It has been observed, however, that gradual changes

take place from the lowest beds to the hlghest beds.‘ The most obvious of

these is a gradual increase in the eraln size of the mechanical detritus (see

text flo-5b 1,2,4,5,7,8). Thus fig.1l is a sllde of black mudstone from the
L.Llandovery.

There is a very sllght increase in graln size in the graptolit-
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ic mudstone of the U. Llandovery (fi 2) followed by a further 1ncrea°e in the
Wenlock Serles (flgs.4 5) Throu*hout the kenlock Series the increase 1s
‘gradual until the rather coar°e mudgtone of the Ludlow Series mrabtollte bands
is reached (fl” 7) At this 1ﬁtter horizon the mudstone is not continuously -
banoed and small lenses and thin bands of s11t grade material begin to aprear
separétiﬁ~ the more typical banded mudstone. V These 1ncrea@e in number up 1
éthe Ludlow succe351mn until ultlmately the carbonaoeous banded mudstone 1s‘\
restrlcted to thln beds of ﬂ" to 1" in thlckness in much greater thlcknes Ses
of s11t and unbanded mud. it is con81dered that thls last facies is ouf‘f‘lc—
1ent1y dlstlnct and so eas11y recovnlzable in tne fleld, to warrant further
descﬁlptlon. (see below under Banded Unit Fa01es) B
A Coupled w1th the increase in grain size there 1s a concomltant dec*ease
in the percentave weight of free carbon (see text fl g 6a ) Analees of
four samples of dark caroonaceous muds tones from the L Llanaovery cave the
following percentage Welghts. 1+ 280/0, 2:77%/ 03 39620/0 5 368 0/0 . A
single analysis in one of the U. Llandovery (cr1§23§ Zone) thin graptolitic. b
muds tones shows a rather 1ow figure of O- 810/0 but examination of the TOCk‘ln‘
this section shows that pyrlte is as much a cause of the distinct banding as
the carbonaceous matter. This is true of many of the very thin grantolltlc >
mudstones of the U LiandoverJ Zones. In the ‘lower Wenlock beds (murchisoni :

Zone) a flvure of 1- 550/0 has been obtalned but thereafter a rapid decreane‘

of carbon takes place with the increasing grain size: O 30 0/0 (Zone of C
rigidus mut.); 0°47°/, (Zone C. lundsoreni); O O9°/ (2nd rraotolltlc band in |
Ludlow); 0489/, (Zone M. 1e1ntward1nens18) Examination of the slide of the

second Ludlow graptolite beds shows that the bands here, as in the case of the

U. Llandovery, contaln as much ferru01nous matter as carbonaceous material and

EY

it is the comolnatlon of the two which gives the roo& the dlstlnctlve banded

aPDearance. It.is interesting to note that the ferruglnous matter consists of

e i et b e e e D

haematite and magnetite and that pyrite is rare.  This point will be consid- ¢
ered further later. (4 value of Qe 40/o mlrht be taken as about average for .
the hlpher Venlock and Ludlow.)

An important change in the conditions of depooltlon of the graptolltlc

mUdStones takes place with the onset of the C.murchisoni Zone. Prior to this,

from the base of the Silurian upwards the graptolitic mudstones had been dep-

osited in Vhat was clearly an anaerobic environment devoid of benthonic life
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and preserving only those planktonic or pseudoplanktonic forms which sank into
it. Graptolites, orthocone cephalopods, and phyllocarid crustaceans come in--
to this category. The graptolites are often preserved in relief after being
infilled with pyrites.

In the murchisoni Zone and above the graptolite rhabdoipmes are preserved
as flattened films in the rock (exceptions are describediggo€gfp. 99 ) and ;
coincident with this change is the incoming of calcareous material. Some of
this is resolved into bands (e.g. the 4" limestone, v.p. 33and text fig. 3¢ )
and some into calcareous nodules. The lime content of the rock continues to
increase throughout the Wenlock Series. Small nodules are fairly common in

the Zones of murchisoni, riccartonensis and antennulatus (Stage 2) whilst in

Stage 3 the nodules are larger and thicker limestones may occur (e.g. the 2'

limestone in the Zone of C.risidus mut.). Nodules several feet across are

found in Stage 4 in addition to very numerous small nodules, and the bacal
Ludlow limestone represents the culmination of the increase in lime. At this
horizon conditions were very favourable to benthonic life and a large shelly s
fauna is found. Shelly fossils, however, first make their appearance at the
same time as the calcareous material. Thus a crinoid bed with the fossils

in the place of growth has been found in the murchisoni Zone and identical @

beds occur in the riccartonensis and Jundoreni Zones. A bed of small brachio-

pods occurs in the riccartonensis Zone and small colonies of Favosites SD. are -

not uncommon in the calcareous nodules of the lundgreni Zone. Gastropods,
brachionods, orthocone cephalopods, and trilobites are found a few feet below
the basal Ludlow limestone.

The graptolitic mudstone facies in the Ludlow Series contains shelly
fossils far more commonly than the Brathay Flags. Crinoids, phacopid trilo-
bites, lamellibranchs, brachiopods, cephalopods, and rare corals have all been !
obtained. The beds are often slightly calcareous but the lime is disseminat-§
ed and only occasionally concentrated in nodules. |

The paucity of primary pyrite above the murchisoni Zone, taken in conjunc-
tion with the factors just discussed indicates that conditions gradually be-
came less deleterious to benthonic life. The final stage.may be reached in
the Kirby Moor Flags where the banthos is well established and graptolites app-
arently absent.

It has been pointed out that the critical point-is the change in botton



99

conditions in the murchisoni Zone where increase in grain size, appearance of
lime, decrease in primary pyrite, and appearance of shelly fossils are approx-

imately coincident. Shortly after this (in the riccartonensis Zone) is the

first evidence of sironger current activity. Thus in the lower beds orienta-

tion of graptolite rhatdosomes is not common whereas in the ricecartonensis

Zone and above this feature occurs sufficiently often to allow the recognition
of a current running in an BE-W direction though the source is not indicated.
The thin calcareous grits (described above p. 86) are also a probable result
of increased activity of bottom currents.

Origin of the calcareous nodules: The calcareous nodules contain gfaptolites

preserved in full relief in contrast to the immediately adjacent mudstone in
which the rhabdosomes are flattened. It is clear from this that deposition
of the lime must have occurred almost contemporaneously with deposition since |
only a small thickness of sediment would be required to flatten the delicate
polyparies. . The common presence of shell fragments within the nodules supg-
ests that precipitation of lime took place around them and not at random points
upon the sea floor. The fact that the nodules invariably depress the bands
below them yet at the same time have bands passing through them proves that-
deposition of the lime took place after the deposition of the surface layers of
mud but before any diagenetic compaction  of the sediment. It also proves
beyond all doubt that the nodules are not late secondary features. Similar
nodules have been described by Whitaker (1962).

Banded Unit Facies

This name is used to describe generally fine grained rocls (mud to silt

grade) which in the field, and particularly in large exposures, have a charact-i
eristically banded appearance and an obvious fine grain as indicated by the ‘
closely spaced cleavage. In some cascs the Trock is so cleaved as to approxi-
mate to the term "slate". ' ‘
The facies evolves during the U.Silurian from the graptolitic mudstone by {
the expansion of the thin lamellae of mud or silt which separate the carbon-
aceous banding in the lower beds of the Ludlow Series. Every gradation can
be seen between the two facies but the typical Banded Unit, which characterizes

the leintwardinensis Zone, contains only verj thin (often only 4" to 1") beds

of graptolitic mudstone set amid a muddy or silty mass of much nreater thlck-

ness.  In the higher beds the thin beds of graptolitic mudstone dlscappeur
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Apart from the graptolitic mudstone the Banded Units (from tens to hundr-
eds of feet thick) consist of a medium dark grey mudstone (N4 with a bluish
hue), thin calcareous nodule beds, thin beds of often calcareous ripple drift
bedding, and occasional beds of lighter or darker coloured, more homogeneous
nudstone than the medium dark grey mudstone. The first mentioned is the
predominant rock type but is only rarely more than a foot or two in thickness
without several of the other rock types being present. It is clear from both
the hand specimens and thin section that the medium dark grey mud is reworked
by worms and faint tubes and contortions can often be seen It is possible
that much of the graptolitic mudstone in this facies is destroyed by worms and
text fig.6bb is a section cut at right angles to the bedding plane showing
some graptolitic mudstone in the process of being contorted and obliterated.

It is also likely that some of the homogeneous mydstones of lighter and darker
hue represent a stage of complete destruction of the original banding. This
conceptiom of gradual destruction of originél carbonaceous banding by the act-
ivity of worms is in agreement with the work of Moore and Scruton ( 1957 ) who
showed that all intermediate stages existed between completely undisturbed
banding and complete homogeneity.  The same process has been alluded to lower
down the Wenlock Series (p.96 ). - :

An interesting feature is that the Banded Unit medium dark grey mudstone
has a free carbon percentage of 0°25 (v. text fig. fa ) whilst the value of the
associated graptolitic mudstone is O-48°/o . On destruction of the carbonac- :
eous banding there is, therefore, a probable loss of carbon though whether or

not the worms themselves contribute carbon upon their death and decay is not

i
j

known. This mudstone, in contrast to the graptolitic mudstone, has a rich
fauna of lamellibranchs (Pterinea sp.) and trilobites (Odontopleura hughesi)
with the former often crowded in their hundreds on the bedding planes. That
these organisms: would also help to rework the sediments and to destroy any or-

iginal features is clear.

Although typical of the Bannisdale Slates (particularly the Zone of M.

leintwardinensis) it is important to realize that the facies first appears low .
down in the nilssoni-scanicus Zone (see test fig.4c ) and that thick units

occur before: the Bannisdale Slates. These lower units have rather thicker

beds of graptolitic mudstones from which it is necessary to obtain graptolites

Yo determine the approximate age. The shelly fossils are of little help at
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present since both the lamellibranchs and trilobites seem to be long ranging.

Odontovleura huchesi for example appears in one of the early, thick Banded

Units and is still found apparently unchanged in the Bannisdale Slates.

8. The Greywacke Facies

Examination of text fig. 4c shows that the greywacke facies is dominant

in the nilssoni-scanicus Zone but that it is not entirely replaced by the

Banded Unit Facies until the leintwardinensis Zone is reached. tside the

area it recurs in higher strata but these beds have not been examined in any
detail. Each greywacke unit, usually bounded by graptolitic mudstone or
Banded Units, is from about 50' to 250' thick with the thinner units usually
lower in the succession. Individual beds vary from a few inches to ten feet
in thickness but are usually of the order of 14-3} feet and may be either
¢raded or ungraded. Graded beds are usually detectable in the first instance
by the cleavage which is closély spaced and inclined to the bedding at a low
angle in the fine grained top of a bed and more widely spaced, and at a high
angle, in the coarse grained lower part of the bed. Either graded or ungrad-
ed beds may have sole markings if they follow a fine mudstone but when ungrad-
ed bed follows ungraded bed Sole marks are not developed.

A minor greywacke development is of a rather more thinly bedded facies
vhich often tops a whole unit for ten or twenty feet. No ﬁholly satisfactory
explanation can be offered for this type but it does seem to show current bed-
ding rather nore commonly than the thicker greywackes which only show current
bedded tops occasionally. Sometimes, but not always, such a facies is follow-
ed by a graptolitic mudstone or a Banded Unit and in these cases at least may |
represent lower density turbidity currents heralding a temporary change in
depositional environment. At no horizons have indicators of shallow w?ter)
deposition been found and the writer agrees with the suggestion by NormanZ}hat
deposition took place well below the wave base level. '

The modal analyses (test figs. 6e,f ) show that the facies falls with-
in the usual concept of a greywacke whilst the slide (v. text fig. 6c ) illus-
trates the typical texture of one of the coarser beds. The grain size never :
rises atove "sandstone" grade and the term "grit" cannot be applied (except in
the cases described above pp. 85 - 87 ) , whilst to the south of the Howgill
Fells the grain size of the lower greywackes seems to be even less. A thor-

ough mineralogical study has not been undertaken.
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R TEXT FIG. 60l . .

- Sligde of base of thin calcareous gri‘t‘ from the
" sedgwicki Zone ;;Qf Spengill. UnpolaAri‘z‘ed 1iéi_}t.:
Rounded grains may be cohtrasted with those of
‘tyﬁical greywééke; TEXT FIG. 602 of Ludldw*ége
(locality Bowderdale Beck, Upper Coniston Grits)
Both X I%
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The facies types recognized and the geaeral results given by palaeocurrent
indicators agree with results obtained by other workers in the Lake District.
Llewellyn*(1960) working in the Shap area observed a predominant NW sourcs for
the palaeocurrents whilst Normaﬁ*(1961) obtained both a NW and a NE sourca.

The former worker does not seem to have obtained a NE current source and the
present writer has detected currents from this direction ohly in one instance,
It would seem likely then that throughout the Lake District outcrop a NW curr-
ent source is the dominant one. In the case of such a current supplying sed-
iment it might be expected that the beds thin from NW to SE. KNorman observ-
ed this, and facies changes, in his own area and his succession prior to the
Bannisdale Slates of almost 6000' (base not seen) is considerably thicker than
the succession in the eastern part of the Howgill Fells (less than 3000'). If
the Lake District outcrop represents a single basin of deposition of the Lud-
low g¢reywackes then one of the suggestions made by Norman that the basin might
be a broad and relatively flat-bottomed trough seems to agree best with the .
known distribution of currents. When more is known of the palaeocurrents of
other parts of the Lake District and more detail available on the»thickness of §
sediments in these regions then a more accurate picture will be obtained of
the form of the basin. The rather more variable current directions in the
lower part of the succession in the Howzill Fells, namely SW and NE, prior to
the establishment of a dominant NW current may simply reflect the relative in-
stability as the, basin became established.

Conclusions o e ,

la. It is considered that Marr's "blue.beds" are basically of‘the sﬁme facies
as the Ashgill. Shales mudstones but that iron carbonate has been precipltated
more often than calcium calbonate. The bottom condltlons were rather less

tolerant of benthoric life, whilst still supporting it either in more lime-

rich times or>in a stunted forn. The facies is replaced in the sedgwicki
Zone by the fine grained barren mudstone facies. . : { ) 4
b. The fine grained barren mudstone facies typical of the U.Llandovery may

be the lateral equivalent of a coarse greywacke facies and could be deposited
by low density turbidity currents.

c. The red and grey mudstones represent a return to more oxldlzlrg oondlt—
ions and contain a small benthonic fauna. They are replaced in the lowest

Wenlock beds by the establishment once again of anaerobic conditions.
* Ph.D. thesis, Cambridge University.
“¥ Ph,D, thesis, Birmingham University.

» %
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d. The limestone facies are thought to fit clearly into the pattern of alt-
ernating reducing and oxidizing conditions and that the major basal limestones
each represent a local acme of oxidiéing~conditions when the benthos thrived
in force.

€. The CGraptolitic Mudstone Facies shows a grédual change during the Siluri-
an to bottom conditions more amenatle to bottom living orgzanisms. It is not
suggested, on the evidence available, that the:increase in grain size, current
activity, lime content etc. reflect a change to shallow water conditions.

f. The Banded Unit Facies evolves directly from the Graptolitic MNudstone
Facies by increase in the amount of extraneous silt and mud wﬁich "spreads"
the carbonaceous banding. The increased grain size reflects increased activ-
ity of bottom currents which probably also "freshened" the conditions thus
enabling benthos to’ move, surv1ve, and themselves help in the destruction of
much of the’ carbonaceous matter which found its way to the sea bed.

o) The Greywacke Facies rerresents periodic influx 1nto the area of high den~-
sity tur01d1ty currents. Although calcareous these beds are unfossiliferous
and it does seem possible that any vigorous process of redeposition might com~
minute and dissolve the shells. The @reywacke Facies is replaced'in the lower
Bannisdale Slates by the Banded‘Unit Facies.

2. Basgsin of Deposition During the Silurian

There are few indications in this region of the lateral limits of the bas-
in of deposition. The Ashgill Shales Grit suggests a land mass to the SE
immediately prior to the onset of the Silurian but the System itself seems to
have been marked by widespread development of the dark graptolitiec shales. A
local thickening of the dark shales in the L.Llandovery has been detedted (p.
23) and it is in a similar position that an axis of non-deposition was locat-
ed in the U.Llandovery (Wilson 1954). In the Wenlock Series there is a slight
thickening of.the sediments towards the south (at least in the lowest beds)
and indications of an E-W current. The outstanding feature of the Llandovery
and Wenlock Series is the remarkable constancy of grain size and nature of the
mechanical detritus. At the beginning of the Ludlow Series a certain amount
of movement is indicated by the local unconformity and slumping off an axis in
the region of Ecker Secker Béck (691,954 ). EHigher in the Ludlow it is prob-

able that a land mass existed far to the NW approximately in the position in-

dicated by Wills (1952).




MODAL, ANALYSES OF TWO GREYWACKES

Distance between points = 1/6 mm
Distance between traverses = 1 mm

Number of traverses = 65 of 25 mms

Number of grains counted = 1000 H7§4,>‘ R

Magnification = X 300

« TEXT FIG. 6e
Slide no. 8; section at fight,angles to bedding

plane; Cautley Crggs; horizon, Upper Coniston
Grits, nilssoni-scanicus Zone, immediately above
first thick (260') Banded Unit.

'TEXT FIG. 6f |
Slide no. 2Bo; section at right angles to bedding
plane; Bowderdale Beck; horizon, Upper Coniston
Grits. ' ' :

.
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MINERAL | VARIETIES NO OF GRAINS| % OF TOTAL |% OF THE | TOTAL No | % OF THE
MINERAL ROCK  |OF GRAINS ROCK
PLUTONIC
VOLCANIC
QUARTZ ¢ 6 p .
VETANORPHIC 469 46+3 463 46+9
VEIN
ORTHOCLASE 206 94+4 206
FELSPAR | JLGROCLINE 218 21+8
pLag ACID 12 5.6 1°2
BASIC
MICA MUSCOVITE €5 985 _6-5 66 66
BIOTITE 1 1:5 01
HEAVY ZIRCONS AND , 0.3
OTHER HEAVIES 3 375 8 0+8
MINERALS
OPAQUES 5 62+5 05
ROCK .3 93 93
FRAGNENTS 93 J
MATRIX 146 14+6 146 146
OTHERS
TOTALS 1000 100% 1000 100%




TEXT FIG. 6f

MINERAL | VARIETIES 0 OF GRAINS [% OF TOTAL 9% OF THE | TOTAL NO| % OF THE
INERAL ROCK OF GRAINS ROCK
FLUTONIC
VOLCANIC
WUARTZ 473 47
JETANORPHIC 3 413 47+3
VEIN
ORTHOCLASE 165 94+8 16*5
MiGROCLINE
FELSPAR ;D 5 572 75 174 1744
; 3 .
PLAG
BASIC
T 00 . .
MICA FUSCOVITE 66 1 6.6 6
BIOTITE 6-6
HEAVY ZIRCONS AND
OPAZUES 21 100 241 1
ROCK .
FRAGHLNTS 15 13 15 1:5
I
MATRIX 251 25°1 251 25°1
OTHERS .
ol —
TOTALS 1060 100% 100 " 1004
- —




CHAPTER 7

SEDIMENTARY STRUCTURES

During the course of this work the writer has recorded data giving indic-.
ations of current activity. A total of 691 readings have been taken of the
more commonly accepted indicators such as flute and groove moulds. The nat-
ure and distribution of these is shown in fig.T7a 1. Other types of sedimen-

tary structures (e.g..L - ridge moulds) have been observed in the Ludlow Ser- .

ies but these have been neither studied nor utilised.

The recording method used (pp.406-18 ) is that suggested by Norman *
(1960) It has been realized for a considerable time (e.g. H.Cloos 1938) |
that folding of the strata alters the original azimuth of a linear feature. '
If the 1nduced fold has no plunge then correctlon can be carried out by rot-
ation to the horizontal plane about the strike as an axis. The true bearing
is then given by the formula 90-f+{(Wood and Smith (1958 p.169)). Here, & '
= angle between lineation and dip direction (measured in the bedding plane)
.and ¢ = strike in degrees east of north. In this method there are two theo-
retically possible positions but simple inspection in the field gives the
correct value. . ’

Some workers prefer to measure the aiimuth of the lineation directly i.e,
in a vertical plane containing the angle of plunge of the lineation as oppos-
ed to the angle of pitch in the bedding plane. (Phillips 1954 p.10). This
is particularly difficult in the case of a steeply-dipping bed, or when exam-~
ining the sole of a greywacke in an overhanging cornice. Some of the first
recordings taken were done in this manner; but one can be converted to the
other if neccessary either stereographically (e.g. Fhillips 1954 pp.10-11) or
geometricallys~

In fig. 7a 2 Tan x = a/k; Tany = b/k; Tanx/ Tany = a/b
Many / Tan X = cos z, . . Tan X = Tan y / cos z
‘. x = Tan—l ( Tan y/cos z)

* x = Tan"! ( Tan y. Sec z)

and b/a = cos z, +°.

* Geol. Mag. v.97, pp.338-343.




TEXT FIG. Tal

Distribution of palaeocurrent indicators.

TEXT FIG. T7a2

Full explanation in text p.104 et seq. (Alternative

calculation involving u is:-

sin u h/c e @ = 8in x

sin z h/a

sin z .
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pitch of lineation in bedding plane

X =
z = angle of 4ip
U = angle of plunge of lineation
¥ = angle between strike and lineation in the horizontal plane
z and y are known directly from field observation and u is easily found

by a simple alignment method (e.g. Billings 1954). It has been found that

the stereographic method is quicker and quite accurate. » _
Norman arrives at a similar formula to that obtained by Wood and Smith

but points out that such methods are only appllcable to non-plunging folds.

He then applies & correction factor, © giving the formula P+Yy -4C * ©
R is the observed azimuth of the dip and Y the observed pitch of the linear ‘
feature, measured clockwise as seen from above. = The Value‘of © is given by i
a chart which plots the degree of dip against the plunge of the fold, whilst |

the sign is #ve when the worker looks down the plunge of an anticline with

the lineation on the 1eft hand 1imb.

. Norman's method is pased on four assumptions:- o N » | §
a). folds are geometrlcally perfect bodies }
b)  non-plunging folds attain a plunge by rotation about a horizontal axis %
at right angles to the fold axis |

which is
¢) No appreciable rotation of fault blocks has taken place about vertical

axes

d) Yo dlstortlon withln the b

eddlng plane has occurred. »
idity of these assumptions will depend upon 1ndiv-,

He suggests that the val
idual cases and that the T€ ethod, although derived for similar folding, holds.

jc folds. The writer considers that assumption a)

equally well for concentri
ethod of correction usedy and that in the Cautley

is probably basic to any ¥

district c) is generally valid.
Shortening is jndicated bY the distorted fossils and a compression up %o 25-

30 °/, seems not improbable in some cases. The compression has not been rel~

ated to any major tecto

raphical distribution of Suc
emerging at the moment is that it does not seem to affect the relatively com-

S OT,

In the graptolitic mudstone facies crustal

nic stress field and both the stratigraphical and geog-

h compressed strata is obscure. The only point

as a corollary, the sole markings on them The
* com-

Petent greywacke bed
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approximately to the Wenlock mudstones d
an

Pression is confined, therefore,

"
shales" of the Llandovery Series.
) or ¢) no readings have been taken

In those cases where there has been
any

doubt about assumptions d

In the case of the second assumption the position is rather
3 mor ; :
Clearly, in a region where prominent phases of later folding ha e difficult.
ve occurred
4 not have attained their form by rotation in th newly
e man-

formed plunging folds nee
fig. Zb 1&2) The writer was earlier of the opin
pinion that

ner suggested. (e-8-
there were two distin

inclined to the view 1
ed simultaneously (fig. Tb. 3) Fol
. . d axes at a hi
gh angle

are uncommon and any such folds have a small amplitude (
ude €e8e

ct and promlnent phases of foldin
g in the area bu
t is now

hat two sets of folds, whose axes are slightly obli
ique to

each other, were form
to the general trend
706,984 )

Ramsay (1961) sug

tinction between concentric folding,
Dhenomena. Flimn ( (1962) on the other ha i
. nd discounts shear
as a formative
proc-

ess during folding.

gested methods of correction for
plunge bases u
pon a dis-

and similar folding caused by shearing

In view of this controversy, at present in the pr
ocess of

being resolv
ed, and the above discussion, it is thou
ght that the m
ethod devised |

by Dr. Norman is be

ed support this cont

The actual recordings an
418) and rose dia th
grams Wi the results plotted in 10°
grouplngs form Ffi
g.7c.

have been taken

st appllcable to the Cautley area and
ults obtain-

ention.
d calculations are plotted in the appendix (PP
. 406-

No tw i
o readings from the same bedding plane in one localit
y ex-

cept in the foll
a)  When two DO
occurring W

b)  When the bed
further along a crag outcrop.

It is often found that at one local
u
pon bed will h n approximate parallelism In ti
* nese

c
ases the measure

owing circums tancest-

ssible directions of current flow occur
€.g. When groove m
oulds,

ith flute moulds, are slightly oblique t
o the axes of th
e latter.

ding plane is again exposed some distance away, as, for
’ example,

ity yielding, say, flute moulds, bed

ave sole markings with a

ments are grouped in T
ernatively the average is taken and a
sing-

ive degree baiches and either recorded i '
n

ecording sheet or alt
At
some stage in the calculations the ave
rage

d that the latter
method is
probably mo
Ire

that way on the T
ed on the gheet.

le figure record
d it is now considere

must be taken an
accurate.

Diagram 1 (fig.7¢) consists mainly of readings taken on the f
oreset beds
of
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] Sketch ;llugfrating fhe formation of a syallféross
fold whose axis is oblique o that of-the earlier
ma jor fo%d‘“/wSuch a minor fold does not attain
its piuﬂée by rotation about a horizontal axis
which is at right angles to the fold axis, and

jcorrection for any primary linear feature must
'first unfold the smaller fold and then the earlier
fold.
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"' TEXT FIG. T3 o
Sketch of the fold style in the Bram Rigg“:.k

e

Seevy Rigg area. T N
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Text Fig. 7b1

Tb2
a Angle of dip on limb of large non-plunging fold
b Angle of plunge of smaller cross fold
Text Fig. 7b3 Bram Rigg

not to scale
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4.

6.
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TEXT FIG. Tc

L = load casts; each division = 2 readings.

33 readings taken on the Ashgill Shales Grit: 6 orient-

ations of brachiopod hinges; 27 current bedding readings.

74 readings mainly on orientation of graptolite rhabdo-

somes; from the Wenlock Seriss.

34 readings on orientation of graptolite rhabdosomes;
those from bed b (Gaisgill, 2nd Ludlow graptolite band)

indicate a current source in the NE.

63 .readings (39 flute moulds, 24 groove moulds) from the
first greywacke unit, Ludlow Series; - a south westerly:

source is indicated.

82 readings (13 flute mould, 52 groove mould, 16 load
moulds and 1 current bedding); a south westerly curr-

ent source is indicated; horizon is lower half of

the second Ludlow greywacke unit.

53 readings (11 flute mould, 40 groove mould, 2 load
mould) from upper half of Second Ludlow greywacke unit,

a north westerly current source is indicated.

73 readings (13 flute moulds,45 groove moulds, 15 load
moulds) from Lower Coniston Grits above the Pirst two

greywacke unitsg

indicated.

a north westerly current source is



10.

120 readings (73 flute moulds, 47 groove moulds) from
Upper Coniston Grits; current source lies in the north
west, | i ;

Load moulds (18) and current bedding (56) readings from

the Upper Coniston Grits. | The latter agree with flgure

8 in suggestlng a north westerly'source.Vfw

- L

Load moulds (37) from the Banniédale Slates; they show
no variation from the load moulds of earlier Ludlow'beds.
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current bedded Ashgill Shales grit. This grit has been shown to thin to the f
forth and west (PP. 9-12 and fig. 2 ) and possibly Tepresents the coarse in- |
filling of a submarine channel with currents flowing from the south east quad- §
Tant.  The degree of exposure and weathering does not permit many observationsg
YUt it is considered that the total of.3} readings taken on foreset beds and

orientation of brachiopod hinges fits in with a derivation of the sediments

from the south east. A certain amount of variability is noted. . The grit in

Wards Intake (716,976 ) for example: indicates the source of the current as*being
185° east of north, (P.416 ). This variability is to be expected and there is
€ven a slight sugzestion of a "fanning out" in the area as a whole. "It would, 5
hOWever, require many more readings ito determine whether this is real or appar- %
ent, B TR TR ' |
With the exception of seven readings (see PP.408,416 ) those taken on
Orientations of graptolite rhabdosomes are confined to the Wenlock and lower
part Of the Ludlow Series, and are plotted on diagrams 2 & 3 (fig.7c). ' ' It has
been shown that compression of the rock can exaggerate:the parallel alignment
of the graptolites but the writer is quite certain that his observations taken ;!
in the Cautley area represent true current sorting of. the fossils particularly .
in viey of the fact that some readings were taken on bedding planes showing no

Signs of compression whatsoever.. -
" The information recorded on diagram 2 can be broken down: if the recording 3

tables (P.407) are consulted. No graptolite orientation has been detected in i

the Wenlock Series prior to the onset of the M. riccartonensis Zone.
°Tity of the readings are taken from this and the lower half of the succeeding

The ma j- g

In stage 4 (approximately equivalent to the C. lundereni Zone of Watney f

20ne,
8nd Welch 1911) only six readings on the orientation of crinoid arms have been

This is due firstly to the facil that it is almost impossible to H

Possible. )
SPlit the rocks along the bedding plane for more than an inch or' two,.and secondis
1y to the fact that the fossils are less common and only rarely occur in groups
°f more than two or three. o ' I ' ' :
' On diagram 2 a further possible bias may exist in that 37. of the readings b
¥ere taken at one locality ( 30-33 W 704,979 ) where the type of weathering and

SXposure facilitated both detection of orientations and measurement of them, iR

The~beds at this locality do, however, comprise 36' of strata angd orientateqd
8raptolites were found not only to occur commonly throughout but to shoy a rem-
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arkable parallelism.

The paucity of orientation readings in Stage 4 disallows any detection of

changes in current direction as the end of Wenlock times are approached but th

2nd and 3rd graptolite bands of the Ludlow Series have yielded 34 readings.
Thirteen readings in the 2nd band on Gaisgill (718,012 ) show a pronounced

derivation from the N.BE. This is the Very antithesis of the current source

indicated by flute moulds in the 1st gre
the second graptolite band. (fig.7c diagram 4). Twenty-one readings from the -

3rd graptolite band show but 1ittle difference from diagram 2 and the source is |

not indicated. Further discussion on possible interpretations of this variab-
ility in the lowest beds of the Ludlow Series appears in Chapter S. ;
Eighty two readings have been obtained from the lower half of the 2nd grey-

wacke unit and these agree well with those from the 1lst showing a derivation of :
(diagram 5, fig.7c).  The upper part of the unit, some- I

ywacke unit which immediately overlies

currents from the S.W.
times separated from the

distinct change which is then maintained
(diagr. 6, fig.7c). Five flute moulds readings indicate a current source in

the west and may re

through W. to N.W.
The situation obtaining in the upper par
tained in the greywackes lying between this and the first major Banded Unit ‘
(the 260 unit). Seventy three readings have been tazken; thirteen flute mould;
N.W. g

again indicate a current source in the i
shows flute and groove moulds only; load moulds and 5

jower by a thin bed of graptolitic mudstone, shows a
throughout the rest of the Ludlow Series

present a gradual swing of the current direction from S.W.

t of the 2nd greywacke unit is main-

Diagram 8 (fig.Te)
foreset bed readings from the sameé horizon are recorded on diagram 9. A total
of 194 readings have been taken on beds between the 260' Banded Unit and the 1

Jeintwardinensis Zone age. Thirty six of the 47 groovéf

o recorded immediately above the 260' Banded Unit on

first beds of provable’Me
moulds shown on diagram 8 ar
Dalegill (706,024) and peTh2

fig.7c).  The current peddin
4+ to a north westerly current source. Load moulds

ps show more relation to the beds below (diagram 7,

g foreset bed readings agree with those obtained

from flute moulds and poin
are oblique to this direct

The M. leintwardinensis Zone
o flute or groove moulds have been observed.  Load moulg,

ijon and lie approximately east-west.
following is composed almost wholly of the

Banded Unit facies and n
and when plotted (diagram 10) show little change from

occur rather uncommonly
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those of the previous div1s1on, being alignéd very promineﬁtly east-west.

It is not .the writer's intention here to describe the sedlmentary struc-
tures in detail but mention mus
lds occas1ona11y ‘occur together particularly in

t be made of the main types utilized in this

survey. Croove and flute mou

the lower units of the Ludlow Series.
V-shaped flutes in association with a much

The most common combination of the two

takes the form of numerous, small,
smaller number of grooves. The latter may be several feet long and slightly

oblique to the axes of the flutes.

A second fairly common occurrence is when |

t
|

i

|
{
{
t

a sole is poor in number of moulds but has some small groove moulds and rather

ill-defined, Sparse flutes. Qroove moulds have not been found associated with

the larger type of flutes described below.

The fan—shaped, bulbous and V-
and in addition a much larger and less-sharply defined

type. These are shown on flg.7e 1 where they can be contrasted with very

large fan-shaped flutes (fig.Te 2)
e is generally bulbous and deep (up to 4") w1th

‘The current source is still quite clear

and the upstreanm end of the flut
a vortex at the bottom. The flute shallows and broadens 1o the downstramm

end where it may be up to

large bulbous flute but v
at right angles to the main line of current movement., This is thought to re-

two feet wide. Thus far it would merely be a very

ery commonly a secondary, deep channel occurs almost

present scourlng by a promlnent vortex and it is considered. that all parts of

the flute were formed 51mu1taneously.
stone nust have been extremely irregular and it is not sur-

between the main flutes (see fig.Te 1).

The fluted surface of the underlylng

finer grained mud:

prising that secondary ‘vortices occur

eddlng is only common at certai
rent bedded mudstone for a thickness of

Current b n horizons. Very occasionally

the top of a greywacke bed may show cur

some inches but more commonly 1t i
At these levels the current bedding is confined to

a whole Greywacke Unlt.i
beds from a,few,inches”in thic
bedded than the greywacke beds as & whole which are roughly 2'-3' thick. In

this pOSitioﬁ also they often ;
below the junction the rock becomes IOTE thinly bedded. This is a generaliz-
ation and it is possidble to

a Greywacke Unit with po 72
The Banded Units themselves. also show current bedding on a very sma]l

kness up to about 18" i.e. rather more finely

precede the graptolitic mudstone and immediately

£ind such a current bedded unit in the middle of

ptolitic mudstone present.

shaped flute moulds described by Norman (19 :

s restrlcted to the top twenty feet or so of
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scale, lMost of the beds showing this are lenticular and may b
v be as thin as half

an inch. No readings have peen taken on this type of struct
cture since it a
ppea-

rs to be merely the infilling of shallow hol
J : lows and would
probabl i
‘ ¥ give no def-

inite indication of the peneral current source.
Conclusions

1. A changi ‘ i ;
ging pattern of current directions is di
scernible throu
ghout the Sil-

urian strata,
1 & 4 ) it was not possible to amass a number of readi
ings sufficient

although in some of the lower divisi
ivisions (Browgi
gill and Wenlock

Stages
to make a determination of ¢
ct of sedimentary structures it is doubtful

ul whe

urrent di i
rection. Even if work were concent

d entirely on this aspe

rate
ld. i
be forthcomlng to enable current directi ons to

ether sufficient data wou

" be determined in the case of the Browgill Bed
s and Wenlock St
age 1.

2, The forese?l beds of the current bedded Ashgill Shales grit :
agree with other

evidence which suggests a derivation from the S.E. quadr
, «E. quadrant.

3. During Wenlock Stages 2 and 3 and possibly 4 the current di
roximately W.N.We -~ E.S.E. C g g e b e e : irection was app-
_ the case of the first,and th N
e lower part of :
the End, Gre
y-

4. Clear evidence i

s the current source to lie in
the S.W ;
.W., whilst during the |
g the “

wacke Unit show
tb
or part of the 2nd Greywacke Unit th
e current source i
is cons-

deposition of tbe 2nd graptolite band the curr
ent came from
the N.E.

5. Above the 1oW

tantly from the N.W.
r in the succession.

e in some respects with thos e
hose obtain :
d by Norman'

the only perceptible change being a slight
SWing highe ncrtherly
6. The current directions agre ;
- (1961) in the Blawith Area near Coniston At Ca

) utley however
a dominant

N.E. sou
ite band.

rce has not been detected anywhere in th
e succession abov
e the 2nd

In the Blawith Area such a source supplies sediment
ent at

graptol
the same time as & dominant N.W. current.  The i
possible reconCill' .
iation

of this anomaly 18 giscussed in Chapter 6 (P. 102 )

Te It is considered gifficult to place any inte
I'bre tation on the
load mould

puring muc
per part of the 2nd Greywacke Unit, and between th
ese

readings. n of the Silurian they are aligned approximatel
ely east-

west but in the upP

beds and the 260"
8 Si . :q in the nature of a p imi
. nce this is i preliminary stud ;
y it is pertin
g—-

a N.Ei "-s w di N
o e rection.

gest 1lines of approach for further work. Firstly, during th
e Wl‘iterls
ex-
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aminatién of the western portion of the Howgill Fells it became clear that the
sediments were much thicker and the exposures of the greywacke facies rather
better. (e.g. Carling Gill 645,992 ). It is suggested that a study of the sed-
imentary structures there would provide more frauitful results than in the easterm
Howgill Fells where exposures are generally poorer. Secondly a mineralogical
study of the type carried out by Norman in the Blawith Area and at présent being
done by Mr. R, Furness in the Barbon area would perhaps help to explain‘some of
the outstanding problems, particularly those connected with provenance and dep-
ositional environments. Thirdly the Howgill Fells have, in the Ludlow Series,
many other less well known types of sedimentary structures (e.g. those of Craig
and Walton 1962) which would benefit from specialized study.

Further conclusions to be drawn from the results of this surbey are discus-
sed in Chapter (6where facies types and conditions of deposition as a whole are
dealt with. '
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- INTRODUCTI ON

Classification of the Craptolites

- At the present time there is considerable controversy over the classific-

ation of graptolites, which is not restricted to the definition of genera and
subgenera alone, but affects all taxa. Obut (1957), for example, introduces
new suborders, families, and subfamilies following the Treatise classification
by Bulman (1955) which was deliberately intended to be simple in nature.  Be-
cause of the disagreement amongsit the leading workers, in dealing with supra-
generic units the writer bhas decided to follow the.c¢lassification of major taxa

adopted in the Treatise. This is summarized below:~ -

Class Graptolithina Bronn, 1846
Order Graptoloidea Lapworth, 1875 °
Family Diplograptidae Lapworth, 1873
Subfamily Climacograptinae Frech, 1897
Subfamily Diplograptinae Lapworth, 1873
Subfamily Petalograptinae Bulman, 1955.
Family Retiolitidae Lapworth, 1873 .
Subfamily Retiolitinae Lapworth, 1873
Subfamily Plectograntinae Boucek &:Munch, 1952
Family Dimorphograptidae Elles & Wood, 1908
Family Monograptidae Lapworth, 1873

Subfamily Monograptinaze Lapworth, 1873
Subfamily Cyrtograptinae Boucek, 1933

The erection of genera and subgenera within the subfamilies listed above :
is .equally controversial. Pribyl (1947) raised a new subgenus Paraclimaco- - {

graptus within the genus Climacograptus to accommodate forms such as C.innotat- -

g

us Nicholson, and in 1948 he split the genus still further by defining the sub- |

¥
genus Pseudoclimacograptus in which he included C.scharenbergi lapworth; C.hurh-

3

esi, (Nicholson), C.extremus H.Lapworth, etc. These two subgenera are consider—
ed synonymous with Climacograptus by Bulman (1955). Both Pribyl (1947,1948)

and Bulman (op. cit.), however, recognize only one genus in the subfamily Clima-

eofraptime,  Obut (1949) on the other hand grouped his genus Hedrograptus



&4y

with Climacograptus and Diplograptus in the family Diplograptidae, and then
later (Obut 1957 p.29) placed it in the subfamily Climacograptinae. Subsequ-

ot seem to have recognized the genus Hedrograptus, and it
8 ’

ent workers do n

]
i
H
ion in the Treatise. '
3

1873 has ‘received similar attention. - Thus Hundt

Orthograptus Lapworth,

(1942) recognized Cystograptus as including those forms having vesicular bod-

Treceives no ment

.
i

s types as part of the rhabdosome.  Pribyl (1949) raised the gan—?

us with ghjgggggjgg_Lapworth as its type, for those species haviné

ies of variou
‘us Rectograpt
straight, tub

. both these ge
The subgenera Bulmanograptus and Metadimorphograptus Wefe’named by Pribyl'

(1948) to include, respectively, forms such as D.confertus Nicholson and those

?With\climacograptid thecae.
36 and the former with Dimorphograptus Lapworth (Bulman op. cit. p |

ular thecae unadorned by spines. " Bulman (Op..cit.) regarded

nera as Synonymous with Orthograptus.

The latter is synonymous with Rhaphidosraptus

Bulman, 19
V90).

. In vi
the genera QliﬁéﬁQEIﬁBiEﬂ Hall 1865, Amplexograptus Elles and Wood, 1907,
Lasiograptus papworth, 1873 Glyptograptus Lapworth 1873, etc. it is perhaps
debateable whether further gplitting of these genera should take place at pres;
Thus Bulman (1955 p- V 85) writes of Climacograptus Hall "Distinction

~raptus and lasiograptus not always easy, especially if apertural

ew of the gifficulty often experienced in placing some Spécies .

ent.

from Amplexo
cavations are relativel
similarly Packham (1962) found it difficult to decide whether

ex y wide or thecae less angularly sigmoidal or bear

mesial spines."
n Climacograptus Hall‘qr Glyptograptus Lapworth and 5

to place some species 1
eventually adopted a7 arbitrary rule of convenience which is also used in this

-work. . : L : :
There ares therefore, two points of view. - One is that fﬁfﬁﬁér‘Splitting

of genera and grouping of species into subgenera based on similarities of mor

phology will .belp to unravel the evolutionary relationships. . The other view

is that this approach will not neccessarily improve the situation and that to
refrain from subdivision at the present will mean, ultimately, a lesser amount
er works and reduce the possibility of almost wholesale

of revision of earli
fer of numbers of species from one group to another Thi
: - . is

transfer and retrans

latter view is held P the present writer and the species described here ung
er

the families Dipio raptidac, Retiolitidae and Dimorphograptidae are inclug
: e
4 by Bulman (1955 pp. V84-91). ¢ |

in the genera define



The Family Monograptidae

It is in the conside

ration of the family Monograptidae Lapworth that the

greatest difference of opinion has arisen. ¥ost Continental, Russian, and

Chinese workers fgvour the recognition of numerous genera and subgenera whilst

workers in Britain and the
Urbanek (1958) has summarized the main steps in the erection of these

the year 1958.  The work of Urbanek (1954, 1958)

United States continue to use the simpler classific-

ation.

genera and subgenera up to

has shown that if the morphological characters are worked out in detail for

preserved material th
Thus his genera Cucullograptus and Lobograptus ave well de-

n the separati
e bl ion of new genera from Monograptus

suitably

may be Justlfled.
fined. It has been pointed out, however, (Bulman 1955 p. V69) with regard to

similarly careful and accurate work by Eisenack‘(1951) that ". . the applicat-

ion of such iﬁproved classificatlon may remain irpracticable simply because it

cannot be applled to normal imperfectly preserved specimens in shale". The

er genera such as Pernerograptus Prlbyl (1941) and Canpograptus

y upon general form is less sound. The lack of knowledge

erection of oth

Obut (1949) merel
n the case of the genus Demirastrites Bisel (1912) has been am-

for many years 1
ply demonstrated by Sudbury (1958), whilst the COlelcathns involved in the

definition of Spirof

to solve the situation. This was only partially successful since it transpir-

es that QEﬁgZiIEE.LQV1na (1928) has priority over Obutoprantus ¥u (1955). In
o new names (Tyrsograptus Obut and Obutograptus Mu) were in-

this instance tw

correctly introdu
as late as 1962,
ev1na) n EB}EEﬁEEEIE? Gurich as Spirograptus spiralis spir-

ced into the nomenclature which added to the confusion. Thus

Romariz,
ies of Oktavites L

alis (Ceinltz).
gnated by Bulman (1929)) - a form whose thecal characters are

(subsequently desig
still not known in any detall ( Ve Urbanek 19 58 De 11)

From the brief
is to be split upP the

species of apparently

era oT subgene
ore information on m°Tphologlcal details is made availab

siscuseion above it can be seen that if Monograptus Geinita
re are broadly, two ways of achieving this end. Firstly
similar general form may be grouped together and describ-

ra (e.g. Campograptus Obut). The disadvantage of this

ed as gen
procedure is that as b

le the definition of su
within each group re¢?d ©° pe perpetually reshuffled. It is inevitable that

ch groups requires constant revision and the Speci
es

LTS B

!
|

l

raptus curich (1908) were covered by Mu (1955) in an attempt

A O AN

includes Bonograntus sp1ra11s Gelnltz ( the type speo

The type species of SplPOﬁT&DtU@ is M.turriculatus (Barrande) 3
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the literaturs becomes,excessively-compl?cated. - The alternative process is .

that which has been followed, more or less, by Urbanek and involves splitting

N 2k A

off from Monograptus only those groups in which the. detalled morpholovy and i
perhaps evolutionary relationships are known. One disadvantage of this pro- i
cedure is that the details may be so delicate as,to be unrecognisable in most .
material (see above) but it is at the same time technically andAscientifically'

sound. - Urbanek (1958 pp.11-13) classifies the family Monograptidae Lapworth

- as follows:-
Subfamily Monograptinae Lapworth, .1873
genus Monograptus (Monqgraptus) Gelnltz, 1852
genus Monograptus.(Streptograptus) Yin, 1937
Subfamily Saetograptinae Urbanek, 1958
genus Colonograptus Pribyl, 1942a
genus Saetograptus Pridbyl, 1942a

_Subfamily Cucullograptinae Urbanek, 1958 :
genus Lobograptus Urbanek,vl958=
genus Cucullograptus Urbanek, 1954
-Subfamily'Pristiogfaptinae Gurich, 1908
genus Pristiograptus Jaekel, 1889
genus Monoclimacis Frech, 1897
‘Subfarily Pernerograptinae Pribyl, 1946
genus Pernerograptus Prlbyl, 1941 )
- Subfamily Demirastritinae Pribyl, 1946
i - genus . Demirastrites Eisel, 1912 .. .
.. .. Subfamily Rastritinae Pribyl, 1946 .

. genus Rastrites Barrande, 1850 . .

All except the last three subfamilies were represented in the material
studied by, Urbanek and each genus (except the last three) was carefully def-

ined on detailed morphological characters. The subfamilies group together

forms considered to be phy%fogenetlcally related. Urbanek is unable, however

to place in this classification such groups as Spirograptus, Ponqgrantuq (uWo_‘

bosograptus), and Monograptus (Nediograptus). - In.the Cautley material it

¢

has not yet been poss1b1e to recognise the detalls necessary for the dlfferent

iation of Colonograptus, Saetograptus, Lobograptus and Cucullograntus and the
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writer finds that the genera Pernerograptus and Demirastrites apvear to serve

no useful purpose. ‘
In Urbanek's classification, however, the genera Pristiograptus, Mono-

climacis and Rastrites can be recognised both on general form and detailed
morphology, but for the reasons stated above (p.113) they are not described
under his respective subfamilies and for taxa above generic rank the Treatise

classification is adopted. The classification used is summarized below:-

_ Family Monograptidae Lapworth, 1873
Subfamily Monograptinae Lapworth, 1873
- genus Pristiograptus Jaekel, 18895 (Groups A-D) ;
genus Monoclimacis Frech, 1897

genus Nonograptus Geinitz, 1852; (Groups A-J)

genus Rastrites Barrande, 1850
Subfamily Cyrtograptinae Boucek, 1933
genus Cyrtograptus Carruthers, 1867

genuS'garrandeggraptus Bougek, 1933.

Incertae Sedis.
7

Discussion
1. The Genus Pristiograptus:
" In the author's opinion the morphology of Pristiograptus is sufficiently

well defined to Jjustify its erection as a full genus within the subfamily

Monograptinae. As in the case of Nonoclimacis Frech (1897) its early date

of recognition supports this contention and both have been accepted perhaps
more widely than any other subdivisions of Monograptus except Rastrites. Ellet
and Wood in their Monograph, although fully aware of Jaekel's work, did not
incorporate the genus in their classification although they did include Barr-
ande's genus Rastrites as & subgenus of Monogravptus. In his original defin-
ition Jaekel considered certain species with hooked thecae (e.g.»M.colonus) to
belong to Pristiograptus as well as some with spinose thecae (M.testis). These

are now excluded by most modern workers and Jaekel's definition is amended

accordingly. In its original conception Pristiograptus was approximately

equivalent to Group I of Elles and Wood, and in the present writer's concept
) ce
is equivalent to the above authoress' Group 14, i
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Pribyl (e.g. 1955) includes under Pristiograptus such forms as M.arcutus

Lapworth and M.atavus Jones and gives them the title Pristiograptus (Subgen?)

in spite of the fact that in 1954 he draws attention to the great differences

between .the two groups. Thus he writes (op. cit. p.118) "... in the shape
of the thecae. which in the species of the type of P.arvutus,?are of Dicello-
graptid’type, (introverted or introtorted), whereas in the species of the type
-of 'P.dubiusthey are entirely straight."” A further major point of difference‘
is the presence of sigmoidal curvature of the thecal tube in monograptids of ‘
the argutus type. Species closely related to M.argutus cannot, therefore, be;

included in Pristiograptus.’ SR BT R : ;

" Some species of Pristiograptus (e.z. P.nudus;“P;bohemicus) show a slighté

expansion of the free ventral margin which, if it breaks outwards upon flatt~-- !
ening,. gives the appearance of a slight excavation of the thecal margin.. Such |

species are almost the only ones which might be confused with Monoclimacis -

‘Frech. Urbanek:(1958)‘considers-the two genera:to be closely related and
includessthem both in the subfamily Pristiograptinae Gurich (1908).

Four groups are recognised within Pristiograptus and these are defined in

the systematic. descriptiorsbelow.

2. The Genus Nonoclimacis

Like Pristiopgraptus this genus is made up of many species and its bio-

characters are considered to be sufficiently well defined to Jjustify its sep-
aration from Monograptus as a distinct genus. . Monoclimacis is equivalent to
to Group 3 of Elles'and Wood

3. Genus Monograptus Group 4

Although the characters of -the apertural region are little known at:pres-
ent, when taken in conjunction with the flowing sigmoidal curvature of the
thecal tube and the slender nature of the rhabdosome they are sufficient to
distinguish the Group from any other.described genera, or subgenera. The
introversion of the apertural margin seems to reach a maximum in M.argutus
(v. pl.26,fig.7) but in other forms usually grouped here (e.g. M.atavus) this

may be completely absent in the distal thecae. - When such forms are flatteneq

they may assume a general pristiograptid appearance particularly if the degree

of sigmoidal curvature is slight. - Monograptus Group A is the only monograp- i
tid group in which introversion of the apertural margin. takes place. The

Teverse is far more common (e.g. M.priodon).



116™

4. ° Genus Monograptus Group B

This group is equivalent to Group 1Bl of Elles and Wood and was descrlbed

as a new genus, Pernerograptus, by Prlbyl (1941).

S Genus Monograptus Group C

These forms were grouped as Prlstlovraptus (Colono raptus) by Prlbyl (1042

Urbanek (1958) considers that Colonograptus is not only a distinct genus but

that it should also be separated from the pristiograptids. He shows that the
proximal thecae are relatively simple tubes with paired, lateral, ear-like
processes. In the Cautley specimens such details cannoti be ascertained and
the proximal thecae usually appear to be slightly hooked.

This is a case where the erection of the name Colonograptus could profit-

ably have been delayed until the details of. the thecal apertures had been solv- |
ed.  When this was finally acheived it was realized that the forms bgré little‘
relationship to the pristiograptids but were more closely related to monograp- |
tids of the priodon type. The literature is now irretrievably burdened with
numerous references to the supposed affinities of M.colonus with the pristio-
cgraptids. Examples are:-~ '

Monograptus . (Fristiograptus) colonus Obut (1949)

Pristiograptus (Colonograptus) colonus Munch (1952)

Monograptus (Pristiograptus) colonus Bodilevsky (1953)

(The‘cohfusion and diversity of opinion which invariably follows-the immature
splitting of groups (genera or subgenera) from Monograptus can be appreciated
even from the three examples quoted in this case. A similar picture can be

obtained by a study of the synonomies of many of the species described below)

6. Genus Monograptus Group D

The species grouped here have simple thecal iubes adorned with spines.
Many of the remarks under Groug C above also apply to this group.’

7. Genus NonOﬂraptus Group E

Species in this group are those having hooked thecae throughout the rhab-

dosome and are referred by some authors to lMonograptus (Nonqgraotus). The

type speci s of Monograptus Gelnltz (Lomatocera% prlodon Bronn) is contained

Here. Most of the included spec1es have thecas 1n which the dorsal margin rap-
idly outgrows the ventral margin to produce a hook of the priodon type whilst

in a few spécies both margins continue to grow at more or less the same rate
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but the resultant tube is also hooked. . The.recurved portion in these latter
cases may be either adpressed to the earlier part of the.thecal tube as: in

M.knockensis or completely free as in M.gemmatus.: Both-these groups are

b

dealt with by Pribyl and Boucek (1951). M.gemmatus is described as Monograp- -

tus (Subgen?) gemmatus, whilst M.knockensis is regarded as synonymous with

Mornograptus (Globososraptus) singularis singularis Tornqﬁist (1892). . The -

last species, however, seems to be much more flexuously curved than M.knock-
gggig though the distal thecae at least are similar.

The Cautley specimens of M.barrandei show that:the thecal hook . is similar .
to that of M.gemmatus and consists of a completely free hook bent in such a ;
manner that the apertures face the proximal end of the polypary. They are,
therefore, clearly different from forms included under Monogcraptus (Globoso- -

| grantus) as defined by Boucek and Pribyl (1951). ' These authors describe

barrandei as Monograptus (?Glotosograptus) barrandei. -

8. Genus Monograptus Group F

This group includes those species with spirally .coiled rhabdosomes and

hooked, spinose thecae such as M.turriculatus and M.discusL

9. Genus Monogravntus Group G

Nonograptus minimus cautleyensis is the only form described here. The

group is roughly eguivalent to Monograptus (Mediograptus) Boucek and Pribyl

in which the species are small and slender with stiff dorsal curvature and
small thecal lobes closely adpressed to the rhabdosome. . .The details of the
apertural lobes are not known and even the Cautley specimens, which are pres-

erved in relief, shed no light on the matter. Boucek and Pribyl (op. cit.)

include M.remotus in their subgenus Mediograptus but these forms appear to have
hooked rather than lobed thecae. |

10. Genus Monogravtus Group H

This group is approximately equivalent to E,(Globosograptus) Boucek and

" Pribyl (1951) and is characterised by species in which the lobed portion of
thecae is well removed from the axis Qf_fhe»rhabdosome_and the prothecae are
of axially elongated triahgular shape. E;ggiépgg'artypiqal example, is the
Species described here (p.286). The details of the apertural lébes are not

fully known and it is debateable whether M. (Giobosograptus) should be distin-

8uilshed from Streptograptus Yin. . Indeed Mu (1963) figures Streptograptus

hanshanensis Lee which falls within the definition of E{(Globosograptus) as




envisaged by Boucek and Pribyl. Mu (op. cit. p.358) recognizes two. groups

within Streptograptus: " in oﬁe’group the thecae are rolled for a greater

part in contact with the "main axis" of the stipe (nodifer group) whereas in

the other group only the apertural region is rolled (panshanensis group)!

11. Genus Monograptus Group I

The species included here are equivalent to those usually described under

Monograptus (Streptograptus) Yin and included by Elles and Wood in their Groupn
K(a). The thecae are lobed and the lobe closely adpressed to the rhabdosome
which is usually small, relatively slender and with variable curvature.:
12. GenusMonograptus Group J - L .

Sudbury (1958) dealt in considerable detail with the species described
here and the sub-grouping used by her is also utilized here. . The species have |

been variously described under Demirastrites Eisel (1912), Spirograptus Gurich
(1908), Obutosravtus Mu (1955), Okctavites Levina (1928) and Campograptus Obut

(1949). These are not recognized by Sudbury (op. cit.) whilst Campograptus
and Oktavites do not receive mention by Bulman (1955).  Urbanek (1958 p.6) -

regards Campograptus as a very doubtful genus.

Distortion of Graptolite Rhabdosomes

- That tectonic compression of the rock distorts the contained graptolite
rhabdosomes has been known for many years. Tornguist (1907),. however, was |
one of the first to indicate the direction of compression on his figures, whichi
he did by the use of arrows. More recently Jéeger (1959) drew a line on each l
figure parallel to the tectonic "b" direction and a similar procedure has been
adopted by the present writer. ‘Sﬁdbury (1958) dealt in some detail with the
effects of primary and sedondary compression. . The former is a diagenetic
flattening of the rhabdosome which takcs place soon after deposition, whilst
the latter is caused by crustal shortening in the tectonic "a" direction during
orogenesis. (It is possible that the degree of crustal shortening might be more
accurately measurable by means of distorted graptolites rather than by brachio-
pbdds, trilobites etc. whose gross morphology is more variatle). Primary com-
Pression is referred to throughout the following descriptions by the word

"flattening", and secondary compression simply by the word "compression'.
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As in the case of the Rheidol Corge specimens. (Sudbury op. cit. p.493)

secondary compression can always be detected by the presence on the bedding - %

plane of a lineation which is presumed to lie  in the "b" tectonic direction.
The lineation takes the form of minute ridges which are . clearly small écale
folds. Cleavage is developed in the rock and- the cléavage planes are often
seen to be approximately parallel to the lineation and subnormal to the bedd- 
ing plane. ©o ’ .

In the case of specimens which have previously suffered priwary compress- .
ion and are preserved as little more than films on the rock several general
rules may be applied to deduce the effect of any secondary compression..: On
the other hand specimens preserved in full relief in pyrites seem to have .
more resistancd to secondary compression and whilst the: factors listed below
may be expected to operate it is desirable to: treat each case on its own mer-

its.

A.Lineation at right angles to the length of a straight, flattened polypary.

‘The lineation on the bedding plane might be ipterpretei as being either
parallel or at right angles to the direction of compression depending upon the
structural view held by the particular worker. - Therefore, whilst the phrase
"direction of compression" is admittedly ambiguous the word "compression" is
used in the systematic descriptions below in one sense only. A graptolite is

"compression at right angles to the length of

described as having suffered
the polypary" only when the lineation upon the bedding plane is also at right
angles to the length of the polypary. Similarly "compression parallel to
the length of the polypary" is used when the lineation is parallel to the
length of the polypary. :

1) The width of the rhabdosome, already increased to some extent by primary
compression, is further increased.

2) The thecae become more closely packed i.e. the thecal count is increased.
3) The angle of inclination of the thecal tubes seems to be increased.

4) Any slight flexuous curves are accentuated.

5) Thecal hooks tend to be flattened, whilst everted apertural margins are
rotated to appear sub-horizontal.

B.Lineation parallel to the length of a straight, flattened polyvary.

In these cases the opposite of 1) to 5) above takes place. As a rule {

the most noticeable effect is the decrease in width of the rhabdosome ang the
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flattening out of any curves. Further examination shows a decrease in
thecal count and an accentuation of everted and introverted apertural margins

C.Lineation oblique to the lensth of a straight, flattened polvpary.

This seems to have little effect upon the width or thecal spacing but
it does alter'the shape of the thecae. Thus in the case of a biserial grap-
tolite having horizontal apertural margins one series will become introvert-
ed and the other everted (ve p1.18,fig.11). ;

Good examples of A and B are illustrated on pl.20 (flgs 1 2) and pl.19
(figs.T7,8,9). On pl.19, fig.8 is a relatively undistorted form of interm-
ediate proportions. Many“othér’;¥é&pieé can be seen throughout plates 1-38,

The effects of primary compression are not discussed here since they
have been dealt with by other workers notably by Sudbury (1958) and Packham
(1962 p.409),. One of the most important considerations to bear in mind is

‘whether the ventral margin of the thecal tube breaks outwards or inwards
upon flattenln

. Morphological terms used -

- Standard descriptive termé are used throughout the systematib descript—‘
ions, and at all times the writer has tried to take into account the effects :
of distortion, and.to record in each description the state of preservation

of the material being described. . When such a descriptive term as "width"

is employed it is stated in some part of the description whether it applies
to specimens in relief or otherwise. The term "width" also requires further
explanation. It is used to describe the full exient of the rhabdosome from
the dorsal margin to the most ventral extremity of hook or spine (except
where it is stated to the contrary) and may be measured at any point along
the polypary. The word "breadth" is occasionally used and may be regarded

as synonymous with "width".

The methed of thecal count adopted is that utilized by Packham (1962).
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SYSTEMATIC DESCRIPTIONS

Class GRAPTOLITHINA Bronn, 1846

Order GRAPTOLOIDEA Lapworth, 1875

Family DIPLOGRAPTIDAE Lapworth, 1873 :

Subfamily CLIMACOGRAPTINAE Frech, 1897 ‘l

(nom. transl. Pribyl, 1948 (ex Climacograptidi Frech 1897))

genus CLIMACOGRAPTUS Hall 1865
(= Paraclimacograptus Pribyl 1947; Pseudoclimacograptus Pribyl 1948)

Type Species: Graptolithus bicornis Hall, 1848

Generic diagnosiss Thecae with angular sigmoidal curvature, part of free ven-

tral wall often parallel to axis of rhabdosome, occasionally spinose. Apert-
ures situated in short, deep excavations, and apertural margins usually horiz-
ontal. 2

The " rule of convenience for present purposes.'" adopted by Packham

(1962) is also used here and forms are retained in Climacogsraptus if the infra-

genicular wall immediately below the geniculum is inclined to the length of

the rhabdosome at 45° or more.

Climacoprraptus normalis (Lapworth)

Plate 1, fig.3; Plate 15, fig.9; Plate 16, fig.10; Plate 19, figs.1l,2

1877 Climacograptus scalaris var. normalis Lapworth p.138,Pl.6,fig.31.

1906 " " (Hisinger) var. normalis, Lapworth. Elles and
Wood p.186,Text fig. 119a-d,Pl.26,figs.2a-g.

1924 " " normalis Elles & Wood. FHundt Pl.1,figs.28-31.

1929 " " var. normalis Lapw. Davies fig.29 (not describeg

1945 " " " " . " Waterlot P104, fig- 92.



Material:s Over 100 specimens, mostly flattened but some in low relief.
Horizon and localitiest Zone of M. atavus - M. triangulatus; Spengill (S1-5 -
to S20-24, S24-28, S28-32, ?S36-39,7); Birks Beck (1Bi,2Bi); Wards Intake
(15Wi,11Wi); Watley Gill (1Wa,2Wa,3Wa,4Wa).

Diagnosis: Rhabdosome long, parallel-sided for much of its length, reaching

a width (flattened) of 145 mms fairly quickly, thecae numbering 11-7 in 10
mms;excavations deep.

Description: C. normalis is the abundant climacograptid in the L. Llandovery.

It reaches a length of several centimetres and a width of 1+5 mms, The vir-
gella may reach 10 mms long in some specimens.

At the proximal-end the thecae usually number 11 in 10 mms, but this
value falls rapidly to 10-9 in 10 mms a density which is maintained throughout
the first few centimetres. Distal fragments commonly show 8-7 in 10 mms.

A sicula has not been seen..

Thecal excavations are deep, typically climacograptid and may occupy
almost one third of the width of the polypary.

Remarks: This species becomes gradually less common upwards and is rare in

the lower part of the M. trianculatus Zone. No changes have been noted throu-

ghout its vertical range.
Material seen:t Specimens in H.M.Geological Survey Museum (e.g. Zi 7144) and
in the Sedgwick Museum, Cambridge.

Climacopraptus miserabilis Elles and Wood
Plate 1, figs.1,4,5; Plate 12, fig.9; Plate 14, fig.8; Plate 15, fig.T;
Plate 17, fig.1,2

1906 Climacograptus scalaris (Hisinger) var. miserabilis, var. nov. Elles
& Wood pp.186-T7,Text fig.120a-c,Pl.26,fig.3a-h,
?1924 Climacograptus miserabilis Elles & Wood. Hundt Pl.1,figs.20-21,26.
1929  Climacograptus scalaris var. miserabilis Elles & Wood. Davies Pp.7-8
‘(pars) fig.27.
1945 " " " " E. & W. Waterlot P1.4,fig,.9],
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Material: Over 100 specimens, all flattened.

Horizon and localities: Zone of M. atavus - P. cyphus; Spengill (S1-5 to S17-
20); Watley Gill (1Wa,2Wa,3Wa,4Wa); Birks Beck (1Bi,2Bi)j Pickering Gill

( P-); “Wards Intake (15Wi,14Wi).

Diarnosis: Rhabdosome sometimes"approaching‘2,cms in length, always less #han

e et——

lmm width. Thecae indistinct as regards degree of sigmoidal curvature, ex-

cavations usually small but not long, thecae numbering 10-11 in 10 mms.
Descriptions This species differs little from the original material described
by Elles and Wood (1906).  Its most characteristic features are the short,
small excavations and short, narrow rhabdosome. . Occasional specimens from
the lower-beds have the virgella and nema preserved, but in the higher beds
(e.g. P. cyphus Zone) most specimens bave a long virgella and prominant nema
(see fig.l, P1.17) although the species is less common.

-~ The sicula has been seen in one specimen where it is "pressed through"
and it seems to be short (065 mm) and relatively broad. Its apex does not
reach’the 1st thecal pair. ' e
>»;,¥iﬁwbné‘8pecimen (fig.4 P1.1) the excavations are rather less than one
thir@’the;width of the polypary but generally they are about one quarter or
S N

The rhabdosome width varies from 0-7 - O-9mm.
Remarkss: The Cautley sPecimens show mquIVififp%}ity in rhabdosome width than
is indicated in Elles and ngds ofiginél &escription and several specimens
(e.g. P1.1,fig.1) appear to be rather more slender. The vertical range is
also greater although specimens are rare ip»the P._cyphus Zone, and may perhaps
be regarded as represeﬁté£i§és of a‘léieﬁmutation which has a prominant vir-
gella and nema. '

Material seen: Specimens in the Sedagwick Museum, Cambridge and in H.M.Geolog-

ical Survey Museum (e.g. Flett Collection No.21573 from Anglesey).

© " Climacograptus_ex. gr. scalaris (Hisinger)

Plate 1,fig.6; Plate 16,fig.8

1837 Prionotus scalaris Hisinger p.113,P1.35,fig.4.




1906 - Climacograptus scalaris (Hisinger) (Linne?). Elles and Wood pp.184- 5,
o text fig.118a-b,P1.36, flgs.la Ce : ?

Material: Several fragmentary specimens in full relief from Zones of M. con-

volutus (Birks Beck, 5Bi) and M. sedowicki (Spenvlll) and M. turriculatus
(Spengill). , R Lo
Descrintion: Unfortunately no good specimens of this form have been obtained,
but those fragments which do show a few well preserved thecae suggest'affin-

ities with C. scalaris scalaris. ' The thecae are strongly sigmoidal and have -

a sharp almost ridge-like geniculum. In the apertural view (v. fig.6,P1.1)

the margin is even but has a distinct lip similar to that seen in P. bohemicus

(ve P1.26,figs.1,2). A septum is present but may not be entirely complete .
at the extreme proximal end. - The thecae are not closely spaced and range
from 11 'in 10 mms proximally to 9 in 10 mms distally. ‘

Remarks: It can be seen that the distal details so far obtained agree with

C. scalaris  but equally clearly more material is required dbefore a complete

description can be attempted.

Material seen: Similar specimens are recorded from the Skelgill Beds, Amble-
side (S.M. no. A20240-1). ' ‘

Climacograntus simnlex sp. nov.
Plate 16,fig.9,12+" ~. = - .~
» ‘”1, " 6

Holotype: HUR./S75,9-4/33.
Horizon of Holotype: Zone of M. sedpgwicki.. . . ..

Derivation of name: simplex, L, simple, referring to nature of thecal apertur-

es.
Material: 3 proximal ends in full relief. R
Horizon end Localities: Zone of M. sedgwicki; Spengill (S75,9:4).

Diagnosjsg Proximal end rounded in profile and cross section. Sicula free

for 0°5 mm of its length. Septum complete. - Thecae number 15-14 in 10 mps . ’
, : i
at extreme proximal end but only 12 'in 10 mms st 6 mms., Thecal apertureg
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with a slight lip. . : :
‘Descrlgtion' The longest specimen is 6 mms long and has a w1dth of 1mm at 1ts
distal extremity. In cross section all three specimens are circular and the .
'thecal tubes semicircular. — v

The sicula is exposed for O0*5 mm of its length and th.l(l) arises 0<3mm
above its base. Th.l(l) then grows downwards to the base beforé turning
upwards and opening 0-:65 mm above the base of the polypary. Throughout the
thecae are markedly alternate in their arrangement and at th.1(1) - 2(1)
number 15 in 10 mms. At th.2(1) - 3(1) this has dropped to 14 in 10 mms and
distally decreases further to 12 in 10 mms. -

: Thecal overlap is small and whilst the apertural margins are almost hor-
izontal they have a slight lip in the mesial region particularly on the proz-
imal thecae. The excavations occupy one quarter of the total rhabdosome
width whether v1ewed from the obverse or reverse side. In the ventrai.view,
however, they occupy well over half of the total ventral margin.

The septum is complete and begins on the obverse side at the level of
the aperture of th.l(l). .On the reverse side it appears about 04 mm above
this level. S | |
"Remarks: This species is clearly close to C. scalaris but differs in the spac-
ing of the thecae and the nature of the apertural margin. Viewed from the
ventral position the excavatlon also occupies considerably more of the w1dth

(over one half compared with one quarter to one third in C. scalaris). The

proximal end of C. simplex sp. nov. also appears to have no yirgellg and is
rounded though it is possible that the virgella is broken off since the base
of the sicula has worn appearance on the one specimen where this could be

Seen.

pQ', Climacograntus pseudonormalis Sp. nov.

Plate/fig. 5; Plate 1, fig.1l0; Plate 12, fig.4; Plate 2, figs.1l,4

. i
Holotvne: HUR. /2B1/4, flattened specimen, well preserved, dlstal end miSSlnb ;

Horizon of Holotype: Zone of M. acinaces.




Derivation of name: "latinized" to indicate distinctness from Cl. normalis.

Material: One specimen, (the holotype) and other more doubtful material.
5;;;;;;?30n= The flattened rhabdosome "'is -9 mms long and distally reaches a
width of 1-3 mms. The width at the level of the first. thecal pair is 0+7 mm.
There is a trace of a septum throughout the length of the polypary and because
of this the depth of the excavations may be reduced. The latter are deep-
rather than semicircular, distinctly climacograptid, and remain unchanged
distally. The thecal apertures are opposite.

. The sicula can be faintly seen where it is "pressed through" and is app-
roximately 1lmm long, its apex almost reaching the second thecal pair. It is
furnished with a short virgella. Thecal spacing is close and alters only
slightly down the length from 15 in 10 mms proximally to 13% in 10 mms distall;
Remarks: This seems a distinct species. It has a certain resemblance in
;;;;—;;’C. normalis but the latter has more widely spaced thecae and the first'

few are markedly alternate, only becoming sub-opposite distally.

Climacograntus medius Toernquist:

Plate 1,fig.12; Plate 12,fig.3

1870 Climacograpsus teretiusculus Nicholson (pars) p.373,figs.la,db,f.

1872 " " " p.33,figs.B8a,b,f.

1873 Climacograptus scalaris Malaise p.104,Pl.6,figs.5-6.

1897 " medius n.“Sp..Torpquist p.7-8,P1l.1,figs.9-15.

1906 " " " Elles & Wood pp.189-190,P1.26,

figs.4a-f,text fig.122a-c.
®w - " Torng. Hundt Pl.1,figs.22-23,35,36.

?1924 " | ’ ,
1933 Climacograptus medius, Tornquist. Sun p.23,P1.4,fig.2.

21940 " o " . Desio p.27,Pl.1,figs.16,17. "
1945 " " Tornq. Waterlot P1.6,fig.113.

1949 " " Tornquist.j Obut p.13,P1.1,figs.3a,b.

§

- flattened o fef.
Materia1: About 30 specimens, flatiened or low relief.
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Horizon and Localities: Zones of M. atavus to M. triangulatus; Spengill (S1-
5, S20-24,7536-39,7); Watley Gill (1Wa-4Wa); Birks Beck (2Bi). . .

Diagnosis: Full grown rhabdosome very similar to C. rectansularis, attains a

width of 2.5 mms (flattened), 12-10 thecae in 10 mms, proximal end rounded
and very blunt, conspicuous virgella, excavations typically climacograptid.
Description: This species can only be distinguished with certainty from C.

rectangcularis on the characters of the proximal end. The virgella is a

conspicuous feature of the polypary and is usually long and straight, whilst
the initial part of the rhabdosome is broad and may measure lrm at the level
of the first pair of thecae.

Excavations are deep and in flattened material a "biscalariform" view
is common suggesting that the apertural region is sufficiently thickened to
be "pressed through".

Compression at right angles to the length of the polypary has the effect
of closing the excavations which are then represented as a line. If compres
sion is stronger the whole length of the polypary is marked by transverse
corrugations and the thecal apertures are difficult to make out. In these
cases the thecal spacing is considerably decreases and specimens having a
thecal count of 20 in 10 mms have been cbtained.

Material seen: Specimens in the Drew and Salter Collection, H.M.Geolorical

Survey Museum. Sedgwick Museum, Cambridge, collection.

Climacograptus rectangularis (M'Coy)
Plate 12,fig.5; Plate 19,fig.3 - : 3 3

1850 Diplograpsis rectangularis, M'Coy p.271.

1851 " o -"  p.8,P1.1,B,fig.8.

1906  Clinmacograptus rectangularis (M'Coy). Elles and Wood pp.187-8,Text
S : fig.12la-b,P1.26,figs.5a-e. |

1924 oo " M'Coy. Hundt. P1.1,figs.8-10.

71945 " " " Waterlot Pl.6,fig.111

1949 " " (M'Coy). Obut p.12.P1.1,figs.2a,b. |




.

1955 Climacograptus rectangularis (M'Coy). Bulman fig.631c.(not described)
71962 " o " o ". ' Ross p.1386,text figs.1F,I,J,M.

Materials About 50 specimens, invariably flattened. ‘
Horizon and localities: Zone of M. atavus - M. trianculatus; Spengill (S1-5
to 524-28, ?528-32 to $36-39,7); Watley Gill (3Wa); Wards Intake (?14Wi,?11
Wi, ?13Wi); Birks Beck (1Bi,2Bi).

Diagnosiss Rhabdosome often more than 2 cms long, 2+5 mms wide, virgella con-
spicuous occasionally fairly long. Thecae 12~10 in 10 mms, typically clima-

cograptid, relatively narrow proximally for a few mms after which it begins
to broaden. - '
Descriptiohz For the first few millimetres the proximal region is relatively
narrow but then broadens quickly to reach its maximum width which varies be-
tween 2 and 2°5 mms. ‘

The virgella is usually short and conspicuous, but is occasionally rather
longer (see fig.5,P1.12), in which case the extremity is very fine.

At the proximal end the thecae number 11-12 in 10 mms decreasing distally
to 16 in 10 mms. Strongly compressed specimens show higher and lower values.,

The thecal excavations are deep and similar to those in C. normalis and
C. medius. A septum is present - this can. be ascertained even in the flatten-
ed specimens -~ and it may be complete.

Remarks: The only form which C. rectangularis might be confused with is C.

medius. Whilst having the same thecal spacing and general size, thellatter
species has a blunt, rounded proximal end.- - The general form of specimens
preserved in compressed rock may be altered to approach that of the other
species. © Thus gspecimen of (. medius oompressed“parallel tollength of the
rhabdosome would be narrower throuchout and the blunt proximal end might bec-
ome sharper. It is not easy therefore to distinguish the two species even
on the character of the proximal end. o ’

Materials Specimens in Drew and Salter Collection, H.M.Geological Survey
Collection (Zi 7183).

Climacorrantus 7tangshanensis linearis Packham . ..

Plate 1, fig.9

i3-¢- :
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1955 Climacograptus rectangularis (M'Coy). Bulman fig.631lc.(not described)
?1962 " " " . . Ross p.1386,text figs.1F,I,J,M.

Material:s About 50 specimens, invariably flattened.

Horizon and lLocalities: Zone of M. atavus - M. trianculatusj; Spengill (S1-5
to S24-28, ?528-32 to S36-39,7); Watley Gill (3Wa); Wards Intake (?14Wi,?11
Wi, ?13Wi); Birks Beck (1Bi,2Bi).

Diacnosis: Rhabdosome often more than 2 cms long, 2+5 mms wide, virgella con-

spicuous occasionally fairly long. Thecae 12-10 in 10 mms, typically clima-

cograptid, relatively narrow proximally for a few mms after which it begins .

to broaden.
Description: For the first few millimetres the proximal region is relatively

narrow but then broadens quickly to reach its maximum width which varies be~

tween 2 and 2°*5 nmms.

i

The virgella is usually short and conspicuous, but is occasionally rather%

longer (see fig.5,P1.12), in which case the extremity is very fine.

!

At the proximal end the thecae number 11-12 in 10 mms decreasing distallyé

to 10 in 10 mms. Strongly compressed specimens show higher and lower values,

The thecal excavations are deep and similar to those in C. normalis and

C. medius. A septum is present - this can be ascertained even in the flattien-

ed specimens -~ and it may be complete.

Remarks: The only form which C. rectangularis might be confused with is (.

medius. Whilst having the same thecal spacing and general size, theilatter
species has a blunt, rounded proximal end. - The general form of specimens
preserved in compressed rock may be altered to approach that of the other
spécies. Thus specimen of C. medius compressed parallel to length of the
rhabdosome would be narrower throughout and the blunt proximal end might bec-
ome sharper. It is not easy therefore to distinguish the two species even
on the character of the proximal end.

N¥aterial: Specimens in Drew and Salter Collection, H.M.Geological Survey
Collection (Zi 7183). '

Climacograntus ?taneshanensis linearis Packhanm

Plate 1, fig.9

i
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Material: A single, flattened, but well preservéd specimen.

Horizon: Zome of P. cyphus; Spengill (14P).

Description: The rhabdosome is incomplete and has a length of 5 mms (exclud-
ing virgella). It widens gradually throughout its length to lmm at th.7(1)
(flattened). A virgella projects 17 mms below the base of the sicula which
is just discernable. The aperture of th.1(1) opens 0+4 mm above the base

of the sicula. : . N R
Throughout the specimen the excavations are semicircular but quite deep,

occupying between one quarter and one third the total width of the polypary.
At the level of th.1(1) and 2(1) the thecae are closely spaced (15 in 10 mms )
but distally become widely spaced (13 in 10 mms).

Remarks: The specimen is placed in the genus Climacogzraptus since the excav-
ations remain deep and the geniculum more climacograptid than glyptograptid.

It has a certain resemblance to Packham's subspecies C.t.linearis but has

a slightly higher thecal count and a more prominant virgella, whilst the —
gins are tapering rather than subparallel.
Material seen: Holotype of Packham's Climacograptus tansshanensis linearis

(S.M. no A51448) figured Packham 1962, text fig.3j; Pl.72 fig.3.

Climacograptus hughesi (Nicholsoh) o ) .‘i
Plate 17, fig.>5.

1853 Diplograpsus teretiusculus Richter p.456,P1.12,fig.11-13.
1869 " Hughesi, Nich. Nicholson p.234,

1871 Diplograptus teretiusculus Richter Pl.5,figs,5-7.

1882  (limacograptus undulatus Kurck p.303,Pl.14,fig.11.

1890 " internexus Toernquist P.25,P1.2,figs,8-0.
1893 " " " ‘ p.6,figs‘23_27.

1897 " undulatus "o P«9%yPl.1,figs.20-24,

1906 " Buchesi (Nicholson). Elles and Wood pp.208-210, texs

tig.14Ca-4,P1.27,figs. 1100,
?1924 n hughesi Nichkolson. Hundt, Pl.1,figs.8-10.




A

7?1929 Climacograptus scalaris (Hisinger) (Linne?) var. normalis, Lapworth
Glemerec p.125,P1l.5a,b.

21934 " hughesi (Nicholson). Hsu p.67,Pl.5,figs.Ta-c.

1945 " " Nich. Waterlot P1.8,fig.130.

Naterial: About 30-40 specimens in relief.

Horizon and lLocalitiess Zohs of M. trianculatus, Zones of D. masrnus - M. sed~-
wicki; Spengill (S75,9°4~-80,8+4); Birks Beck(9Bi,€Bi,5Bi); Watley Gill (SWa,(
OWa-11Wa); Spengill (S28-39,7) |

Diasnosis: Rhabdosome up to lem long and almost 1lmm broad. Proximal end

round with small prominant sicula which is free for 0.65 mms of its length{
Septum undulating, conplete. Thecae with strong sigmoidal curvature, number-’

ing 16-12 in 10 mms, with introverted and introtorted apertural margins.

Description: C. hughesi is superficially like C. extremus but has a consider-

ably longer rhabdosome and the sicula is visible for some distance. In
C. extremus the sicula appears to be completely enveloped.

Th.1(1) grows downwards for 025 - 03 mm before turning upwards. Its
complete length is 0+9 mm. Th.1(2) grows across the back of the sicula and
its aperture opens 0*13 mm above the aperture of th.1(1). The septum separ-
ates the two series throughout growth and undulates throughout.

Specimens preserved in relief show the thecal apertures to be introtorted;
and introverted, the former perhaps being more strongly developed than the ‘
latter. Thus a specimen in full relief showing both series of thecae will
have one series displaying distinct excavations whilst the other will have
the excavations filled by the most distal extiremities of the introtorted the-
cae. (see fig.5,P1.17), and also Elles and Wood 1906, text fig.140c.). }

The specimen figured by Elles and Wood as text fig.140c seems to display |
sinistral torsion of the aperture whilst the Cautley specimen figured on P1.17:
(fig.5) shows dextral torsion. At present it is impossible to say whether
the direction of torsion is constant.

Materia) Seen: Specimens in the Sedgwick Museum, Cambridge.
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Climacograptus extremus H.Lapworth
Plate 1,fig.8; Plate 12,fig.6; Plate 17,fig.3

1900 Climacograptus extremus, sp. nov. H. Lapworth p.134-5,figs.22A-B.

1006 " " , H.Lapworth. Elles and Wood pp.210-11, text
' fig.14la-c,P1.27,figs.13a~b.
1945 " "  Lapw., Waterlot P1.8,fig.132.

Vaterials Over 30 specimens, some in full relief.

Horizon and localities: ?Zone of M. trianculatus, Zones of D. macnus to M.
turriculatus; Spengill (2536-39,7; S75,9°4-S172,0+5); Birks Beck (9Bi,5Bi);
Watley Gill (9Wa-11Wa). ‘ '

Diagnosis: Rhabdosome very small and narrow rarely exceeding 5 mms in léngth
and never more than 0+5 mm in width except when flattened. Septum undulating“
complete. Sicula not seen. Nema long, slender. Virgella short. Thecae
number 15-20 in 10 mms.

Description: The rhabdosome of this species is most distinct by virtue of its

small size and slenderness. A short virgella is usually found and in one
specimen an extremely fine nema has been detected (pl.17,fig.3). ~In flatten=
ed specimens little can be said about the nature of the thecae, but in mater-
ial preserved in full relief they are seen to be very small, overlapping about |
one third, and have their margins certainly introverted and probably intro-
torted. They number 15-20 in 10 mns.

The undulating septum is a conspicuous feature of the rhabdosome as it
swings with the sigmoidal curvature of the alternating thecae.

Remarkss Rather doubtful specimens have been obtained in the M. triangulatus

Zone but the species is certainly present in the D. macnus Zone. Elles and

Wood (1906) give its range as sedeswicki-turriculatus Zones but Sudbury (1958

p.487) also records it throughout her M. cregarius Zone of the Rheidol Gorge. ;

This latter observation also suggests that the species comes in earlier than

was supposed by Elles and Wood.

Climacograntus aff minutus Carruthers
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Climacorraptus aff minutus Carruthers

Plate 1,fig.11; Plate 17,fig.4; Plate 12,fig.7.

aff. . . .

- 1868 Cllmaco*raotus minutus Carruthers P. 132 Pl.5,figs.10a~-b.

1906 . " " " . Elles and Wood pp.211-2,text fig
142,P1.27,figs.12a-c.

Materials About 15 specimens.
Horizon and Localitiess Zone of M. atavus - M, triansulatus; Spengill (S1-5
to 524-2§).

Diagnosis: Rhabdosome small and slender, usually about 0¢7 - 0°8 mm wide.

Nema projects~be&ond distal extremity. Thecae with deep, narrow excavations,

numbering 14-16 in 10 mms.

Description: The rhabdosome is always less than-lcm long and has a breadth

(flattened) of less than lmm. Most commonly specimens are about 5-6 mms 101-1Q

and O+7 - 008 mm broad. . The short, fine virgella and distal nema are not
generally preserved. - : .

.Throughqut the rhabdosome‘the‘thecae;are closely spaced at 14-16 in 10
mms . though lower densities are occasionally obtained.

The proximal end is rather blunt and often the base of the sicula and
most proximal point of th.1(1) can be seen (v. fig.ll,»Pl.lﬂ. There is no
trace of a septum in this flattened uaterial. S
Remarks: The species closest to these forms seems to be‘C1%~minutus Carruth-

ers. It can . be distinguished from C. extremus by virtue of its greater

width and there is no resemblance to C. hurhesi that can be detected in flat<
tened specimens.

Material Seen:.Specimens in Sedgwick Museum, Cambridge.

?Climacopraptus retroversus sp. nov.

Plate 17,figs.8,8,10; Plate 18,fig.1

P N
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Holotype: HUR./S73 11-4/81, a specimen in full relief, but broken.

Horizon of Holotyve: Zone of V. sedgwicki. .

Derivation of Name: retrcversus, L. turned backwards

Material: 7 specimens in full relief, others flattened. i
Horizon and Localities: Zone of M. sedowickij- Spengill (573,114, to Se0, 8. 4
Dlagnoszs- Rhabdosome up to 2 cms long, slender, elllntlcal to circular in

cross sectlon, septum undulatln complete.’ Thedae with retroverted apert-
ural marglns, numberinw 10 in 10 mms d1stally, and up “to 12 in 10 mms prox-
1mally.

Description: Thls species is superf101ally llke C. huphes1 but differs in all

the measurable features as well as in the nature of the thecae. The rhab-

dosome im ?C. retroversus Sp. nov. reaches 2 cms long in some sPeclmens and

is therefore much longer than in hU“hQQI.F The septum is complete and undul~ {
ating but dlstally the undulatlon is reduced. The rhabdosome width is var-
1ab1e, being less than lmm and usually about 0+8 mm. Occasionally ‘there is
a reduction in width distally. J

The position of the sicula can be detected in the holotype and in obversel:
view 1t is free for .0¢8 mm of its total lenoth, ‘of “about 1 3 mms. The apex
is-circular in cross ‘section whereas the rhabdosome in the same region is
elllptlcal although this might in ‘part be due to- flattening.

The thecae are strongly s1gmoidal and overlap’ for approximately one
thlfd thelr length. The supragenicular walls slope inwards towards the axis
and as the thecal tube aoproaches the 31gm01dal curve of the succeeding theca
1ts dorsal marvln beglns to outgrow the ventral’ margin resultlno in what
appeezs to be a narrower aoerture facing outwards or towards the ‘proximal end
(1 e. retroverted) In no view therefore, is there an excavatlon proPer

even though the thecae are very strongly 81gm01da11y curved.

Remarks' C. hu*hes1 is the only spec1es at all resembllng ’C. retroversus SD.
nov. but the two dlffer in the follow1n" respects ' )

a)) ‘C. retrovereus Sp. nNoOV. is much longer though about the same breadth.

b) Although both have an undulatlng Septum, in ?C. retroversue the undulat-
1on is much less dlstally. ; ) A ' )
c) 4The thecal sPaclnn 1s dlfferent (16-12 in 10 mms in C. hughesi cf.12-10

in 10 mms.

4

d) The characters of the thecae themselves are dlfferent.

This species is doubtfully referred to the genus Climacograptus in Viey

op
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the double 51~m01da1 curvature exhibited by the thecal tubes.

Climacorrantus innotatus innotatus Nicholson
Plate 15,fig.8.

1869 ¢limacograptus innotatus Nich. Nicholson p.238,P1.11,fig.16-17.

1870 " " " " p.384.

1876b " " Nich. Lapworth Pl1.2,fig.%4.

1677 " " " " p.140,P1.6,fig.37. )

1906 " " Kicholson. Elles & Wood pp.212-213,text fig.|

| 1432(?b),P1.27,figs.10a~e.

2524 " W Nicholson., Hundt P1.1,figs.14-15,24-25.

1945 o oo innotatus Nich. Waterlot. P1.3,fig.87.

1955 " " " Nicholson. Bulman fig.63,1d.(not
described).

Materials A single specimen preserved in low relief.
rateria.,

Forizon and Locality: Zone of M. atavus; Watley Gill (2Wa).

Desorintion: The rhabdosome is 2°8 mms long and 1lmm broad (excluding spines)
and comprises 5 thecae in each series, Thecae closely spaced numbering 19
in 10 mms.

The sicula which is comnletely free on one side, is 0«9 mm long and its
apex reaches to the level of the aperture of th.1(2). Theeca 1(1) arises
0.09 mm above its base and grows downwards for 0e26 = 03 mm before turning
and growing'upwards. Its totalolength is 0+8 mm. Subsequent thecae in-
crease to a length of 1°Q4 mms and overlap up to a maximum of one half their
length. The excavétions which. are deep and océupy almost’one thifd the
width of the polypary, are also rather long giving an almest semicircular
profile.. The apeftural margins are very slightly everted, Thecal spires
are not conspicuous but they arise from the geniculum. In obverse view the
septum is complete and appears to be slightly flexuous. -

Remarks: Thls spe01men dlffers from other descrlbed material only in being
tather narrower and in bav1n8 a hl”her thecal count. It is retained in this

Species until the full range of 1ntra8pe01f1c variation is known.
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Vaterial Seen: A collection from Dobb's Linn contained in the Sedgwick Museum

which show the species to be much larger than Climacocoravtus innotatus exquis-

itus subsp, nov.

Specimens figured by Elles and Wood P1.27,figs.10a,b;d. §

Climacogcraptus innotatus exquisitus subsp. nov.
Plate 1,fig.7; Platel4,fig.9

Holotype: HUR./1Bi/26, and counterpart.

Horizon of Holotype: Zone of M. atavus. .-

Derivation of name: exquisitus, L. delicate.

Material: Two specimens.

Diagnosist: Rhabdosome small and narrower than C, i.innotatus, virgella con-

spicuous, thecae spinose, numbering 15-13 in 10 mms. Nema slender projecting
beyong polypary. , v '

Descrintions Although the holotype is flattened it is compressed parallel to
the length of the rhabdosome and the width is probably close to that of the
undistorted specimen. Its length is 4.5 mms (excluding virgella and nema )
and its width only 0«65 mms. ’

A slender virgella projects beyond the proximal end and may be bent back
to lie parallel to the polypary. The nema is slender and extends for 1+¢7 mng
beyond the distal margin of the rhabdosome.

The sicula is approximately 0¢9 mm long and its apex reaches to the
level of the aperture of th.1(2). At the extreme proximal end the thecae
are closely spaced. (15 in 10 mms) being rather less so distally (13 in 10mms),
The thecal apertures are slightly everted and set in semicircular excavations
which occupy one fifth of the width of the polyvpary. Projecting from the
geniculum of each theca is a short stiff spine averaging 0¢19 mm in length.

Remarks: This subspecies is very closely related to C. i. innotatus particul~ |

‘arly in size and form, the presence of thecal spines, and the size and posit-
ion of ‘the sicula. . It is, however much more slender being about one half

of the width of Nicholson's species. -
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Subfamily DIPLOGRAPTINAE Lapworth 1873 - -
(nom. transl. Pribyl 1948 (ex Diplograptidae Lapworth 1873))

genus DIPLOGRAPTUS M'Coy 1850
(=Mesograptus Elles & Wood, 1907)

Tvpe Svecies: ExiQQEEEE,Eﬁiﬁfgﬁ_ﬁiSinger’u1837? S.D.Gurley, 1896.

Generic diacnosiss Thecae strongly sigmoidal with apertures in broad semicir- |

cular excavations, amplexograptid at proximal end, gradually becoming more
gently sigmoid (glyptograptid) and almost straight distally; periderm atten~

wated and with apertural lists proximally; cross section ovoid or nearly rec-|

tangular.

Diplogravtus macgnus H.Lapworth

Plate 1,fig.143 "Plate. 20,fig.10

1900 Diplograptus magnus, Sp.nov. *HeLapworth. p.132-4,fig.21la-d.

1907 " (Mesograptus)‘magnus, - H.Lapworth. Elles and Wood pp.266-7,
- text fig.183a-b,Pl.31,figs.14a-c.

1945 Diplograptus (Mesograptus) magnus Lapw. Waterlot Pl.17,fig.216.

1961  Mesograptus magnus - (Lapw. ). Romariz - Pl.2,fig.2, not described.

Material: Several specimens. - ‘ ‘
Horizon and Localities: Zone of M. triansulatus - D, masnus;  Spengill (S32-36
Birks Beck (9Bi). ,

Diarnosiss: Polypary robust, long, reaching a maximum width of almost 4 mms.
et g et

Septum almost complete, thecas 15-12.in 10 mms, long, strongly sigmoidal prox-
imally with conspicuous excavations more "glyptograptid" to almost straight
distally.

Description: D. Magnus is not a common fossil at Cautley and the writer's

distal fragments are poorly preserved. They do, however, show the usual the-

cal characters, and the thecae themselves number about 12 in 10 mms in this
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region and are almost straight tubes. A maximum width of nearly 4 mms is
reached. v ~
The proximal thecae have strong sigmoidal curvature and the apertures are
situated in deep, long excavations which occupy one quarter of the width of
the polypary. In this region the thecae number 14-15 in 10 mms, are inclined
to the axis at 35° , and overlap for one half their length. At a distance
of 7*5 mms from the proximal end width of over 2 mms is acheived (relief).
From here the polypary widens more gradually to its maximum breadth.

The sicula has not been seen. - A septum is visible throughout even in
the reverse aspect.
Remarks: The Cautley specimens differ in no way from other described British

material. Tt occurs rarely in the top of the M. triansulatus zone but more

commonly in the D. magnus zone following.

Material Seen: Specimens in the Elles and Wood Collection, Sedgwick Museum.

Diplograptus modestus modestus Lapworth
- Plate 19,fig.6 -

1876 Diplograptus modestus . Lapworth P1.2,fig.33

1877 " confertus Lapworth P1.4,fig.8 '

1897 - .M modestus Perner ».5,P1.10,fig.8

1900 . " S s Lapw. : H.Lapworth p.135

1907 - n ., (Mesograptus) modestus, Lapworth. Elles and Wood pp.263-4,
text fig.180a-d,Pl.31,fig.lla-e.

1924 1 modestus Lapworth. Hundt, Pl.l;figs.46-49-

?1929 Mesograptus cf. modestus. Davies p.1-3,fig.1

1933  Diplograptus (Mesograptus) modestus Lapworth. Sun p.30,P1.5,figs.3a-c

1934 Mesograptus modestus Lapworth. Hsu pp.82-3,P1.6,figs.Ta-b

1940 Diplograptus modestus Lapw. Desio po25,P1.1,fig.l8,Pl.2,figs.l,5,6,10,
o : 12.

1945 "o (Mesograptus) modestus Lapw. Waterlot. P1.17,fig.206

1962 " modestus Lapw. Romarig P.236,P1.22,fig.1
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Material: 6 specimens, poorly preserved.

Horizon and Localitiest Zone of M. atavus; Spen 111 (Sl 5) Watley Gill

(1Wa,4Wa)s - Zone of A. acuminatus. . . L _ 3
Diavhosié- Rhabdosome up, to 2 cms long with a breadth of 25 mms dlstally ;ﬂ
(though this may be an increased value due to compression).  Thecae almost. %
"orthograptld" distally, 14-12 in 10 mms, but strongly sigmoidal proximally.
Description:. This species 1skusually identified from the generai form of thé
polypary since the thecal characters are difficult to discern. The specimen :
figured on P1.19 (fig.6), however, shows.the strongly sigmoidal. proximal
thecae and deep excavatjons. . The excavations are here deeper than long but |
the rhabdosome is compressed at right angles to the line of the polypary. At |
the proximal end the. thecae are usually closely spaced numbering up to 14 in
10 mms but this value falls quite rapidly to 12 in 10 mms distally.. .

Distal thecae are almost "orthograptid" in shape. The degree of over-
lap and angle of inclination of the thecae cannot be satlsfactorlly ascertain-
ed. A virgella 1is prominent and robust and extends for lmm below the relat-
lVelJ p01nted Drox1ma1 region.

Remarks: D. modeotus modestus 1is restricted to the lowest beds (M. atavus

zone) and is far less common than D.m. dlwnnutus.

laterial Seen: Specimens in Sedgwick Museum, Elles and Wood Collection, togetk

er with varletles, Drew and Salter Collection (2Zi 7144), H.M.Geological Sur-~

vey Kuseum. . speclmens in H.M, Geological Survey Collection (Pg607) from

Nant Nod, a specimen in full relief; (3368) collected by J.E.Marr from Skel-

gill section (M. fimbriatus Zone), a specimen in low relief.

Dipiograptus modestus diminutus Elles and Wood
Plate 2, fig.2; Plate 14, fig.?

1907 Diplograptus (Mesograptus) modestus, Lapworth, .var, diminutus, var., ﬁbv
Elles and Wood p.265,Text fig.182,Pl.13a-c

91945 Dlnlosraptus (Mesograptus) modestus var. diminutus E. & W. Waterlot
P1.17,fig.208. |

Material: About 20 specimens mostly flattened. .
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Horizon and lLocalities: Zone of M. atavus; - Spengill-(Sl—5,85—9); Birks Beck ‘i

(1Bi,2Bi); Watley Gill (3Wa)s Zone of P. acinaces.

Diasnosis: Smaller in length, width, and with smaller, more closely spaced

thecae than D.m.modestus. Thecae number 15-17 in 10 mms. f!

Description: This subspecies shows little variation from the original,mater—;g‘

ial described by Elles and Wood. The usual length of the polypary is about

lem and the maximum width approximately 1¢5 mms. ;i
At the extreme proximal end the thecae number 17 in 10 mms and more dis- )

tally 15 in 10 mms. The characters of the thecae are similar to those des-

cribed under D.g.modestus but the distal thecae are less "orthograptid" anad

more "glyptograptid" in form.',  In short, the ontogenetic changes typified
by this genus are less well shown in this particular subspecies.

A short and slender virgella projects from the proximal extremity. The
sicula has not been seen.

Remarks: This subspecies is more common than D.m.modestus but is restricted

also to the M. atavus zone.

Material Seen: Specimens in Elles and Wood Collection, Sedgwick Mﬁseum, Cam-

bridge.

Diplograntus modestus tenuis subsp. nov.
Plate 1, fig.1l3; Plate 12,fig.1l; Plate 20, fig.8

Holotype: HUR./Sl—B/lB, a flattened but well preserved specimen.

Horizon of Holotype: Zone of M. atavus.

Derivation of Name: tenuis, L. fine, slender.

Material: Only one definite specimen, the holotype.
Description: The rhabdosome is 1.3 cms long but incomplete at its distal ex-
tremity. Since the specimen is both flattened and compressed at right angles
to the polypary the width should be exazgerated but still only reaches a max-
imin of 13 mms.

The sicula is not visible but a short, slender virgella similar to that

seen in D.m.diminutus extends below the proximal end. At the level of the

first thecal pair the width is 0+52 mms. The most proximal thecae show

distinet, but small, excavations but at 5th - 7th thecal pairs they are al: .

[
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ready beginning to look more "glyptograptid" in form. Distally the thecae
are typically those of flattened "orthograptids".

At the proximal end the thecae number 14-15 in 10 mms, decreasing dis-
tally to 11-12 in 10 mms. .

Remarks: This subspecies is probably closer to D.m.modestus than D.m. dlmlnutus

in view of the similarity of the thecae and their: change throughout the poly~ ;

rary. It differs in being far more slender.

e ?Diplograntus rarus sp. nov.

Plate 14,fig.4; Plate 20,fic.9

Holotype: HUR./1Bi/139, a long, complete flattened specimen.
Horizon of Holotyves Zone of M. atavus.

Derivation of name: rarus, L. thln.

Material: One complete spe01men, the holotjne, and other fragments of both
proximal and distal regions.

Horizon and localities: Zone of M. atavus; Birks Beck (1Bi,2Bi).

Diagnosis: Rhabdosome up to 1% cms 1ong, slender, and w1th an attenuated
periderm.  Proximal thecae with relatlvely deep excavatlons, distal thecae
def1n1te1y "orthorrapt1d", alternatlng and w1th no.51gn of a s1gm01da1 curv-
ature. Robust ydistally pTOJeCtln&, nema and nrominent, robust v1rce11a.
Thecae number 13- 10 in 10 mms. - ' ’

Descriptions: The most strlklnv feature of the rhabdosome 1s the attenuated
periderm whlch, upon compression, produczs the merest fllm in the rock. dIt

stronnlJ recalls Orthograntus attenuicutis sp. nov. 1n thls respeot. The

nema on the other hand is strongly ch1t1nlzed for 1t 1s the most conspicuous
feature of the rhabdosome, runnlng the full length and then proaecting dis~
tally. The virgella though short, is also robust and together with the
fifst few thecae and the nema seems to be more strongly chitinized than the
rest of the polypary.

; A sicula has not been seen. Up to the 5th thecal pair the sigmoidal
‘curvature is conspicuous and the excavations deep, rather than long. The

thecal apertures in this region are almost opposite and approximately horizOnw

tal. The thecae number 13 in 10 mms.
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Distally the thecal change is quite complete. The apertures are dist-
inctly everted and alternating whilst the thecal tubes show no sign of sig- i
moidal curvature. Overlap is less than one third and the thecae number 10 {
in 10 mms. oo o i é

Remarks:s This form has been included in the genus Diplograptus on the eviden

ce of the eomplete change of proximal to distal theca characters - the latter |
being "orthograptid". It should be pointed out, however, that the proximal
excavations are similar to those borderline cases (mentioned by Packham 1962)i
between "climacograptid" and "diplograptid". :

?D.rarus sp. nov. is quite unlike any of the described species of Dinlo~ |

gravtus (or Glyptograptus)and is a relatively rare form. Occuring on the

same slab as the holotype is a specimen of 7D.sp. A.

Dinlograptus sn. A

" Plate 1, fig.16; Plate 15,fig.3

Materials A few flattened specimens.

Horizon and Localitiess Zone of M. atavus;v Birkd Beck (lBi,ZBi).

Descrintion: This form appears to bear the same relationship to D. modestus

diminutus as D.m.tenuis subsp. nov. does to D.m.modestus. It is more slender,

reaching only fractionally over lmm in breadth and has 15-16 thecae in 10 mms
throughout its length. The thecae are also more unlform throunhout as in

D.m.diminutus, althounh there is a certain amount of doubt about their nature

since it cannot be ascertained from the materlal whether the thecae are "elima
acograptid" liks, or whether they are "glyptograptig" throughout with merely
a slight change in sigmoidal curvatute.‘ The extreme proximal end, hovever,

is very reminiscent of D.m.diminutus.




genus GLYPTOGRAPTUS Lapworth, 1873

Type snecies: Diplocrapsus tamariscus Nicholson, 1868.

Generic diacnosiss Thecae with moderate to gentle sigmoidal curvature, apert-

ural margins commonly undulate, horizonital, or everted; supragenicular wall
vertical or inclined away from the axis; infragenicular wall immediately
below the geniculum is inclined at less than 45° to the axis, (this last feat~
ure is an arbitrary line drawn only for the sake of convenience); gradual
change in the degree of sigmoidal curvature of the thecae may take place along
the rhabdosome ~ becoming less sigmoidal distally - but the extremes of clima-

cograptid and orthograptid are not seen.

Glyptograptus tamariscus tamariscus (Nicholséh)”‘
Plate 18, fig.2,6,5

1868 Diplograptus tamariscus Nicholson, p.526, (pars)P1.19,figs.10,11,713,
. .. (non 12).
1907 : " (Glyptograptus) tamariscus, Nicholson. Elles and Wood,
pp.247-248(pars) text figs.167a-c(non d), P1.30,fig.
; : 8a (non b-d). . ?
71924 " tamariscus Nicholson. Hundt. Pl.1,figs.38-40. i
7?1934 Glyptograptus tamariscus Nicholson. ng’p.76,Pl.6,figs.la—f.
?1949 Diplograptus (Glyptogréptus) tamariscus (Nicholson). Obut pp.14-15,
, o Pl.1,figs.ba-b, -
1962 Glyptograptus tamariscus tamariscus (Nicholson). Packham pp.504-6,
text figs. 1g-j,m-u,P1.71,figs.1-4,11,13.

References of more doubtful synonymy can be seen in Packham, 1962, p.501,
p.504.

Lectotype: Nicholson (1868) P1.19,fig.10.

Material: About 50 specimens in varying states of preservation, either flattep



ed or in full relief.

Horizon and localities: Zone of P. cyphus to M, sedewickis; Spengill (7S59-13,
S24-28,832-36,S73,11+4 - S94,7+4); Birks Beck (9Bi.6Bi); Pickering Gill "
(?14P); Watley Gill (5Wa,?6Wa,11Wa); Birks Beck(?2Bi).

Diasnosis: Rhabdosome "thorn-~like'", usually quite short, maximum width 1.3

mms in flattened specimens, or specimens in low relief compressed at right
angles to the polypary. Thecae alternating, excavations both long and deep
infragenicular walls typically glyptograptid, supragenicular walls inclined
and the whole polypary slightly tapering. = 15-9 thecae in 10 mms,
Description: The Cautley specimens differ in no way from the material des~
cribed in detail by Packham (1962). Since the material is not generally
well-preserved, however, his forms A,B, and C, have not been easy to recog-

nize. The specimen figured on P1.18 (fig.2) is close to G.t.t. form B,

and has 15-14 thecae in 10 mms at the extreme proximal end decreasing to 11
in 10 mms at th.4-5. Pig.6,(P1.18) closely resembles G.t.t. form C in

having a thecal spacing of 11 in 10 mms at the proximal end and 10 in 10 nms

at th.4-5, though its stratigraphic level is a little lower than recorded by
Packham.
Remarks: Packham recorded G.t.t. form A from the lower beds of the total

range of the species but it is in these beds at Cautley that the specimens
are least well preserved and forms definitely assignable to form A have not
been identified.

Vaterial Seen: Sedgwick Museum Collection, including Packham's (1962) figur-

ed specimens.

Glyptooraptus tamariscus angulatus Packham
- Plate 2, fig.T .

1962 Glyptograptus tamariscus angulatus subsp. nov. Packham p.510-11,text
figs.3a-c,Pl.71,figs.7-8.

Holotynes Specimen figured by Packham 1962, P1.71, flg 8ytext flg.3b.
Material: One flattened specimen, almost complete.
Horizon: Zone of P. levtotheca; Birks Beck (6Bi).

t
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Deseription: The polypary is 7*5 mms long and widens steadily from 0¢39 mms

to 0+58 mms distally, so that it 1is almost parallel-sided.  There are 9 the-

cae in 10 mms throughout the rhabdosome. Thecal excavations are deep (about

one-half the width of the polypary) and the supragenicular walls long (average
0+78 mms), whilst the geniculum of each theca is abrupt. The interapertural

distance is a 1ittle over lmm.

Remarks: This specimen agrees very well with Packham's original description.

Tt giffers from G.1.tamariscus in being too narrow, particularly for a flat-

tened specimen, in having deeper excavations and in ifs lower thecal count.

From G.t.distans it can be distinguished by its more angular geniculum and

its deep excavations. |
Material Seent Sedgwick Museum Collection of gaterial figured by Packhanm 1962;

Glyptocraptus tamariscus livearis (Perner) -

Plate 15, fig.6; Plate-19, fig.4

1897 Diplograptus tamariscus Nich. var. linearis Perner, p.4,text fig.?2

-~

oo (ePL.9,fig.23).

1907 " 4(G1yptograptus) tamariscus Nicholson. Elles and Wood
pp.247-8,(pars) P1.30,fig.8¢c (non text figs.167a-d,P1.30,
figS.a,b,d). . ,

1962 Glyptograptus tamariscus linearis Perner. , Packham pp.506-T,text fig.
1v,P1.172,fig.8.

For ofhef references of more doubtful synonymy see Packham 1962,p.506.
ieétAtiﬁé:msbééimen figured by Perner 1897 p.4,text fig.2.
Material: Two specimens in relief, but weathered. .

Horizon and lLocalities: Zone of M., convolutus; .Watley Gill (9Wa).

Rhabdosome long, parallel-sided, tapering quickly at the extreme

Diagnosis:
proximal end. Maximum breadth 1°56 mms.,;ﬂihgga1USpacing 13-9 in 10 nmms.,

D(ﬂescrimtiont The rhabdosome is long and parallel-sided. One distal fragment
has a length of nearly 4 cms whilst the proximal end (fig.6,P1.15) widens to
1¢3 mms within 6 mms of the base of the polypary. -
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The sicula is not seen. The ¥@verse aspect of the proximal end has a
complete septum which suﬁvects that it will probably be complete for the rhab-
dosome as a whole. The first few thecae number 13 in 10 mms but this falls
~to 10 in 10 mms by th.6-7 and distally is about 9-95 in.10 mms..

The thecal excavations are characteristically deep (over one third the
rhabdosome width)‘and'long. . The apertural marzins are horizontal. Overlap
is very small.

Th.1(1) opens 0°65 mms above the-base of the polypary and th.1(2) at
0*91 mms above the same point. The full length of th.1{(1) cannot be deter-

mined since’ the sicula and downward-growing portion of the first thecae are -1

not seen.

Remarks: This subspecies was recorded by Packham (1962) from the Zone of

) cyphus whereas Perner's original specimen is from M. convolutus Zonpe.

The only difference between Packham's specimen and the Cautley specimens is

that the latter have an initial thecal spacing of 13 in 10 mms.

Material seent: Specimens in Sedgwick Museum figured by Packham(1962).

Glvntocrantus tamariscus aff varians Packham
Plate 18, fig.9

11962 Glyptonruptus tamariscus varians subsp. nov. Packham pp.509-10, text
' : ' flgs la-f,P1.71, flbs.lll -17.

‘Holotyne: Specimen fisured by Packham 1962, P1.71,fig .,,text fig.1d. ‘ i
Materials One specimen flattened. ) S ’

Horizon and Locality: Zone of P. lentotheca; Birks Beck (6Bi). |

Descrivtion: This specimen is a fragment 5+85 mms long with a maximum breadth
"of 0.78 mms (flattened). The periderm is very thin and the nema prominent. |

The thecae number 10 in 10 mms. and the thecal excavations are deep and long

the genlculum is flowing rather than anﬂular.-

Remarks: The specimen is very close to C.t.varians Packham, and resembles
his text flg.lf eSpe01a11y in the nature of the thecae and the general dim-
ensions. - ‘ ‘ T S R !

Material seen:‘Specimeﬁ figured by Packham 1962, text fig.lf and others,
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Glyntoeraptus packhari sp. nov.
Plate 2,figs.5,65 Plate 16,fig.6

Holotyme:t HUR./S73,11¢4/6, a proximal end in full relief, obverse view.

Horizon of Holotyne: Zone of M. sedgwicki.

Derivation of names After G.H.Packham author of "Some Diplograptids from the

British Silurian". o %
laterials Two specimens in full reliefy the holotype and a more distal frag-

ment., : : L : : j

Horizon and Localities: Zone of M. sedrwicki; Spengill (S73,11+4 and S80,8°4).§
Diagnosis: Rhabdosome slender, probably over lem long and reaching a width

of 0+78 mms. Thecae with gentle sigmoidal curvature, glyptogrartid,.number-
ing 10-9 in 1C mms and inclined to the axis at a very low angle.’ Sicula free ?
for almost the whole of its length (about 15 mms). Septum present. »
Descrintion: The form and size of the rhabdosome is highly characteristic.

It has an inferred length of a little more than lcm and a width (relief) of
only 0+78 mms (At the level of the aperture of th.1(1) the width is 032 mms.)

The sicula appears to be almost entirely free and is approximately 1+5
mms long.  Its apex reaches to the level of the top of th.1(2). Th.1(1) is
1.04 mms long and its aperture opens 0+4 mms below the apex of the sicula.

The thecae are, therefore, alternatiQéeéna ééﬁtinue to be so throughout the
volypary. o _

The thecal sPacing'increaéés‘disfalif to 9 in 10 mms from 10 in 10 mms
proximally. Thecal overlap is fractionally over one quarter in both proximal -
and distal thecae. The geniculum is flowing, and the supragenicular wall A
varallel to the axis and aprroximately 0¢65-0¢70 mms long in both proximal
and distal thecae. , R 3

The apertural margins are everted and in proflle view sometlmes aprear
very slightly concave. There is a slight narrowing of the thecal tube toward
the aperture. , o ‘ . . e

The excavation is long and shallow. . It occupies one third of the rﬁab;
dosome width in the proximal thecae but only one quarter dlstally.

A septum is visible on the whole of the obverse side but it is not pree—
ent at th.8(1) on the reverse side. In cross section the rhabdosome is ell-

iptical (seen at th.7(1) with the short axis of the ellipse in the plane of



the median septunm.

Remarks: In general appearance (. nackhami resembles (., tamariscus distans

Packham but it differs in the following points:-

a) In the presence of a median septum throughout the obverse side.

b) In its closer spaced proximal thecae (10 of 8-9 in 10 mms).

¢) In having a less angular geniculum to its thecae.

d) In being more slender at the extreme proximal end.

e) In the shorter supragenicular wall (07 max. cf 0.8 mms).
The two forms must be closely related however, sinée‘both the thecal and

rhabdosome forms agree very closely. ' v '
Packham (1962) records G.t.distans from the Zone of M. cyphus (Dobb's

Linn) and M. pgresarius (Rheidol Corge)whilst the Cautley species occurs in’

the Zone of M, sedswioki. If G. packhami is developed from G.t.distans then

the change would involve the growth of a median septum. Davies (1929) showeg
that in some climacograptids loss or reduction of the median septum occurred
in later representatives.

From G.t.anculatus Packham, G. DabkhamiAdifférs maiﬁ1y in beihg broader,

in its less abrupt geniculum, and in the narrower proximal end. G,t.acutus

Packham and G.t.tamariscus (Nich.) have muchvmore closely épaced thecae.

Glvptorsravptus aff incertus Elles and Wood
Plate 18, fig.3

aff

1907 Dlnlograntus (Glypto~raptus) tamariscus var. incertus var. nov. Elles
and Wood, p.249,text fig. 168a-b P1. 3o figs.9a-d.

1922 " tamariscus incertus Elles and Wood. Gortani p.104,P1. 17,

- Tig.24. o
71962 Glyptograptus tamariscus incertus (Elles and Woéd)..—Rohériz p.236,P1.
' | 22,fig.5. | o
1662 Glyvtograntus 1ncertus Elles and Wood. Packhah p§0518—9,text figs.4a-
d, Pl 72, flms = 7

Lectotvgé: The‘specimen figured by Elles and Wood 1907,'P1.30,fig.9c. refigur
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ed by Packham 1962, text fig.da, F1.72, fig.6.
Material: A single well preserved proximal end, together with others which

are less well preserved.

Horizon and Localities: Zone of D. macnus; Birks Beck (7Bi,8Bi).

Descriptiont This specimen has the general form and appearance of a proximal

end of G. incertus but is rather_bette? preserved than the material described

by the above authors. | |
The sicula appears to be almost completely free and is 1*3 mms long,

its apex extending fractionally above th.2(1), Th.1(1) emerges from the
sicula only 0.13 mms above its base and grows downwards for a distance of
G.26 mms before turning upwards and ovenlnn 0+68 mms above the base of the

polypary. The apertural marglns in this region are very slightly everted,

and are set in deep excavations. The thecae number 15 in 10 mms.
At the aperture of th. 2(1) the rhabdosome width is O° 7 mms. This incre-
ases to 1mm by the level of th. 5(1). A septum is present in the obverse

but not in the reverse view.

Remarks: Whilst the specimen avrees with G. incertus in the characters of

the thecae, as well as in the generalkproportlons and degree of sigmoidal

curvature, it has a slightly higher’thecal count. More specimens showing

the distal end are required before a definite comparison can be made.

Material seens Specimens in Sedgwick Museum, Cambridge.

Glyptogravtus ?enodis latus Packhan

Plate 16, fig.4

1962 Glyptograptus enodis latus subsp. nov. Packham p.518,text fig.de,fig.
20,P1071- —

Holotype: The specimen figured bvaaokham 1562 as fexf fig.4e,P1.71,fig.20,

the only specimen kmown.

Materials One spe01men in full rellef without nrox1ma1 end, from Zone of

D. macnus; Birks Beck.

Descriptions This specimen 18 7 mes long but has the proximal end mlssin@
b.

There are 10 thecae in 10 ms and at its distal extremltyv(abOut the llth

thecal pair), it is 13 mms broad. In the distal region the common
canajl
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occupies one half of the total width of the rhabdosome but proximally the

proportion is much less. '
The degree Of sigmoidal curvature is considerable but not climacograptid
and the depth of the excavations is rather less than one third of the rhab-

dosome width.
This form resembles G. enodis latus Packham in the rhabdosome width,

Remarks:

thecal count, and nature of common canal but differs in having rather more
sigmoidal curvature of the thecae, and a roughly circular cross section.

Furthermore there is a septum which may be complete in one view - presumed to

be the obverse view.

Glyptograntus cuneatus sn. nov.

Plate 3, fig.1l .

Holotvpe: HUR./14P/20, the only specimen, complete and well preserved, but

flattened.

Horizon: Zone of P. cyphus, Pickering Gill (14P).

Derivation of name: cuneatus, L. wedge-shaped.

The rhabdosome is flattened and slightly compressed at right

Descrintion:

angles to its le
6+25 mms and the thickness, distally, lmm. = At the level of the aperture of

nzth, with consequent increase in thickness. The length is

th.1(1) the width is 0-5 mms and the maximum width is achieved in such a
marmer that the whole polypary is wedge-shaped.  The sicula has not been
detected with certainty. A short, fine virgella projects from the proximal
extremity.

The thecal spacing is constant at 15 in 10 wms.  The geniculum is prob-
ably not as angular as it appears in the sreeimen since it will have been
accentuated by compression. Nevertheless it does not approach the climacogr-
aptid degree of angularity. — The suoragenicular wall is inclined away from
the axis and averages 0¢52 mms in length. The excavation is only 0+2 mms
deep throughout the specimen and consequently only occupies a small proportion
of the width of the distal part of the rhabdosome.

Bemarks: In this las® respect, as well as in general form, this species is

similar to G. I tamariscus mut. fastigans Haberfelner, and Packham's G,sp
:85p.cf




G.t. fastigans., On the other hand the thecae are closély svaced and the
rhabdosome is less tapering than both forms. G, cuneatus sp. nov. has a

less robust polypary than Packham's specimen.

L

Glyptograptus sinuatus sinuatus: (Nicholson)
‘Plate ‘16, .fig.5 v -~ -

1869 - Diplograptus sinuatus, Nich. Nicholson p.235,P1.11,fig.11.

1897 - " (Glyptograptus) sinuatus, Nich. Perner p.5,P1.9,figs.9-12,
_ co text figla3. T :
1907 " " S "+, Nicholson. Elles and Wood pp.255-
. Tytext fige.175a-b,Pl.31,figs. ba-c.
1924 . " sinuatus Nicholson. Hundt, Pl1.2,figs.2,3.
1945 " (Glyptograptus) sinuatus Nich. - Waterlot. P1.16,fig.199,P1.9,
fig.140.

1962 Glyptograptus sinua@ugH(Nichqlspn).w“Romariz p.236,P1.22,fiz.4.

Material: Many specimens, mostly in full relief.

Horizon and Tocalitiess Zone of M. trianrulatus to P. leptotheca; Spengill
(S24-28 to S36-39,7)3; Watley Gill (5Wa); Birks Beck (9Bi,6Bi).

Diapgnosis: Rhabdosome between 1 and 2 cms long, initially relatively narrow,

then widening to 2 mms (relief). :: Virgella and nema conspicuous when pres-
erved. . Thecae 15—10 in 10 mms, alternate with strong sigmoidal curvature,
suprageniéularawalls inclired, geniculum flowing, thecae inclined at 30°..
Descriptioh; The form of the polypary is very distinctive in being broad,
short, and with an initial portion of relatively narrow width which flares
after th.4(1)~f6 143 mms and ultimately, more gradually, to Zmms.’ At ‘the -
1evé1 of the aperture of th.1(1) the width is 0+52 mms.  *Both a virgella
and nema are often present and each may measure more than 10 mms. = Both are
very slender. ’ o »
At the extreme proximal end the thecae number 15 in 10 mms, and 14 in
10 mms at th.4(1). Immediately after this narrow portion there is an in-
crease in the size of the thecae, in their angle of inclination to the axis,

and in the thecal spacing itself which falls to 13-10 in 10 s . CAfter 4
0,




9(1) or thereabouts the thecae are spaqed 9onstant1y at 10 in 10 WIS o It

is interesting to note that the septum begins on the reverse side after the

initial narrow portion, and not immediately as it does on the obverse side.
The distal thecae are distinctly sigmoidal: but are inclined to the axis

at approximately 309, whilst the initial thecae, by contrast, are inclined at

a low angle and show a certain resemblance ito those of G.tamariscus tamariscus

———

They differ, however, in having shorter, narrower excavations.

The distal thecae expand as the aperture is approached giving the supra-
genicular wall a slightly rounded appearance. - The actual thecal margin has
a distinct lip caused by slight outward growth at this point. Overlap is
pronounced distally (one half) having increased from one third in the prox-
imal region. The thecae secem to show torsion of the thecal axis but the
actual amount and kind cannot be estimated in the writer's material.

Remarks: G.s.sinuatus is a very distinctive fossil and can only be confused

with G.s.crateriformis subsp. nov. (described below) from which it differs

in the points enumerated on p.

Glyptograntus sinuatus crateriformis subsp. nov.
Plate 16, fig.3

Holotype: HUR./S75,9-4/74, a specimen in full relief; somewhat pyritised so
that the proximal extremity is destroyed.

Horizon of Holotyne: Zone of M. sedewicki.

Derivation of names crateriformis, L. cup-shaped.

Materials 3 specimens in full relief, but incomplete. .

Horizon and localitiess Zone of M. sedswickis Spengill (575’9.4).

Diacnosis: General form and size very similar to G.s.sinuatus but thecae in-

clined at a lower angle even in the distal parts and the thecae more videly
spaced (10-8 in 1C mms). - Maximum breadth 2 mms. Thecae strongly sigmoidal,

alternate, mpertural margins slightly everted and expanded into a lip or flan<

_ ge. _
Descrintion: The proximal end of this subspecies is not known. The distal

fragments in all their general characters as well as thecal form agree with

Nicholson's species but the two can be distinguished on the following grounds.
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a) The thecae of G. sinuatus crateriformis are widely spaced distally (& inlO

mms) and even near the proximal end number 10 in 10 mms.

" b) The thecae are inclined to the axis at only 20°.

,c)(Thg amount of overlap is less and the thecal tubes appear altogether more
robust. B i

d) The ‘degree of expansion approaching the aperture, and particularly the
. apertural lip or flange, is much.greater. ‘

Remarks: Only a few specimens have been obtained but they are sufficiently

distinct to warrant description as a new subspecies. Elles and Wood (p.257

and p.520) restrict Q.s.sinuatus to their zone of M.srerarius and in view of

its obvious affinities it is probable that G.s.crateriformis subsp. nov.

has developed from the earlier form.- "

Material seen: Specimens in the Sedgwick Museum labelled Glyptograntus of

sirmatus (423692 a and b, A23691) seem to be synonymous with G.s.crateriformig

subsp. nov, They are recorded from the "M. cyphus Zone, Great Rundale Beck

Cross Fell Inlier". - : a

Glyptosrantus sn.l
- Plate 18, fig.8

Materialt A4 single flattened specimen, HUR. /1Wa/37 and counterpart HUR/lWa/22

Borizon: Zone of A.scuminatus; ' Watley Gill (1Wa).

Descriptiont The rhabdosome of this specimen is nearly 6 mms long and lmm

wide, though this latter figure is increased by flattening and stfong compres-
sion. = The periderm is very thin but a conspicuous feature is the presénce
of a strongly chitinized nema which swells dlstally and projects beyond the
end of the rhabdosome.’ R ' ' '

The thecae are distinctly glyptograptld and number 14-12 in 10 mms. A
short virgella can be seen. - o
Remarks: The specimen is.imperfectly preserved and no comparison with other

described species is made at the moment.




Glyptosrantus sn.2

Plate 18, fig.4

Material: A single specimen almost flattened.

Horizon and locality: Zone of M.sedewickis Spengill (S80,8-4).

Description: This specimen is a glyptograptid of tamariscus - like arpearance
which differs from those described above in having its thecae very closely
spaced and in the presence of a very stout virgella. . The thecae number over
20 in 10 mms and the virgella actually swells slightly in the part most re-
moved from the proxiﬁ;l end.. :

The specimen is almost flatt;ned and is compressed obliquely to the len~
gth of the rhabdosome. The latter has accentuated the angularity of the
geniculum in the thecae of the first series, but does not seem to have greatly
increases the thecal count. 7

In spite of the distortion of ‘this specimen it resembles (. serratus
Elles and Wood and may represent a proximal end of this species. The distal

parts are not seen but after 4 mms a thickness of lmm is reached.

Glyptosrantus sp.3
Plate 16, fig.T7

Materials A single specimen in full relief but with the proximal end umissing,
HUR./S75,9+4/153. A 4
Horizon and Locality: Zone of M. sedowickis ‘Spengill (S75,9+4).

Description: The rhabdosome is small and reaches a width of 0+82 mms. ¥hen
complete its length is probably 5-6 mms. - The thecae show typical glypto-
‘graptid sigmoidal curvature with the infragenicular wall inclined to the axis
at.-about 40°. - The distal extremity of the supragenicular wall is inclined
away from the axis and measures approximately 0e78 - 0«90 mms in length.
The geniculum is angular.

Each theca has a maximum lensth of 1.5 mms and a slightly everted apert-
ural margin. The thecae which number 9 in 10 mms are strongly alternate in
their arrangement and the common canal extremely narrow.

Remarksk The strongly alternate arrangement of the thecae sugzests affinitieg
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with G.tamariscus tamariscus. but the wide spacing of the thecae so close to

the proximal end differentiates this ‘specimen from that SHbS“GCleS.

From G. t.distans, G.t.anculatus, G.t.acutus and G.t.varians it differs

in having an inclined supragenicular wall.

Glyotoprantus sn.3 is almost certainly a new form but more material is

required before a diagnosis and detailed descrlptlon can be given.

?Glyptograptus sp.A "
Plate‘#, fig. 8; Plate 16,fig.2

Material: Several specimens in full relief, but fraﬁmentary.

Horizon and Localities:.Zone. of M. trlangulatus; Watley Gill (6Na)

Descriptions This form is retained, doubtfully, in the genus Glyptocsraptus

on the grounds that the geniculum, though angular, is not quite climacograptig
in form and that the supragenicular wall is unusually bent,

This latter phenomenon is the most characterlstlc feature Sf'the thecae.
The sﬁprageniéular wall cdhtinuesfto grow upward from the geniculum but it is
inclined slightly inwards towards the axis so that the thecal tube becomes
constricted aévthe anerturé is anuréached. f=Immediafef& beyond this constrictw
ion, however, there 1s a sudden expansion of ‘the tube produc1n a broad‘aperf-
ure which is also strongly everted. B '

The rhabdosome reaches a width (in Telief) of 1°7 mus’ and even proximally
is quite robust (0<8 - 0+9 mms at level of th.1(1)). Proximally the thecae are!
spaced at 9% in 10 mms and distally at 8% in 10 mms. The degree of overlap |
is approximately one half the length of the thecae.

Remarks: The characters of the thecal tubes annear to be unloue; the‘only‘

species possibly having similar thecae being ?Clnmacoarantuq retTOVerquq sp.

nov. (see . ). The two are possibly related. Lot




genus ORTHOGRAPTUS Lapworth, 1873 : .
(= Cystograptus, Hundt 1942; Glossograptus Ruedemann, 1947
partim (non Emmons, 1855); Rectograptus Pribyl, 1949)

Type species: Graptollthus quadrimucronatus Hall, 1865

Generic diagnosis: Thecae straight throughout the length of the rhabdosome

though occasionally very slight sigmoid curvature; paired apertural spines

in one group, large basal spines not uncommon.

1868

1869
1874
1876

1877 .

1907
1933

1945

Orthozrantus vesiculosus (Nicholson)

Plate 3,fig.3; Plate 15,figs.1,2,3

Dlplograpsus ves1culosus Nlcholson pl 3 flg.ll

1" ‘ " n P. 237 Fl. 11 flgs 14-15.

oo " Dairon p.183,Pl.1,figs.20
Diplograptus . " . Nich. TLapworth P1°2,fiﬂ.41.
1" ] " on . Pl 6 flg.19

1"

(Ortho*raptus) ve31culosus, Nich. Elles and Wood pp 229 231,
text fig.15la-f,P1.28,figs.8a~d. .

Dlnlocrantus (Orthonraptus) veslculosus Nlcholson. Sun p. 25,?1 4,figs,

4a-b

) " " " Vaterlot P1.11,fig.153
e e - - h ) . » {

Materials Over 30 specimens, all flattenéd, all growth stages represented.

Horizon and Localities: Zones of M. atavus to P. cyphus; Spengill (S81-5 to

$13-17, ?517-20); Birks Beck (1Bi); Watley Cill (1Wa,3Wa); Pickering Gill

(14p).

Diagnosis: Rhabdosome long, broad w1th a prorlnant v1rre11a and a character-

istic vesicle. Sicula large, thecae about 10 1n 10 mms. .

Description: All the diagnostic characters of this form are greatly altereq

by compression (see Pl.15,figs.1-3) but the rhabdosome is usually broad ang

over 2 cms long.

i

—— . kA ARV Sk ey 4



The orthograptid thecae in flétteﬁéd specimens are best seen in the young
stages of growth. Th.l grows downwards to the base of the'éidula, or beyond
before growing upwards (Pl 3,fig. 3). The sicula in the Cautley specimens is
at least 6 -5 mms long and th. 1, whlch orlglnates 2 mms above the base of the
sicula, is fully 25 mms in 1en”th.

Distal thecae usually have their characters obscured in Flattened mater-
ial and the pseudo—"biscélarif&rm" views mentioned by Elles and Wood are com-
mon. ' o - - - |

The virgella is 1ong and u5ua11y about 5'mms. A vesicle is develbped
and in the Cautley speciméns thié ﬁsuaily be}ins withih fhe fhébdosome. It
is clearly visible for example in fig.1 (Pl 15), but distal extremities which
show it extendlng beyond the rhavdosome have not besn observed with certalnty
Remarks: This speoies was flrst reported from Cautley by members of H.M. Geol-
ogical Surveyb(DaPyns et.al. 1891).  Elles and Wood on 1p.230 state that the
Lzake Dlstrlct Spec1mens are usually poorly pre°erved but the Speclmens fig-
ured here are in good condltlon. (cf. P1. 15,flgs 1~ 3, with Elles ana Wood
1907, text figs.la-f). -

To judge by the figures of Elles and Wood (P1.28,figs.a-d) there is a
certain amount of vafiabilitjlin the breadth df the rhabdosome. The‘Cautley
spe01mens anproach the narrower vamante but are’ dlstlnct from Q.Vv.menna El]es
and Wood. ‘ ' ' \ ' '

Material seent Specimens in Sedgwick Nuseum Collection, Cambridce.

' OTthograﬁtus cyperoides (Tornquiét) -
Plate 20,fig.6

1897 Dlplograntus cyreroides Tornquist p.16,P1l.2 flgs 30-32.

1907 on (Orthograptus) cyperoides, Tornguist.” Elles and Wood,
pp.238-9,text fig.158a-b,P1.29,figs.Ba-c.

1924 " cyperoides Tornquist. Hundt, P1.1,fig.50.

1945 " (Orthograptus) cyperoides Tornq. Waterlot P1.11,fiz.160.

Material: Several specimens in relief.

Horizon and Localities: Zone of M. triancsulatus, ?Zone of V. convolutuss
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Spengill (S36-39,7); Watley CGill (5Wa,?9Wa).
Diacnosiss Rhabdosome short and narrow with a characteristic proximal region
and a relatively 1ong-sicu1é.
Description: The maximum length noted for the polypary of this species is
about 6 mms, and the maximum breadth (low relief) is 1.3 mms.

A remarkable feature of 0. cyperoides is its sicula of 2+3 mrs length,
which reaches to the level of the 3rd thecal pair. At its base the sicula

is 0¢15 mms broad and is, therefore, almost 15 times longer than it is broad.
The thecae are sinple overlapping tubes, reachirg a maximum length of 1.3

mms distally and overlapping from one third to one half their length. Throu~ §
ghout the rhabdosome the thecae are slightly alterrating. . In the obverse
view a septum extends the whole length of the polypary but it has not yet been
determined whether it is equally developed upon the reverse side.

Remarks: The Cautley specimens agree in mnost respects with other described
British material (Elles and Wood 1907) but have the thecae rather more closely i
spaced at 14 in 10 mms (ef.12 in 10 mms for .the Scottish and Welsh raterial)
and 7:a breadth slightly in excess-of lum. Like this material the writer's
specimens have a septum which may be complete and are therefore a little diff-
erent from Tornguist's Swedish specimens. The form briefly described below

as aff. cyperoides however  has no septum at all.

Material seen: Specimens in Elles and Wood Collection, Sedgwick Museum, Cam-

bridge.:

" Orthocrrantus aff cyveroides (Tornquist)
| Plate 20,fig.5

aff.
1897 - Diplograptus cyperoides Toernquist p.16,P1.2,fTigs.30-32.

Material:s A single specimen (HUR. /836 39 7/303 presarved in relief in pyrites
but weathered out leaving a mould. ‘ .
Horizon: Zone of M. trlanculatus, Snenvill (S36-39,7).

Description: ThlS upec1men has the proximal end obllterated but must be less
than lem long. It 1s almost parallel -sided w1th a maximum w1dth (full rellef\

of 1mm.
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The thecae are simple, stralrht tubes about 1lmm.long which overlap for
one thlrd of their length. The thecal count shows 13 in 10 rms. There is

no trace of a septum.

Remarks~ This form is very close to the previous species and, may be an extre~ i

me variant of it.

Orthosraptus bellulus (Toernquist)
Plate 15, fig.4

1890 - Diplograptus bellulus Toernquist p.28,Pl.1,figs.25-29.

1893 " " " p.10,fizs.42-44.
1897 " " "o Do pol?,Pl-?,fng.20‘25o . . ;
1907 " (Orthograptus) bellulus, Tornquist. Elles and ¥ood pp.231-2,

text fig.152a-c,P1l.29,fig.2a-e.
1924  Diplogreptus bellulus Tornquist. Hundt Pl.2,figs.l4-16.
1945 - " © (Orthograptus) bellulus Torng. Waterlot P1.11,fig.158.

Materials A single flattened specimen with proximal end missing, together Wit}

other more doubtful specimens.

Horizon and Locality: Zone of M, convoiutus gnan. lentotheca; Watley Gill
(11wa); Birks Beck (5Bi,6Bi). -

Description: This specimen has the typical rhatdosome and thecal form of
Toernguist's spécies;“ The fhéﬁdésomeyis:figftened and compressed at right

angles to its length thereby increasing its width to 2+5 mms, At the same
time the density of the thecae has been 1ncreased to 15 16 1n 10 mms. The

total length of the rhabdosome is probably about lcm, and the thecae, despite
compression are distinctly orthograptld.

.¥aterial seen: Specimens in Sedgwick Museum Collection, Cambridge.

Orthosrantus attenvatussp. nov.
—

Plate 3,fig.2; Plate 205fig.7

Holotzg : HUR. /14P/7, the only sp901men, preqerved as a fllm in dark grey

shale, complete and well preserved.

N




Horizon of Holotype: Zone of P. cyvhus; Pickering CGill (14P).

Derivation of name: attenuatus,l. attenuated refers to nature of periderm.

Desorintion: The rhabdosome has a length of 5+46 mns and widens steadily from
0.5 mms at the level of the first thecal pair to 1.17 mms distally. It is,
therefore, wedge shaped. Eight thecae are developed in each series and these
are distinctly orthograptid in form. _ ' ‘

4 sicula can be detected, and though not accurately mea(uraole, it is
certainly less than 1mm long and probably reaches to about the level of the
distal extremities of the first thecal pair.

Throughout the rhabdosome the thecae number 15 in 10 mms and overlap for
approximately half thei; length. The apertural margins are more or less .
horigzontal. ~ |

A nema projects beyong the distal extremity and can be traced down to
the sicula as a thicrening chitinous thread. . No septum is apparent though
in such a flattened Specimen it could have been obliterated.

By comparison with other fossils on the same slab it can be seen that
the chitinous test is extremely thin.

Remarks: The tiny wedge-shaped polypary and attenuatcd reriderm serve to dis-~
tinguish this form from other orthograptids. The close thecal spacing is

also a diéﬁinctive feature.

Orthograptus cf. insectiformis (Nicholson)

Plate 18, figs.10,11.

1869 Diplograpsus insectiformis Nicholson p.237,P1.11,fig.13.

1876 Diplograptus LR Lapworth P1.2,fig.40.

1877 S " M P16, 32015,

1907 " (Orthograptus) insectiformis, Wicholson. Elles and Wood
vp.228-229,text f£ig.150a-c,P1.28,fizs.Ta-c.

1924 n - insectiformis Nicholson. Hundt P1.2,figs.20,%Z1.

1945 | n  (Orthograptus) insectiformis Nick. Waterlot P1.10,fig.150.

Materials 3 specimens, flattened.

Horizon and Locality: Zone of M. convolutus; - Watley Gill (11Wa).



Diarnosis: Rhabdosome short, relatlvelv broad, w1th a prominent and robust
virgella, and spinose thecae numberlng 20-15 in 10 mms (compressed).
Description: This spe01e is almost ccrtalnly the same as Nicholson's but

the state of preservatlon does not nermlt a full ascessment of the biocharac-
ters. o : B ,
o The 1en§th of the, rhabdosome; exclﬁdiﬂv tke virg;iié; is about lcm
though the specimens may be 1ncomn1ete. A Width of 1+5 mms is achelved but

is probably accentuated bv a comblnatlon of flattenlno ana comrre°s1on. (value

- -

exclusive of Splnes> . : :
The sicula cannot be detected but a robust virwelia exfends for‘5)ﬁms‘

be]ow the proximal end. Thecal spacing is clearly reduced by stronw compres-

sion and at the extreme proximal end the thecae number aoout 20 in 10 mms.

Distally this value falls to 15 in 10 mus. Each theca throu hout the rhab-

dosome is provided with a s*lne. } Tne mode of OTl”ln of tbe snlnes oannot

be determined and it is unfortunate that the 11neat10n 1n the rocx is naralle]'

to them. This has the effect of obscurlng both the detall and lenwth
From the size of the polypary, the shape and snlnose nature of the thecae;

the Cautley spe01nens seem closest 1o 0. Jnseotlformls (Nlch )

Material Seen: Specimens in H.M. Geolo~1cal Survey Collectlon.

subfamily PETALOGRAPTINAE Bulman 1955

genus PETALOGRAPTUS Suess 1851
. (pro Diprion Barrande 1850 and Petalolithus Suess,' 1851)

Tyne Species: Prionotus folimm Hisinger, 1837; SD Lapworth 1873.

Ceneric diasmosis: Rhabdosome foliate, thecae at a considerable angle to axis

of rhabdosome. Thecae long, nearly straight or with gentle ventral curvat-
ure, with large overlap;: th.1(1) and 1(2) with pronounced upward direction
of growth, leaving sicula much exposed; in cross section rhabdosome is ex-

acceratedly rectangular; septum partial or absent,
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Petalorraptus ovatoelongatus (Kurck)
Plate 3, fig.5 '

1850 . Graptelithus palmeus Barrande P1. 3, fig,7.
1851 .Petalollthus nalmeus Suess Pl. 8 fig.1.
1868 Dlplovraptus palmeus Nicholson p.523, Pl 19sf18-2 -3,

1876 " " Lanworth P1.1,fig.27.
1882 Cephalovrantus ovato elonmatus n.sp. Kurck p.303,P1.14,fig. 10,’
1890 Dlplovraptus " " Kurck. Geinitz Pl.4,fig.40.
1897 Petalograntuq palmeus var. ovato- elonwatus Furck. Elles p.197,P1.14,
' - firs.11-14.
1908 o v o " " Elles and Wood pp.277-
o - | D) text fig.19la- C,Pl 32,fig.4a,%4b (non Ac—d)
?1908 " o , var. latus, Barrande, Elles and Wood pp.275-6

) pars) text fig.189a-c,P1.32,fig.2c-f (nona-b).
?1919 Diplograptus (Petalograptus)kfolium var. ovato—elongatus Kurck. Kirste
: o p.130,Pl.1,figs.30a~c.
21920 ‘h - ' - "o var. latus Cortani p'23 P1.1, fiv 36.
?1941'Pet31011thu$ pvato~e}ongatus (Kurck) Boucek and Prlbyl pp 2-5,text
fig.la- e,Pl 1 flgs 1-2,
1945‘Petalograptue palmeus var. ovato-elongatus kurck _ ﬁaﬁerlot P1.19,fig.

231.

non.
1897 Diplograptus palmeus var. ovato-elongatus Perner p.6,Pl.9,fig.6,8.

¥aterial: 2 good specimens in full relief, preserved in pyrites. One showing

the 81cu1a. . o .
" Horizon and LocalltJ. Zone of M, triancsulatus; Birks Beck (9Bi).

Descmlgtuon’ The rhabdosome is robust and dlstlnctlJ ovato elonvate in form
A maximum breadth of 4.3 mms is reached in the ovate portlon of the polyparJ
and the species narrowq to 3¢25 mms in the elonnate rortlon. . The length is
lem. ~’ ‘ | (

The s1cu1a is 2 ms long and 1ts anex reaches the 1eve1 of the apertures

of the first thecal pair.  Th. 1 is 2- 5 mms lon> and subsequent thecae, thougk
about the same length, grow out at a high angle to the axis thus 1nc~eas1nn

the width since th.l is pressed to the sicula for 0.8 mms of its lengtn,
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All the thecae Qhow a mean apertural eyn%n51on to 046 S . The apertural
margin 1tse1f is concave in profile view and the ventral margins of the thecae
are also concave. In cross section the thecae are rectangular. Thecal sp- ;
acing is close (13-15 in 10 mms) at the’ nrox1mal end, but decreases to 12 in j
10 mms distally. The angle of inclination also changes from approximately %
50 nroxnmal]y to aoout 300 dlstally (See fig.5,P1. 3). All the tbecae have l
growth segments whlch are rather broader in the dlstal than tne nroxlmal the- !
cae, and also in the anertural rather than the axlal region. They number
approx1mate1y 35 to each theca. ' ' o : : o

"' The septum in one specimen is complete and in the other (obverse view)
een only be partial or may be absent entirely.

Remarkss -The specimens described here asree with RKurck's original specimen in
havinéban evato-elongéte ‘outline. Elles and Wood (1908) also took this as

a cheracter of snécific importance. Other forns,'hbWO§er, have been describ-
ed by Boucek and ﬁrlbyl (1941) which though having the general dimensions
'do not show the above feature. These authors extend the °De@1flc deéfinition
to include the more parallel-sided forms, and con31der synonywous manJ forms
previously descrlbed under a varlety of names. o

’ The writer refer° the Cautley spe01es only to those forms hav1n~ an

ovato- elongate proflle.

Nater:al seen"Spe01meno in H.n.Geolo 1ca1 Survey Collectlon.

Peta100Pantuq mlnor minor Flles

Plate 3, flg-G e T e u

1893 Dlplograntus palmeus Toernqu1st P1.1 flgs 29-31.

1897 Petalograotuc minor Elles p.201,P1.14,Tigs.17-21.

1908 " " Elles. Elles and Wood rp.279-281,text fig.193a-b,
S c  P1.32,figs.5a-e.

1920  Diplograptus (Petalograptus) minor Gortani-p.23,Pl.1,fig.37.

1933  Petalograptus miror Elles. Sun p.33,Pl.5,figs.5a-b.

71934 " patulus Schwargzbach, p.4-6,fig.3.

1941 Petalolithus minor (Elles 1897). Boucek and Pribyl pp.5-6,text fig.

1f,g, P1.1,fig. 3. |




1945 Petalo*raptus minor Elles. Waterlot P1.19,fig.234.
1949 Diplograptus (Petalovraptus) mmnor El]es.‘\Obpt p.15,P1.1,fizs.9a-b.

la2l3 Petalograptus minor Gortani Pl.4,Pl.1,fig.5.

Material:s Several specimens in full rel:ef.
Horizon and Ioca]:+1es: Zone of h.,trnangnlatus; Birks Beck (7Bi); Spensill
(824-28, 832-36, S36-39,7).

Diagnosiss Rhabdoqome short, about 7 5 mms, relatively broad (3 nmﬁ) and ob-

long in outline. . Thecae reachlnv a maxnmum of s little over 2 mms and ruwber_

ing 12-15 in 10 mrs.

Descriptiont The rhabdosore is very distinctive in size and outline. A sic-

ula has not been observed. , L , .

The tbeoae are long tubes averaging apnrox:mafely 2 mm in length and
overlapplnglfor more than three cuarters of this. = They have concave anerturs
al margins in profile view and the ventral margin of each theca is also con-
cave. Proximally the thecae are inclined to the axis at 45° but nore distal-
ly this value lessens. . Throughout the. length the thecal spacing is close ang
they number 12-15 in 10 mmsj 13-14 in 10 mms is the usual figure. ,

7 The specimen figured on Fl.3 (fig.6) is a,moﬁld of a reve?se view and

it shows a septum extending some way down the polypary. 7
Remarks: P.rinor at Cautley is identical with the material described fully by
Elles (1897) and Elles and Wood (1908) except that at least in some speciméns

the septum is partially developed on the reverse s1de. ‘ i

The apparantly high thecal count is not unusual since the fllure° of
Elles and Wood (P1.32) show considerably more than the 12 in 10 mms given in
their diagnosis. A figure of 135l4 in 10 mms seems moré‘géuai‘ihwtheir‘figs.
5a,50,5d, and Se.  Boucek and Pribyl (1941) record 12-14 in 10 mms (i.e. 6-7
in Smms see p.5). |

Waterial seen: Specimens in Sedgwick Nuseum, Cambrldve.‘muw‘“

|

5
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Petalograntus minor finitimus subsn. nov.,

Plate 3, fig.4; Plate 14, figs.6,7.

Folotvnae: HUR/6Bi/41, complete séecimen in full relief, preserved in pyrites,
- reverse view. |

Horizon of Ho]otypé: Zone of P. 1eptotheéa.-'

Derivation of name: finitimus L. 'near’'.

"Material: 6 specimens, four of which are complete and preserved in full relieg

Horizon and Localitiest Zone of D. magnus: Birks Beck (6Bi).

Diacnosis: Rhabdosome small, oval, reaching 6 mms. in lensth and almost 4mms
‘in width. Proximal end pointed.' Thecae number 14-15 in 10 mms, inclined

to the axis at 40° , 2mns long (meximum). No septum. = Sicula immeasurable

‘Description: The rhabdosome is characteristically small and oval in outline,
except for the proximal end which is bluntly vpointed. A maximum length of

6 mms. and width of almost 4 mms is reached in the largest spe01nen, but thre

others are all rather shorter and narrower than this.

Because of the mode of~preservation the sicula cannot be seen in the
one specimen exhibiting the obverse side of the rhabdosome.  On the Treverse
side no specimens show a septum, whilst one (P1.3,fic.4) partially broken
srecimen suzgests that there is no septum on the obverse side. = This sare
specimen also shows that the sicula cannot be longer than lmm,

The thecae are closely spaced (14-15 in 10 mrs) and reach a maximum len-

gth of almost 2 mms.  FEach has its ventral margin concave in profile view
and its apertural region expanded. The apertural margin is even, to slightly
coricave,

Remarks: The only described British species with which P.minor finitimus can

be compared is P.minor minor. It is clearly close to this subspecies but is

distinctly smaller, has no septum, and probably has a much smaller and less

conspicuous sicula. P.m.finitimus also differs from P. nraecursor Boucek

and Pribyl in being broader and in having its thecae inclined at a higher
angle to the axis. The thecal count, however, is the same and the sicula

must be of a similar size. All three species occur at the same horizon.

Petalograptus kurcli sn. nov.
Plate 20,figs.1,2,3.
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"Holotype: HUR./S73,11'4/40, a specimen in full relief but compressed, cbverse
view' S - o . . T ’
Horizon of Holotvpne: Zone of M. sedﬁwlckl’ Shenwill (873,11.4)

Derivation of names? "Latlnlsed" after c. Furck

Materialt Sixy specimens Dreserved in full rellef

Horiron and Localitiest Zone of M, sedcwickis Snen@lll (73,11-4).

Diagnosis: Fhabdosore smali, short, and narrow; more or less Dara]lel-siéed. i
Sicula long and free for a considerable distance in the obverse view. Thecaej
small, numberlng 18 in 10 mms (allow1nv for oomnrebglon)
Description! The ‘rhabdosome is very Snort and in all cases is 1ess than 6 mus.
A paximum width of 1.4 mms is reached almost immediately.

The sicula 1s free for almost the whole of its length when viewed from
the obverse side. It 18 &% least 1.7 mms long having an apex well above the
level of the apertures of the second pair of thecae. The base is 042 Qms
in dlameter.

The thecae themselves are Sﬂall w1th a max1mum length of lmm and overlap
for one nalf of their length.  They are closely spaced numbezlng 1620 in
10 iy The hlgheSt of these floures (qo) was obtalned from speclmens com=-
pressed at rlﬂht ans gles to the length °f the Polypary and the emallec‘c (16) ;

for those affected in the 0“p0S1te way. A thecal count of 18 in 10 m 11
- . ms wi

be ﬁéaf the true figure for uncomnressed spe01mens. The tbecal tubes d
°

not expand in the ‘region of the aﬁerture. Growth Serments number ap
9 DDOX—

1vate1y 25 per theca and show an. increased Wlath towards the distal end £
0

each theca and towards the dlstal end of the rhabdosome
No septum is Dresent.

Remarks: The specific characters of this sne01es are suff1c1ent t§ disti h'
——— nn-uls g

it from other forms. Particularly striking is the small size of the rhab
- 7 ap—
dosome, small and closelr spaced thecae and the complete lack of a sept
npLe g eptum.
The six specimens occur on a single slab in association with a pyritous globd
ryritous glob-

ule showing concentric rings.
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senus CEPFALOGRAPTUS Wopkinson, 1869

Twne species: Diplograpsus cometa Geinitz, 1852
et borremrets i 8 5

Generic diacnosis: An extreme development of Petalosrantus; rhabdosome more

or less trianzulaT, composed of a few elongate thecae.

Cenha]oarantuq aff oometa extrema Boucek & Prloyl
Plate 20, flﬂ 4

aff.
1941 Cephalograptus cometa extrema n. subspec. Boucek & Pribyl »n.14-15,

L P1.1 flg.lo text flc 21-m,

Holotype: The specimen figured in text fig. 2 1.
Materials A single dlstal fragment in low rellef. (HU=E. /875,9 4/32
Torizon and Localltz. Zone of I8 qedmw1ce1- Spenvlll (s 94,7 4)

Descrintion: Thls small fra~ment is eas11y p’aoed in the senus Cenhalorrantus
Panihiniubed S

Gl

by the presence of long thecae and a ranldlj—narrow1n* proximal part.‘ The

relative narrowness of the polypary (0.78 mms) and the small number P thecaeé

(3-4 on each side of axis) suggests affinities with C.c.extrema rather than
with C.c.comet? (GelnltZQ . The rhabdosome may not, hOWever, be fully devel-
oved and more material is required befqrela dla:nos1 ~and full descr1pt1on

can be given. ‘
A nema projects 2 mms beyond the distal extremltv of the polyparv

subfamlly RETIOLITINAE Lanworth 1873
(nom. transl. Boucek & Munch, 1952 (ex Retiolitidae Lapworth 1873))

A




_ genus RETIOLITES Barrande, 1850 -
(nom, conserv. (ICZNW Opinion 199)) (= Gladiolites Barrande, 1850; Gladio--
graptus Lapworth, 1875; Dimykterograptus Haberfelner 19363 Pseudoretiolites
Boucek & Munch, 1944). ’

Tvyne Sne01ee- (ladiolites gelnltzlanus Barrande, 1850

Generic d1aonos1q. Reticula on strongly develoued clathria of narletal, pleur
al, apertural, and aboral 11sts,\w1th'v1rgu1a rapidly incorporated on one

side and dorsal list (zigzag virgula") on other.

Retiolites geinitzianus geinitzianus Barrande
Plate 16, fig.l

1850 (Gladiolites) Retiolites Geinitzianus Barrande p.69,Pl.4,figs.16-33
1851 Retiolites Geinitzianus Barrande. . Suess p.95,Pl.7,figs.ld-e.

1852 " " S "o Geinitz p.52,P1.6,figs.1~-8.

1868 " S "o Nicholson p.530,P1.19,fizs.19-20.

1882 "o " . " . Tullberg p.41,Pl.1,figs.10-17.

1890 " L M. Holm p.18,P1.2,figs.2-5.

1908 . - " (Gladiograptus) Geinitzianus, Barrande. - Elles and Wood pp.336 -~
8,text figs.220a~f,Pl.34,figs.Ba~-d. -

1929 n . " -~ geinitzianus Barrande. Glemerec pp.134-7,P1.3,

figs.%a-e. -

1944

! (Retlollte°) geinitzianus geinitzianus Barrande 1850. Boucek:
o and Munch pp.566-9,P1.3,figs.2-5,text figs.13c-h & ldc-d,
1945 n (Gladiograptus) Geinitzianus Barr. Waterlot P1.20,fig.237.
?1947 " geinitzianus Barrande. Ruedemann 1p.466-7,Plate 83,figs.1-2.
71953 " geinitzianus Barrfhrguhpg p.444,fig. in text.

Lectotvyne: Specimen figured by Barrande Pl.4,figs.17-19.
Material: Many specimens with some well preserved proximal ends, mostly in

relief.
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Horizon and Tocalities: "R.geinitzianus and vars" recorded by Wilson (1953)

from his M,greistonensis Zone but these have not been examired by the writer;

Zone of C.centrifugus - C.insectus; Bluecaster Gills, Near Gill (8N); Middle
Gill (1M,4¥); Wandale Hill (47W,37W,25W,26W,28W,29%W); Pickering Gill (5P, 6P,
10P,8P); Hebblethwaite Hall Gill (5H).

Diagnosis: Rhabdosome long, broad, sword-shaped, blunt proximally. Well dev~

eloped and striking reticula, thecae at a high angle to the axis numbering
19-10 in 10 mns. Clathria well developed. Thecae inclined at 60°.
Description: Although specimens from 1-2 cms are the comwonest, fragments up
to 5 ems long have been obtained. The maximum breadth is about 4-5 mms. A
breadth (relief)of 4 mms is reached 1% cms from the proximal extremity and
thereafter the rhabdosome is more or less parallel-sided. Some idea of the
rapid increase in width can be obtained from the widths measured at the levels
of the 1lst%, 2nd, and 3rd thecal pairs. They are, respectivelys- 0-78 mms, »
117 mms, 1+*43nms.

At the proximal extremity the thecae are c¢losely spaced and may number
19 in 10 mms. Away from this point the thecal tubes, though maintaining app-
roximately‘the same angle to the axis, increase in length and width so that :
at 1% cms they number 15 in 10 mms at the most. Distally a further reduction
in density takes place down to 10 in 10 mms.

The clathria is well developed, each of the strands and lists being about
0+05 - 0+06 mms thick. Various clathrial elements can be identified in reliefi
specimens, particularly those which are split into two halves.

The reticula is very striking consisting of a chitinous network whose
threads are about half the width of the clathrial elemenis. There are 9-11
"meshes" alonz the length of each thecal tube and 3-4 across the width.

Remarks: R.g.pceinitzianus is a very characteristic fossil of the lowest -zone

of the Wenlock Series. It has not been found in the Zone of C.murchisoni

(as here defined) although it was recorded in 1911 by Watney and Welch from .

their murchisoni zone.
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Retiolites ceinitzianus 2u~ustidens Elles and Wood

Plate 22,fig.4

71852 Graptolithus venosus Hall p.40,Pl.174A,figss,.2a-c.

1908 Retiolites (Gladiopraptus) geinitzianus, Barrande. var. augustidens
£p. nov. Elles and Wood ».338,P1.34,figs.%9a~-c.

1936 Dimykterograptus bonevi Haberfelner p.92,fig.5.

71944 Retiolites (Retiolites) geinitzianus augustidens Elles and Wood 1908
Bou&ek and Munch pp.563-6,P1.2,figs.1-4,text fipgs,

l1la-e, and 12b-e.

21945 n (Clad. )Geinitzianus var. Venosus Hall. Waterlot P1.20,fir.
238.
21947 " geinitzianus Barrande var. venosus (Hall). Ruedemann |
p.467-8,P1.83,firs.4-9, |
21949 B " Barrande var. augustidens Elles. Obut p.16,

Pl.z,figS.Qa—b.

Materialt Less common than R.c.ceinitzianus but about 20 specimens in relief,

Horizon and Localities: Zone of C.centrifucus - C.insectus; Wenlock Series;
Bluecaster Gills, Near Gill (8N); Middle Gill (2M,4); Wandale Hill (51v,
37W,25W,26W,29%); Pickering Gill (5P,8P,9P); Birksfield Beck (7Bf).

Diarnosis: Rhabdosome up to 3 cms long, rvarallel-sided or slowly widening.

Proximal end rounded. Clathria and reticulum prominent. Thecae inclined ]

at 40° - 50°, numbering 15-10 in 10 mms.

Deserintion: Occuring at the same horizon as R.g.ceinitzianus is a narrow
form which does not exceed 3 cms in length and which has a maximum width of

2*5 mms, These characters themselves are sufficient to distinsuish it from

R.o.ceinitzianus,

The thecae throughout are inclired to the axis at 40° - 50° and at the
proximal ernd usually number 15 in 10 mms. Their density fz2lls rapidly to
10 in 10 mms at a little over one centimetre from the vroximal extremity.

The "mesh'" of the reticulum is very similar to R.g.reiritzianus and the

clathrial elements are egually distinct.

Remarks: This subspecies is also restricted to the lowest zone of the Wenlock

(Stage 1) and is common enough to be regarded as a characteristic fossil of iy
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The Cautley specimens are identical with the described British specimens
of the subspecies and are clearly close to those described by Boudek and Ninch
(1943). The only noticeable difference from the latter material is in breadt
and thecal spacing (2.5 mms cf. 3.4 mms, and 15 in 10 rms cf 11-12)

A narrow form of R.geinitzianus was not detected by Watney and Welch
(1911).

In view of the fact that R.g.ausustidens occurs at the same horizon and

the same geographical locality as R.o.geinitzjanus (though not on the same

s}

bedding plane) there may be a case for raising the former to specific status.
Material seen: Specimens collected by Professor Shotton from Swindale Beck

lire Knock. Some of these (e.g. S.M. no. A23714 a-b) are R.gz.avzustidens

whilst others are R.g.geinitzianus.

Specimen no. A35825 (Sedgwick Vuseum) labelled R.g. Pvar. aucustidens

is R.c.ausustidens (Locality, Whinny Gill, Cautley below High Pasture Wood,

probably 1-5 Wh. collector unknown.).

Other specimens in Sedgwick Museum.

genus PSEUDOPLEGNATOGRAPTUS Pribyl 1948

Tyne species: Petlolltes perlatus obesug Lanworth 1877

Generic diagnosis: Like Retlolltes but w1th somewhat 111 deflned clathrla and

well developed lacinia.

Pseudoplegmatogra%tus obesus obesus (Lapwérth) -

Plate 19,fig.10

1876 Retlolltes perlatus Lapworth Pl.3,fig. 61.

1877 " " var. obesus Lapworth p.137, Pl £, flp 26
1890 oo obesus LanWOrth. Toernquist p.lO,Pl.?,flg.24 5.
1908 " (Plesmatograptus) obesus (Lapworth).V Elles and Wood pp.342-3

text fig.223a-c,Pl.34,figs.12a-c.
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?1924 Retiolites obesus Lapworth. Hundt p.80,P1.11,figs.28-31.

21939 " " " Minch p.23,fig.38.

71944 Plegmatograptus obesus obesus (lLapworth). Boudek and Minch pp.532-535,
text fig.la-g,2a-b,Pl.1,figs.1-2.

1945 Retiolites (Plegmatograptus) obesus Lapw; Waterlot P1.20,fig.242.

1949 Plesmatograptus obesus (lapworth). Obut pp.17,Pl.2,fizs.5a,b.-

Vaterial: About 7 specimens, one complete, one in relief.

Horizon and localities: ?Zone of M. sedswicki, Zone of Monorrantus turriculat-
us; Spengill (?594,7-4; S124,10-25; $140,11; $166,8-5; $196,9-25; $197,
5:5).

Diarnosis: Rhabdosome about 2 cms long, overall width of the order of 6 mns.

Thecae fairly distinct numbefing 13 in 10 mms at the proximal end. Clathria
probably poorly developed if at all, lacinia present.

Description: This species fits the diagnostic features enumerated by Elles ‘
and Wood (1908) in their detailed description of the British specimens rather i
more closely than it does those listed by Boudek and Miinch (1943) for the
Central Furopean material. The reticulate pattern of the flattened rhab-
dosome is, however, similar in all cases.

The Cautley specimens are at least 2 cms long and possibly more, having
an average (adult) width of 6 mms. At the proximal end thecal counts of
13 in 10 mms are common but at lem this has fallen to 9 in 10 mms which is
then maintained. ,

The reticulate pattern is very similar to that fipgured in text fig.233a
by Elles and Wood and text fig.2b by Boudek and Minch. Whilst the various
elements of the rhabdosome are not easily identified a clathria does not app-
ear to be developed. _ ‘

Remarks: The thecal spacing (13—9) compares well with the figures ziven by
Elles and Wood (12—9) and rather less well with the 11-12 in 10 mms given by
Boudek and Minch. The breadth of the polypary (6mris) is intermediate to
those quoted by the above authors (€mms and 4-5 mms respectively.)

The nature of the reticulam seems sufficient to distinguish this subsp-

ecies from the subspecies of Boutek and Minch P.o.reticulatus, P.o.hexaconalje

and P.o.relictus.
Material scen: Specimens in Elles and Wood Collection, Sedgwick Museum.




subfamily PLECTOGRAPTINAE Boucek & Munch, 1952

genus GOTHOCRAPTUS Frech, 1897

Type srecies: Retiolites nassa Holm 1890

Generic diarnosis: More or less circular in cross section, thecal apertures

connected by ventral instead of pleural lists, reticula fairly well developedy
rhabdosome tavering distaily and terminating in a tubular appendix; virgula .

central in the corona, later incorporated in lateral wall.

Qothocrrantus nassa (Holm)

Plate 3,Tig.7T

18390 Retiolites nassa Holm p.25,Pl.2,firs.12-14.
1895  Gothocraptus nassa Frech p.670.
1897 Retiolites nassa Holm. Perner p.36,P1.17,figs.20-21,text fig.322,b.

-

1900 " (Gothooraptus) nassa Wood p.486,P1.25,fig.30,text fig.27.

1908 " " " (Holm). Elles and Wood text fig.225,
Pl.34,figs.15a-4d. 4

71909 " " Holm. Moberg and Tornquist ».19,P1.1,fiz.14.

1938 Gothograptus nassa (Holm). Bulman P.D.80,fiz.40d,(non 4Ce)

1945 Retiolites (Gothograptus) nassa Holm. Waterlot p.65,P1.20,n0244.
?1948 Gothograptus nassa (Holm). Pribyl p.21,(not figured)

1952 Cothogzraptus nassa (Holm,1890). Boucek and Munch p».11-15,Pl.1,figs.

9-11,text figs.2a-i, 3a-d.

Material: A few specimens, flattened and not well preserved.

Horizon and localities: top of Stage 4, Wenlock Series, P.nilesoni Zone

Ludlow Series; Wandale Hill (4W,8W).
Diasmosis: Polypary small, narrowe. Sicula not seeny thecae 14~15 1in 10 ms
nature obscure. Nema present. Conspicuous reticulum, clathria not well

develoned.
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Descrintion: The rhabdosome is-less:than:lem’long and almost narallel-sided

A maximum width of 0.78 mms isJreachédlalmost>imhediateiy*and the thecae are.
uniformly spaced at 14-15-in 10 mms.* ‘Details of the“thecal tubes cannot be
made out-but the apertures are represented’'by. tiny ércééationSSOf'the'margins
Thickenings near the aperture probablyffénreseﬁtlthose'deséribed'by'Vlleé7aha
Wood (1908, p'344) The reticulum is formed of a t1ny ‘mesh-work which is’
rectansular in outline ‘in ‘these comnrebsed sneclmens.n T
Remarks: This is’a rare form in the Wenlock Series at Cautley but it has been
found at locality 4W (Wandale Hill) in association with M.fleminzii and P.
dubius. - The former fossil has not been'found above the Brathay Flags.
Further discussion on the ‘stratigraphic‘rosition of this fossil takes:place

on D. ~ IR : ST O R

Material seen: Specimens:-figured by Elles and Wood P1.34,figs.15 b,d, in the
M. vulearis Zone exhibit, Sedgwick Museum (S.M. nos. A22489-90)

Spv

B

genus SPINOGRAPTUS Boucek & Munch, 1952

Type Species: Retiolites spinosus Wood, 1900 & ‘oeea ho T fouonl s

Generic disrnosiss Like Plectocoravtus but with better developed reticula and

raired apertural spines. "¢ . .

- o
E Y }

_ Spinograptus srinosus spinosus {(Wood) .

- non.figured ..

:

1900 Retlol1tes splnosus, sp. nov. Wood DD 485 6 f1 26 Pl 25,f1nq 20A~.
1908 o (Gothorrahtus) splnosus (Wood) " Elles ana Wood pp.345 and

' 347 text f13.226a1ﬂ,P1 344figs.16a- -c.
. P - ’\.'-w A{i& "‘W/h«t-‘-‘>
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Materials A few flattened specimens, fairly well preserved.

Horizon and Localities: Zone of P. nilssoni, Ludlow Series; Wandale Hill (8W)
Diagnosis: Rhabdosome short, spinose, and relatiﬁely broad. Clathria con-
spicuous, retlcula coarse and apparently 1rregular in flattened specimens. :
Descrlgtlon. These specimens ocecur falrly commonly, but not abundantly, in the§
‘second graptolite band of the Ludlow Series. They differ in no way from the |
material described by Wood (1900) and Elles and Wood (1908) but they are us-

ually less well preserved.

The rhabdosome is about 1 cm long, has a width of nearly 2 mms (exclusive
of spines) and thecae spaced at 10-11 in 10 mms.

The clathrial elements ‘are not easily 1dent1f1ed but can be seen, to be
»made up of slender threads. F A reticulum is developed but is coarse and ;
Vlrregular. Flattenlng of'all the specimens has obscured the pattern éf the

reticulum,

Material seens Eiles‘andonod Collection, Sedgwick Museum.

Spinograptus spinosus praespinosus subsp. nov.
Plate 19, fig.1ll

?1911 Retiolites spinosus Wood. Watney and Welch texi and tables, non fig.

Holotype: HUR/20N/40, distal fragment showing spines, among a cluster of
proximal fragments (P1.19,fig.1l)

Horizon of Holotype: Zone of C. rigidus mut.

Materials 30-40 specimens, all flattened, some showing clathria only.
Horizon and Localities: Zone of M. riccartonensis to Zone of C. rigidus mut.
Wenlock Series; Near Gill (17N,16N,19N,20N). "

Diagnosis: Rhabdosome longer than 2 cms, width at least 2 mms, thecae with

short stiff spines, numbering 83-9 in 10 mms.

Description: This form from the Wenlock Series is very‘close to Wood's species
particularly in the nature of the clathria and retlculum whlch are 1ndlst1n-
Agulshable from those of the type species. '

The detailed measurements, however, show that S. s. praespinosus subsp,

‘nov. is quite distinct. A rhabdosome length of at least 2 cms is commonly ach-
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ieved although young specimens are not uncommon. . The width is very often
over 2 mms and the general form is ﬁarallelésided. Projecting from the mar-
gins of the rhabdosome, and invariably at right an.les to it, are short stiff
spihe ' These reach a maximum length of 0+5 mms . k o

The thecal Spa01ng is constant at 8*-9 in 10 mms whioh is rather less
than in Wood's species.

As in the case of the previously described species the clathrial and
reticulate elements cannbi be‘easily>pictured; The reticulum howevér, seems
to become less prominent in the distal part df‘the‘polypary and is cbmpletely
absent on some'specimens. ‘One specimen oﬁér42-6 mms broad‘héd.only clathrial
elements and was without spines.

Remarksisln ié‘cerfain théi the'Wenloék form is distinct from the Ludlow spec-
jes but it seems likely that the latter evolved from the former. Only frag-
ments éf‘retiolitids have been obtained from Stage 4 and S.s.spinosus Wood

has not been obtained above the lowest beds in the Ludlow Series. The time
£aDn, theréforé, is nét as great as might &t first be supposed. Cértainly it
is no crester than that between Wenlock and Ludlow representatives of P,

dvuhius s.Jl.

Family DIMORPHOGRAPTIDAE Elles and Wood, 1908

genus DINOREHOGRAPTUS Lapworth, 1876

(= Bulmanogréptus Pribyl, 1948)

Tyne Snecies:iD.elongétus Lapworfh 1876; SD Bassler, 1915‘

Génerlc'diavnosié. Proximalyportion of rhabdosome uniserial with loss of th.l

(2) and generally further thecae of the secondarv serles, becoming biserial

dlstally, blserla] oortlon usually with rart1a1 sentuu, develonment more or
less of morowrapth tyne- thecae orthovrantld or rlvntopraptid with a tendency

; |
in some SPGCIeS toward 1solat10n of the apertural region; uniserial portion

of varying length; initial bud upwardly-directed at origin.



Dimornhosrantus confertus confertus (Nicholson)
Plate 4,fig.1- T

1868 Diplograpsus confertus Nicholson p.526,P1.19,figs.14-15.

1888  Dimorphograptus confertus Marr and Nicholson ,p.707..

1897 " . Swanstoni, var. Kurcki.  Teernquist p.19,Pl.2,figs.34~
: o T 33
1908 , " - . confertus (Nicholson). Elles and Wood pp.349-350,text
_ , fig.227a-b,Pl.35,figs.3a-d.
1945 " _ " _Nich.. Waterlot ,P1.21,fig.247.

Material: About 12 specimens, all flattened, most showing the proximal end.
Horizon and Localities: Zones of M.atavus to P. cyphuss . Spenzill (S1-5 to
$20-24).

Diarnosis: Rhabdosore short, straight, relatively broad. Uniserial portion

short, stiff, with three. thecae and a prominent sicula. . . Thecae:in biserial
portion number 14 in 10 mms, overlap two~thirds.
Description: The biserial portion of the rhabdosome may reach 2 cms in.length
but most specimens are shorter.- Thecal spacing in this region is rather
closer than proximally and they number-approximately 14 in 10 rms. Fost of
the specimens are compressed and readings from 11-16 in 10 mms are not un-
comion. - The comprression however does noi radica}ly,alter the typical . apvear]
ance of.the flattened thecae. They are relatively simple tubes with the
ventral margin perhaps concave, or at least with apertural expansion. . Over-
lap is always of -the order two-thirds and the margins of the. apertures vary
between even and slightly everted. : It is difficult, however, to asses the
effect of flattening upon the apertural characters. ‘

The uniserial portion is short and stiff and has a prominent sicula.
This is at least 17 mms long and 0+5 mms wide, (at the base) though this: -
latter feature is probably increased by flattening and compressior. Its apex
reaches almost to the level of the aperture of th.2.  There are three thecae
in the uniserial portion which differ from tkose of the. hiserial part only in
beinglinclined to the axis at a lower angle. Overlap is considerable.. At
the level of the aperture of th.2 a width of 0«6 mms is usuval.

Remarkss D.confertus is not as common as:one is led to suppose by the. account
\
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of the Geological Survey workers (Dakyns et al. 1891).
It is however, restricted to the D.confertus Zone of Marr and Nicholson

(1888) and in this sense is a useful stratigraphic indicator. D.confertus

swanstoni (Lapw.) has not been found.

Material seen: Specimen figured by Elles and Wood P1l.35,fig.3a (S.M. no

A20699) - a specimen which is conpressed at ricght angles to the length of the
volypary. Other specimens in the Sedgwick luseum Cambridge.

Specimen 3363a from Hatch Collection (H.M.CGeolosical Survey, collected
by Marr) D.confertus Zone, Skelgill. : . §

Specimens of D.c.swanstoni in Sedgwick Museum, Cambridge.

Dimorphograptus enilonsissimus sp. nov.

Plate 22,fig.1,2,%b.

?1882  Dimorphograptus cfr. Swanstoni Lapw. Kurck p.300,P1.14,figs.5-7.

Holotyvpe: HUR./S20-24/ y long, flattened specimen complete except for siculs|
Horizon of Holotyne: Zone of P.cyvhus.

Derivation of name: epi, close upon, prefixed to "longissimus".

Materials About 7 specimens, proximal ends.

Horizon and Localities: Zone of M.atavus to P.cynhus, Spengill (55-9%,513-17,
S20-24).

Diagnosis: Rrabdosome long, robust with a relatively slender proximal end.
Uniserial portion 4 thecae,véicula of diminutive width. Thecae, distally
nurber 11-9 in 10 mms, and proximally less than & in 10 mms.

Description: The distal part of the rhabdosome may be up to 3 cms in length
and is parallel-sided.. - Depending upon the compressional direction the thecae]
nunber 12-8 in 10 mms but in'updistorted specimens there are about 11 in 10
mrs in the early part and 9.in 10 mms in the most distal. The slender and
gracéfully curfed uniserial portion has less than 8 in 10 mms.

The sicula is small and barely. reaches the aperture of th.l. At the

level of th.2 the width of the rbabdosone ig O 52 mms  and the thecae in this
region are relatively sinple tubes of . the orthograptid type. D1sta1 tbecae,

which show overlap up to one half of their length, are also of orthogsra aptid J

appearance but like D.c.confertus appear to have an apertural exransion
Da. .
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'In this case however, the apertural features might also be explained by the
presence of a thickened lip which on flattening produced a definite "list"
or denticle.. The apertural margins are probably horizontal- to slightly

everted.

Remarkss D.epilongissimus sp. nov. is easily distinguished from D.cfr.loncis~

simus Elles and VWood by its longer, more slender, uniserial portion which
has 4 thecae instead of 2-3. The size and position of the sicula is, however
very similar.

Kurck in his original description of Diploecrantus (?) longissimus 4id

not figure a proximal end but the similarity of the distal thecae led Elles
and Wood to the conclusion that it was in fact synonymous with their Dimornho-
e E——

grantus. . i
It is possible that a similar relationship exists between D.cfr. longissj

mus and D.epilongissimus sp. nov. as has been observed between D.e.nicholsoni

subsp. nov, and D.e.erectus Elles and Wood.

Material seen: Specimens of D.cfr. longissimus in Elles and Wood Collection,
Sedgwick Museum, Cambridge. (figzured Elles and Wood P1.35,fig.8d).
Specimens in Sedswick Museum labelled as D.erectus Elles and Wood (520,

|

795-8) are synonymous with the form described here as D.epilonrissirus sp. nov

and are quite distinct from D.erectus.
|

Dimorpbograptus erectus nicholsoni. subsp. nov.

Plate 4,fig.2; Plate 21,figs.1,2;  Plate 22,fiz.3a

Holotypes HUR./1B1/64, flattened specimen preserved as a silvery .film in dark
grey shale, proximal end and sicula intact. ‘

Horizon of Holotype: Zone of M.stavus; Birks Beck.

Derivation of name: After H.A.Nicholscn, one of the foremost of early workers

‘on Lower Palaeozoic rocks.
Material: About twenty specimens, all flattenad. o
Horizon and Tocalities: Zones of M.atavus, P.acinaces, and P.cyvrhuss  Spengill

(85-9, S13-17, S20-24); Birks Beck (1Bi,2Bi).
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Diagnosis: Polypary small and narrow with a short, slender; and slightly curv-
ed uniserial portion comprising either 2 or 3 thecae. '
Descrintion: The rhabdosome is typically short and slender though occasional
srecimens up to nearly 2 cms long have been obtained. A maximum width of
1¢43 -~ 1+5 nms is reached distally. In this region the thecae are closely
spaced at 12-14 thecae in 10 mms. They show slight sigmoidal curvature and -
the desree of overlap is not zreat. This latter fefture is difficult to
assees accurately for in srvecimens compressed at right angles to the polypary
it appears greater. It is probably about one third, The thecal tubes in
this region are almost 1+3 mms. long.

The uniserial portion, though short, is gently curved and about 0+54 -e05
mms broad at the level of th.2, The sicula is fully 1¢7 - 18 mms long and
its apex reaches almost to the level of th.Z2. This is significant since
it almost reaches the biserial portion and thus makes an otherwise slender un-
iserial part quite robust. o N

In the lower beds (M.atavus Zone) this subspecies invariably has only 2
thecae in the uniserial vart but in slightly higher beds (P.acinaces Zone )
it has either 2 or 3 thecae, more commonly the latter. The thecae number 11
in 10 mms in this region. '

Remarks: D.e.nicholsoni closely resembles D.e.erectus in generat? form, size,

and thecal characters. Those fossils from the M.atavus Zone are distinct

in their closer thecal spacing and by having only two thecae in the uniserial

part. However in the P.acinaces Zone srecimens having 3 thecae in the unis-~
erial part of the rhabdosome are more common. This form is clearly interm-

ediate between the two subspecies and is onlybkept in D.e.nicholsoni on the

grounds that it occasionally has 2 such thecae and never 4.

A single specimen from the P.cvphus zone (HUR. /S20- 24/ P1.22,fig.3ay
of Spengill (S20-24) is qultdlndlstlngulshable from D.e.erectus. It has 3
thecae in the uniserial part, is over lcm long, and has a distal width of Zmms,

This width of 2 mms does not seem to be umsual for D.e.éreétus (see Elles and

Wood P1.35,fig.9a).

It is almost certain therefore that within the limits of the Dimorphogran~

tus confertus Zone there is an evolutionary linej D.e.nicholsoni -~ D.e.nichol-
soni mut., - D.e ereotus. ‘

Material seen: Specimens figured by Elles and Wood P135 ,fig. Qa,te ¥t fig.2313p
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(S.M. no.420,779); P1.35,9d (S.NM. no.A20,783) and specimens figured P1.35
figs.%bh,c, and text fig.233a. These specimens are described by Elles and
Wood (pp.355-356) and have three thecae in the uniserial portion. None of
the specimens in the Sedgwick Museum céllection has four thecae in the uniser-
ial portibn (cf. Elles and Wood p.355 and Bulman 1960,p.69) and this fact has
since been confirmed for the writer by Professor Bulman (personnel comnunicat-
ion). One specimen has only two thecae in this position (S.M. no 420,785,
figured Bulman 1960,p.69 text fig.2d as D.erectus). Another specimen (A20
802 a & b ) also has two thecae in the uniserial portion but unfortunately is
from a loose block.

Specimens 420,795-8 (collected by J.E.Marr from the D.confertus Zone,
Spengill Head) have four thecae in the uniserial portion but these are distinect
from D.eredtus Elles and Wood and are synonymous with the species here describ.

ed as D.evilonsrissimus sp. nov.

\

genus AKIDOGRAPTUS Davies, 1929

Tvpe Svecies: A.ascensus Davies 1929.

Generic diasnosis: Thecae climacograptid or orthograptid; proximal end char-

acterized by loss or reduction of th.l(?); but owing to shortening of th.2(2)

there is no apparent uniserial portion; initial bud downwardly directed at

origin.

Adidogravtus acuminatus acuminatus (Nicholson)

Plate 21,figz.3.

1867 Diplograptus acuminatus Nicholson p.109,P1.7,figs.16-17.

1897 " " Toernquist p.14,Pl.2,figs.5-7.

1908  Cephalograptus (?) " (Nicholson). Elles and Wood pp.289 and 295,
text fig. 199,P1.32,figs.1la-g
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1924 Diplograptus acuminatus Nicholson. - Hundt Pl.?;figs.9,10,17.
1929  Akidograptus acuminatus (Nicholson). Davies p.9,fiz.32, (no.10

schematic).

Materials A few well preserved specimens, several frapsments.

Horizmon and Localities: Zone of A. acuminatus; Watley Gill (1Wa); Spengill
(4" band at base of dark grey shales). ‘ ’ o a
Diagnosis: Rhabdosome short, wedge-shaped, with a very prorinent sicula and
long "orthograptid" thecae, numbering 7 in 10 mms. o
Descrintion: The rhabdosome rarely reaches lem in length, and mdsf‘commonly
is 5-6 mms long with 2 breadth of 1lmm. A few fragments, however, sugcest,
that a greater length and width (up to 1+5 rms) may be reached.

The sicula is long (af leésf 2 mms) and comn]efély free on one side.
Th.1 orlvlnates 0«71 mms ahove its base ‘and the base of the poljparv is tyﬁ—
ified by the projecting lower portion of the sicula. Th.l(l) is 2 mms long
and givés rise to th.2(2) almost immediately. At a distance of 2¢5 mms
above the base of the sicula th. 2(1) is elready develored as a bud and the
septum is formed.  Th. 2(1) aprearq to grow from th.2(2) as doee th.3(2).

Th. 2(1) and 3(2) are therefore ad"acent at treir prox1ma] ends but imm-
ediately separsted by the septum. v

The thecae in the nroxzma] reulon number apurox:mately 7 in 10 mms but
more distally where the thecal tubes are shorter a higher count is obtalned.'
Remarks: The tbeoal tubes are orthonrantld rather than dlplobraptld but ary
such comnarlson w1th thecae of otber r*ene:ra can only be’ arproximate. ;

The species was first recorded from the Cautley district by Wilson (1953)3
who iderntiflied and delimited "the A.acuminatus. Zone. 2

Faterial seen: Specimens in Sedgwick Museum, Cambridge.
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Akldo~rantus anumlnatuq nraematurus Davies

~Plate 21,fig.4

1029 A¥idograptus acuminatus mut. praematurus nov. Davies pllO,fig.25'

q

Material: A single proximal end and other more .doubtful fracments.

~Horizon and Localities: Zone of A.acuminatus; Spengill (4" band at base of

dark grey shales). B

Diacnosiss Rhabdosome short, straight, with 2 similar, but blunter, ovroximal

G I

end to A.a.acuminatus. Thecae of "orthograptid" type numbering 11114 in

10 mms. ; 7 o
Descriptions The best specimen is preserved as a2 mould in such a manner that
the length of the sicula cannot be determined. Compression can be observed
in this specimen and the lineation is at right angles to the polypary; dbut
whilst‘this may have accentuated other features it cannot be the cause of the
blunt proximal end. ) |

. Th.1(1) is only 08 mms long and th.2(2) 1-31mms., They are more closely

spaced (114~14 in 10 mms) in this region thazn in specimens of A.a.acuminatus

(7 in 10 mms) and the thecal tubes are much shorter. In all its characters
the Cautley subqpecies resemblee fig.25 (Davies 1929) except in having a
slightly higher thecal count (111—]4 in 10 mms cf.11 in 10 mms ) ‘
Remarks: This subsne01es was recorded by DaV1eq as an early form of A a.3cumn~
inatus but at Cautley 1t occurs 1n the gzme 4" band und may represent a late

survival. It is, however, rarer than tne tynlcal form.

genus RHAPHIDOGRAPTUD Bulwan,1936
(= Yetadimorphograptus Pribyl, 1943)

Tvne Svecies: Cllmaﬂocrantus tornquist Elles and WOod 1006 ‘ 7 ;

Generic diasnosiss lee Dimornho-rantus but w1tn thecae of c]lmacovrartld t:

v 2

_— ‘\MA"" =

initial bud downwardly or upwardly directed at origin.
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~ Rhaphidosrantus toernquisti (Elles & Wood) -

Plate 19, fizs.7,8,9

1876  Climacograptus rectangularis Lapworth P1.2,fig.50.

1877 " scalaris var, rectangularis Lepworth p.138,Pl.4,fig.32.

1897 " rectancularis Toernquist p.8,Pl.1,fig.16-21.

1906 " Tornquisti, sp. nov. 'Elles and Wood pp.190-191,text fig,
123a-b,P1.26,figs.6a-f.

1924 " " Elles and Wood. FHundt P1.1,figs.32-34.

1936 Rhaphidograptus torniuisti (Elles and Wood). Bulman text p.l19 et seq.
and text fig.laQe, schematic text fig.2a.

1945 Climacograptus Tornquisti Elles and Wood. Waterlot Pl.6,fig.112.

7?1949 " tornquisti Elles and Wood. Obut p.13,Pl.1,figs.4a-b.

Material: Several hundred specimens, many flattened, some preserved in full

relief, many specimens showing sicula.

Horizon ard Localities: Zones of M.atavus to M.sedewicki: Spengill (S!~5 to

S73,11-4); Birks Beck (1Bi,7Bi,9Bi); Pickering Gill (14P,1P); Wards Intake

(13Wi); Watley Gill (4Wa,5-6Wa).

Diarmosis: Rhabdosome up to 4 cms long, maximum breadth in relief, about 2 mms.

Sicula long and prominent, uncovered along almost the whole of one side. Vir-

gella long, swelling away from the sicula to become more robust. Thecae of
climacograptid type with deep excavations, numbering 12-10 in 10 mms.
Description: The Cautley representatives of this species from the zones of

M.atavus to l.triansulatus differ in no way from previously described material.

Compression, however, has a considerable effect on flattened specimens which
take on either a very broad or a very narrow appearance (see P1.19,figs.7 & 9).
Thecal counts of up to 20 in 10 mms may be observed in material conpressed at
right angles to the polypary, whilst the breadth is greatly increasea. Spec~

imens in relief which are affected by this compression often show a crumpling

of the proximal end similar to the specimen figured by Bulman (1936, text fig.ld)%

On the other hand comrression parillel to the length of the rhabdosome |
produces a narrow form with a reduced thecal count. This mizht be mistaken for |
a8 new species were it not for the fact that it is always possible to detect

the linzation uron the bedding plane.



1877))

R.tornouisti is not so wel? renresented above th@ gone of M.iriancul=tus

but forms again occur in some abundanoe 1n the 1owest bed of the M.sedrwicki
Zone. More material will have to be examlned before it can be decided whetheg
these are identical with earlier forms or whether there have been ohan ns.

The septum may not develop until further a]onv the rhabdoqome but tbe genera]
size and proportions of the polypary appear to be very s1n%1ar.

Material seen: Specimens in Sedgwick Nuseum, Cambridge. . o

Family MONOGRAPTIDAE Lapworth, 1873
Subfamily NOWO"RAPTINAE Lanworth, 1873
(nom. transl. Yin, 1937 (ex Nononraptldae Lapworth 1873))

genus MOWOCLTWACIS Frech 1897

Tyvne Species: Crapntolites vomerinus Nicholson, 1872 ‘

Jeneric diarrosis: Rhabdosomc often long ard more or less straight though

Q11“ht curvature is common prox1ma11y and rarer distally; wventral wall of
each theca subsequent to th.l has a distinect excavation which contalns the
apertural region of the preceding theca; ~apertural rezion often appears to iﬁ
be "hooked" but in some Ludlow representatives it has beeh shown that a'"hook"‘f
effect cén be caused by én independantrmohofusellar structure which growsifromg
the geniculum of the suceeding theca; the’amognt of ventral excavation in

these later forms may be less than in the earlier onés.f !
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Monoeclimacis vomerina basilica (Lapworth)
Plate 4, figs.3-6; Plate 13, fig.l; Plate 22, fig.12; Plate 23, figs.1,2;
Plate 24, figs.6,7

1880 Monograptus galaensis var. basilicus nov. Larworth p.15?,P1.4,fig;6a;b.
1910 " vomerinus (Nicholsoh) Vér. basilicus Lapworth., Elles and
' Wood text £iz.276b (?276a), Pl.1,figs.2b-o,
) (? 2a and 24).
21911 " " Nich, var.f3 Elles. Watney and Welch (nars) in

-

text. non fig.

Folotype: Specimen figured by Lénworth (1880) Pl.4, figs.6ba-b, now in Lavworth
collection at Birmincham Unlver°1ty (B.U.1548). TFigd. here on F1.22, fig.12
and Pl.4,fig.3.

Materials Over 100 specimensvusually in full relief.

Horizon and Localities: Zones of C.centrifurus - C.inzsectus to Zone of Maf,.

belophorus, ?Zone of C.rigidus nut.; Bluecaster Gill, liddle Gill (1W,4%,?6r,
14M,151{,? above this); Near Gill (8N,10M,11%,168,17N); Whinny Gill (61m);
Hebblethwaite Hall Gill (5H,9H); Birksfield Beck (6Bf); Hobdale Reck (1Bd);
Wandale Hill, Gill A (25W,26W,28W,29W,30W,34W), Cill B (47W,46W,37W); R.Raw-
they (8Fa,9Ra); Pickering Gill (3P, 4P,5P,¢6P 7P, PP) R.Rawthey, Vouth of
Wandale Beck (49W 51W,50W, 53W,54%). . _ -
Diagnosis: Rhabdosome very long and almost straight attaining a breadth of 3

mis distally. Proximal end slender; thecae number 10-7% in 10 mms. Sicula

small.
Descrintion: Lapworth in his original description figﬁred only a distal ffas-

ment (B.U.1548) but the thecal characters were so distinct asvto make them
unmistakeable. He\mentioned that the proxinal end was more slender than in
l.vomerinus Nicholson. Elles and Wood (1910) also figure a distal fragment
(text fig.276b and P1.41, fig.2c¢, actually from Lapworth's type sne01men)

They also figure (text fiz.276a) a poorly preserved prox1ma1 end from Lanworth'
collection but do not described it adequately.

Distal fragments are up to 3mms broad (relief) and are ihvariably straicht |

The thecae are long, overlapping tubes 1n which the sigmoidal curvature is ;

not always clear. The degree of overlap is at least two-thirds., - . gy

Associated with these distal fragments of M.v.basilica are forps referable ?
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to M.v.vomerina, and in addition proximal ends which are straight and more

slender than those of the latter species. They are also quite distinct from

M.v.rracilis and are thought to be the proximal ends of M.v.basilica.

The sicula is 1*3 - 1+5 mms long and its apex reaches to Just below the
level of the aperture of th.l. - Occasional speciﬁégg”occﬁr in which the épex
of the sicula ends about 0+06 mms above the distal extremity of th.l.

Theca_lvoriginates 0+3 mms above the base of the sicula and is approxiuat-
ely 117 mms long. - The proximal end involving about 5 theé;;‘héé ;‘character_
istic "thorn-like" appearance (see P1.4,fig.4) and widens steadily from 0°32-
0¢39 mms at th.l to 065 mms at th.5. Thereafter the rhabdosome widens more
gradually to 1«1 - 1.2 mms at th.16.- Th.16 is the last measurable theca seen
on these proximal ends.

- Thecal spacing is fairly constant at 93~10 in 10 mms over the first lcm
but by th.16 (1% cms from the sicula) it has dropped to 8% in 10 mms.

Remarks: M.v.basilica differs from M.v.vomerina in the characters of both its

proximal and distal regions.  The sicula is slimmer, and extends less far
along the volypary, whilst the whole "thorn-like" nature of. the proximal end
is thinner.

Watney and Welch (1911) do not record M.v.basilica (nor M.beminristis

(Meneghini)) but they may have mistaken the proximal ends here described for
M.v.var. B which appears in their text and tables.  Elles and Wood(p.411)
include M.v.var.ﬁ in their synonymy of var. gracilis but the proximal end

of basilica is distinct from this.

The specimen of M.v.var.eracilis figured by Elles and Wood as fig.3a

(P1.41) is now contained in the Birmingham University Collection as B.U.1549.
This occurs on a slab with many other specimens all apparently identical. In
spite of the fact that they are flattened they appear more robust than M.v.

basilica but agree in thecal count (10 in 10 mms ). The graceful.recurvature
of the proximal end mentioned by Elles and Wood (p{41) does not seem to be

a constant feature and many of the specimens on the same slab as B.U.1549 are
quite straight. Furthermore the sicula on these specimens is 2 mms long and

the author has been quite urable to differentiate these and the probable lecto-

type of M.v.vomerina (B.U.1542)‘Which'is identical in size, appearance of theow

3

ae, and size and position of the sicula (see discussion under M.v.aff vomerina )

Thus M.vomerina basilica (Lapworth) as redefined here is gquite distinet
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from other described species in PBritain.

Pribyl (1940) includes M.v.basiliea in his synonomy of N.hemjpristis
(Fenegrini) but does not fisure or describe this latter fossil. The writer

cannot be certain from the published figures of M;hemiggjstﬁs that it is

synonymous with Lapworth's basilica and the latter is retained here as a

separate species. »

M.v.basilica is the common monocliracid of the zones C.centrifuous -

C.irsectus to C.murchisoni but is less common above.

¥aterial seen: Specimens from Pencérrib Dista]'frarwents from this loca ality

arproximate closely to Lnnworth's type specinmen of W.v.basiliea whilst the

associated proximal ends are very similar to F.v.basilica as described from

Cautley, being rather slender and either straizht or with slicht dorsal curv-
ature. Exampless-~
prox:mal end - S.M. no 422, 125, Porklnson CoWIectlon, Pencerrlo
distal fra*went S.M. no. 422, 123 " o " |
S“GClmenS from "West of Wharfe" (e.ge S.M. no. A22 005) are dlsta] fraﬁs

ments probably referable to M.v.basilica though labelled M.vomerinus.

Specimens from Trecoed (Zone of‘C.mnroh:sonl). These are identical to

those from Pencerrig (S.M. A22 129'30 listed as M.vomerinus var. by Elles
1900 ». 375) V.basilicus is in fact 11qted from Bu11th (Elles 19OO D. 394, -
locality 14, S.M. no. A22141 a-b) but from ‘the’ Zone of C.ricidus. :

PN VS el

Two good spe01mens (the best preserved of those in the’ Sed~w1ck Tuseuw

Collectlon) oceur on a slab 1abb11ed C&mvrchnsonl “(S. M. Nno. A23571) from the

Salopian-of the Cwm Cignant stream ESE. of Llanidloes. ( The cyrtooraptldg
were listed by Jones 1045, p.328). 'Both these vomerine mononrantlds have
the sicula and proximal enrnd preqerved and are 1dentlcal w1th the species heze

defined as M.v.basilica Lapworth

Specimens of M.v.gracilis. Five s&ntjpeétocéur on £lab S.M. no. A51065

one speolmen of which is figured by Elles and Wood as text fl 277 ‘These

sPecimens are almost otralmht and are olose to M.v. bas1lnna belnv perhans

fractionally nore slender.




Monoclimacis vomerina aff vomerina (Nicholson)
Plate 13, fig.3; Plate 23, fig.3; Plate 24, rig.8,5; (Plate 13, fig.2 =
Elles & Wood 1910, P1.41;fi°‘.3a; Plate 4, fig.7 = Elles & Wood 1910, Plate
41, fig.1b; fig.3, Plate 24 = Elles & Wood 1910 P1.41, fig.la, the probable

lectotype)
aff. ; .
1872 Graptolites vomerinus Nicholson 0.53 flg 21. ‘ ;
1876 fonograptus ", Nich. Lapworth D. 353 JP1. 12 flrs ba-e.
1900 " h " (Nich) var.x Elles p.403 & 405,fig.15.
1910 " " (Nicholson). Elles and Wood pp.409-411,text fig.

Lectotypes Not yet designated buf Dr.I.Strachan, Birmingham Uhiversit&.is
considering designating the specimen figured by Elles and Wood (1910) Pl.41,
fig.la, a flattened but complete specimen, described by Elles and Wood aé
"Typical specimen impression, (?) figuréd Lapworth, Geol. Mag., 1876, Pl.Xii,
fig.6a".. This is refered to, hereafter, as the "probable lectotype".
Material: Several specimens in full relief, and other moré‘doubtful fracments,
Horizon and lLocalities: Zones of C.centrifusus -~ C.insectus to M.riccartonen-
sis; Bluecaster Gills, Middle Gill (éM,4N, 11¥);  Near Gill (12N 8W 1ON 11N);
Hebbléthwaite Hall Gill (5H); Wandale Hill Gill A (26W, 28w 29W); R.Rawthey
(?8Ra), Mouth of Wandale Beck (49W,51W,?53W,?54W).

Diasnnsis: Rhabdosome long, more or less straight, reaching about 2 mms in

width distally. Proximal end usually straight and robust. Sicula up to
1+5 nms long. Thecae number 11-7 in 10 mms. '
Descerintion: The rhabdosome is long, straight and stiff tFOUﬁh the proximal
end may be straight or show Sl]zht dorsal curvature.

: . ‘ !
. The sicula is about the same length as in M,v.basilica but is more robust

and its apex usually reaches above the aperture of th.l. . At the extreme

proximal —end the thecae usual]y number 11 in 10 mms, although readings up to
13 in 10 mms are not uncommon. The speclmen flwured by Elles and Wood (P1. 41:
fig.16) has 125 in 10 mms, whilst one on the same slab has 13 in 10 mms. v

Distally counts down to 7 in 10 mms are fairly common.

The whole proximal end is robust and widens rapidly from 0:52 mms to 1um g

%
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after lcm and 1.5 mms after 2 ‘ems. -

Remarks: M.v,aff vomerina is not a common fossil at Cautley.

The probable lectotyrve (8.U.1542) is a flattened specimen about 6% cms
long. At its distal extremity it has a breadth of only 1:69 mns and a thecal
spacing of 8% in 10 mms. The sicula may be fully 2 mms long withuits apex
reaching to the level of th.l which is rather long. In this region the
thecae number 11-10 in 10 mms.

Elles (1900) in her description of M.vomerinus (Hich.)var< gives the

sicula as nearly 2+1 mms long and shows it reaching to about, or just above
the aperture of th.l which again is rather long (fig.15,p.405). |

- It is clear that the description of Hlles and Wood (1910) is not fully
dlagnostlc of the svecimens which they figure. - A thecal count of 11-10 in -
10 mms is given in the diagnosis yet all their figured specimens on P1.41
show less than this. The specimen figured as fig.lc on P1.41; for examnle
has 7% in 10 mms (Birmingham University Specimen XNo.B.U.1544). = Figures 275a
and b(p.410) on the other hand are two specimens which fit very well into
the description. It is specimens such as these to which the Cautley material
is referred, and in fact to which the oft-described K.vomerinus of other work-
ers seems to be referred. = -

0",};'-‘ v'\f(
As has been mentioned b§19§>the probable lectotype of M.v.vomerina eppears

N

to the writer to be synonymous with the type specimen of M.v.sracilis (B.U.
1549). -

In view of the facts described above it appears that a revision of the

species group with a redefinition of its members must be undertaken hefore
any further prooress can be made.

Material seen: Specimens figured by Elles and Wood as text fig.275a (S.M. no.

A22,094).  This is very close to V.v.aff vomerina." A !

0
Specimens from Cgrwen (Denbigh Flags) are also close to M.v.aff vomerina |
(e.ge S.M. n0.422,107).
Srecimens from Crummack Beck. These are vormeriniform distal frasments

possibly referable to M.v.aff vomerina.
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Monoecliracis shottoni spr. nov.

Plate 23, fig.5

Holotymet HUR./28W/76 a complete specimen in full relief.

Forizon of Holotype: Zone of C.centrifusus - C.insectus.

Derivation of name: After Professor Shotton.

Material: Numerous specimens in full relief, all proximal ends.

Horizon and Localities: Zone of C.centrifurus -~ C.insectus; Wandale Hill Gilj
A, (28W), Mouth of Wandale Beck (49W,51W); Pickerinz Gill: (3P,5P,6P,10P);
R.Rawthey (?8Ra). ' C . o '

Diagnosis: Rhabdosome short (?), with slicsht ventral curvature,narrowing dis-

tally. °~ Sicula prominent. ' Thecae with distinct sigmoidal "curvature number-
ing 12-13 in 10 mms. - o , : B

Desoription: No specimens over 7 mms lonz have been obtained and since these
narrow towards their distal extremities it is thought that they are probably
full grown. ~ The maximum width is reached at th.4 and rarely exceeds 0«71 mm,
At th.7 the width has decreased 10-0-58 mm and the distal narrowing is very
conspicuous.

The sicula is 2 mrs long and its apex invariably reaches the level of
the second thecal aperture. _ It is 0+29 mm wide at the base and shows.a fainy
ventral curvature.: Th.l.ariSes‘O-QO mm above the aperture of the sicula.
Thecal lengths are as follows:~ th.l, 0*9 nmmy th.2, 0°9 mm; th.3, 1°*17mns;
thl4, 1423 mms; th.5, 1+3 mms.

Crowth segments are usually visible on the thecae but not on the sicula,
As in the case of NM.haupti (Kuhne) there is an increase in thickness of these
segments from the rroximal to the distal thecae. = In M. shottoni sp. nov.
there are over 20 growth segments-in th.l (7-8 in the metatheca) but each
theca beyond only has 14-15 such segments (6-7 in the metatheca).” There is
no digpinution in width of the rings in the region where the rhabdosome berins
to narrow’ (th.5-7).

~'The'thecal margins are not "hooked" but appear to be-slightly everted.
Remarks: M.shottoni sp. nov. closely resembles those specimens fisured by

Elles (1900) as M.vomerinus var " _and included by Elles and Wood (1910) in

their synonomy of M.cremulatvs Torng.  These, which are fisured natural size,

are rather broader than the Cautley svecimens, however, but have the same
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sized sicula (2mms) and the same thecal count (12-13 in 10 mmrs), similar gen-
eral size, and are recorded from the murchisoni Zone. (Referenoe to their
table X, p.406, suggests that the figures may bc more - than natural size.)

No other figured nrox1ma1 ends of M. crenuWata resemble the Cautley spec-
ies. . Dr. Hede informs the writer that Tornquist's original material may
have been lost since he has found no trace of 1t in the Lund Palaeontolozical
lWuseum and it does not appear té be in the Nuseum of the Geological Survey
(Stockholm).

The specimen Ilgured by Elles and Wood (19]0 text fig.278a now in the
Dept. of Geology, Birmingham, spec. no. B.U.1555) appears to be little diff-
erent from their M.cfr. greistonensis (text fig.280a,P1.41,fig.6a-b). This

latter species has been more fully described by Wilson (1953) from material

obtained from his M.greistonensis Zone in .the Cautley district (cf. their fig,

280a with Wilson's fig.26). The diagnostic characters are:- a) sicula 1.5mme
apex mldway between th.l and th. ?- b) -thecae numbering 12-9 in 10 mms; c¢)th.
1 and th 2 "hooked" Specimen B U 1555 ﬁasla 1. 5”mmsllon* sicula whose apex
reaches nidway between th.l and th.2 but the thecal count of 14-13 in 10 mms
vroximally is rather higher. The rhabdosome widths are very 51m11ar,w1th the
Cautley specimens perhaps a fraction narrower.

Pribyl (1940) includes M.cfr.greistonensis Elles and Wood in his synonomy

of M.linnarssoni Tullberg, but this in the author's opinion this is a more

doubtful step since the thecal spacing is distinctly less (Tullberg 1833 gives
8-9 in 10 mms, Pribyl.10-8 in 10 mms). k

¥.crenulatus (Elles and Wood fig.278a on1v), M.efr.greistonensis (El]es’
and Wood 1910, fig. 280a), and Monoclimacis sp. (Wilson 1953, figs.25- 26),

Ot AL "/‘-"

are therefore considered to be synenvmou and quite dlstlnqt from H.crenulata,I

M.creistonensis and M.linnarssoni. . ce - .

Material seen: M.shottoni sp. nov. was first recorded by Professor Shotton

(1935 from his locality nett Sw1ndale Beck as M.vomerinus wvar. crenulatus

(To}nqﬁist). . Some of these specimens are now contained in the Sedgwick Mus=-
eum, Cambridge and are identical with the Cautley species. The associated
assemblage is also the same (for further discussion see p.~53).

, Snec1mens of M.crenulata from Llanidloes, Montgomeryshire, listed Jones
1945 p.327 (S.M. no A23574, and A23573) - The former has a more slender n*or~;

imal end than M.v.bas Jllca and has a sicula who i@ apex @xtends to mndway bet-

Ween the apertures of‘th.l and 2. The specimen listed by Jones 1045 1.325
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(8.M. no. A23568) is recorded from 40' above the base of the Salopian. It

differs little, if at all, from the form here described as Mev.basilica.

Specimens of M.crenulata from the Zone of M.crenulata, Denbigh Shales,

Penarth Uchaf (N.W. of Pen-y-glog). These are median fragments labellied M.
crenulatus Tat, (S.M. nos. AP2023-4).

Monoeclimacis linnarssoni (Tullberg)
Plate 24, figs.1,?

1883 ' Monograptus Linnarssoni n.sp. Tullberg p.20,P1.2,figs.5-9.

Materials A single distal fragment, low relief, 5% cms long, one proximal
end in full relief, other more doubtful fragments, -

Horizon and Localities: Zone of C.centrifusus - C.insectus; Middle Gill (4¥),

Descrintion: The distal fragment of the rhavdosome is quite straight and- ia11y
5% cms long: * At the most proximal point seen, the width is 0«91 mm. The
rhabdosome is almost parallel-sided since at the dist:l extremity it 'is stili

i
i
z

only 1+17 mms wide. °
The thecae are sicmoidally curved tubes, inclined at a low anzsle to the
axis (anproximately 20° ) and numbering 9 in 10 mms throuchout the whole lengt}
Excavations of the ventral margin are conspicuous and deep, occupying almost
half the width of the polypary. © The length of the excavations is 0*4 mms.
The proximal end has thecae which are identical in their general charact-
ers to those of the distal fragment. They number 10 in 10 mms. - The sicula
is long and slender measuring slichtly over 2 mms and reaching nridway between
th.1l and 2. In this respect it is very similar to Tullberg's original figure
of the proximal end.
Remarks: The thecal characters distinzuish this rare species from all others.
oceurring at Cautley. It closely resembles Tullberg's orisinal figures, the

only difference beinz that the Cautley specimen . has a slightly longer excav-

ation. - Tullberg (v.20) gives a thecal count of 7-8 in 10 mms but Pribyl
(1940) rives a range of 10-8 in 10 mms. = . - . . i

Vaterial seen: Specimen from Grieston Quarry (S.M. no. A{2017) labelled ¥.1linnr_
—"'.“"-\

arssoni. This, however, seems indistinguishable from M.gsriestorensis which

occurs in abundance at the same locality.
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Fonoclimaecis sriestonensis nicoli subsn. nov.
Plate 21, figs.7,8. (P1.21, figs.9,10 = Elles and Wood 1910, text fig.270%a,
' ‘ and Pl.41, fig.6a) ~

Holotyne: HUR./BP/19, a proximal end in full relief with sicula preserved.

Horizon of Folotvpe: Zone of C.centrifurus - C.insectus.

Derivation of name: "Latinised", after Nicol author of M.griestorensis. .

Material: About 5 specimens in full relief.

Horizon and Loecalities: Zone of C.centrifusus - C.insectus.

Diagmosis: Rhabdosome prohably quite short, slender and frarile.: Maximum
breadth seen 0«3 mm. - Thecae long, narrow tubes closely adpressed to the axis
numbering 9:-9 in 10 mms. ‘
Descriptionts The only parts known of this subspecies are proximal ends and
fracments of proximal parts.  The maximum observed width is O3 mm which is
achieved 5 mms from the base of the sicula.
The sicula is prominent, 15 mrs Jlong, and its apex reaches almost to

the level of the aperture of th.l. -7 It is furnished with a short slim, vir-
gella at the aperture which measures 0.2 mm across. Th.l arises 0.4 mm atove
the base of the sicula and is 117 mms long.  Thecal overlap is slight (one
quarter). ' i ) AR

- _Rach thecal tube grows parallel to the axis for a2 distance of 0*5 mm ang -
then takes a small but slight bend towards the ventral surface resulting in
a shallow excavation. Thereafter the thecae grow inclired to the axis at
a very low angle indeed. R
Rerarks: In geveral form this subspecies is closely related to fossils of the
M. riestorensis Group. : The diagnostic features outlined above fall within

the range of those in the detailed description by Elles and Wood {1910),  Howd

ever, fig.279a of these authoresses has 13 thecae in 10 mms in both theAfigure
- ; : . . <

and the specimens (B.U.1556). ~ The specimen figured on their P1.41 (fisvfh),

which occurs on Nicol's tyve slab, has 14-12 thedae in 10 mrs. (Occurring on

the same slab are two specimens of M.sriralis s.]l. and one badly preserved

specimen which might be M.rriestonensis).-

It is clear from these specdimens that M.sriestorensis nicoli subsp. nov,

is more robust at the proximal end and has a much larger sicula. - (The siculn

on their fig.279a is 0«7 mm long). The degree of sigmoidal curvature of the
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thecae is also slightly less in the Cautley subspecies and the excavation
smaller.
Pribyl (1940) describes-a new subspecies M.g.rinuta and redescribes

Boucek's M.g.kettneri. M.o.nicoll subsp. nov. scems to be quite distinct

from these forms though it resembles M.g.minutas in the narrow width of the

rhabdosone.

Material seent Specimens of M.g.eriestonensis recorded Elles and Wood p.414

from the Talerddig CGrits (Ar1673-6, Sedgwick Nuseum). Specimen listed Jones
1945 p.327 (S.M. no. A23576).

Specimens of M.c.criestonensis in H.lM. Geological Survey MNuseum.

Specimens figured Elles and Wood P1.41, fig.6a and text fig.27%a (Birm-
ingham University Collection nos. 1559 and 1556 respectively) The former occ-

urs on the same slab as a specimen of M.spiralis s.l.

Monoglimacis kingi sp. nov,

Plate 22, figs.5-10; Plate 11, fig.1l -

Holotvne: HUR./19N/70,~a flattened proximal end 3 cms long, with sicula intact]
Horizon of Holotyre: Zone of N.flexilis belophorus Near Gill (19N).

Derivation of name: In honour of the late Professor W.B.R.King contributor for

many years to the problems of Lower Palaeozoic stratigraphy.

Material: Several hundred specimens, all flattened, many well preserved.

Horizon and Localities: Zones of M.riccartonensis (Stage 2) to C.lundcsreni
(Stage 4); Bluecaster Gills, Middle Gill (16if,19M,20M, 221N, 23¥, 25-301)
Near Gill (14W,16N,194,16N,17N,20-23N,25-29N); Wandale Hill Gill B (43%W,44W,
45-46%); - R.Rawthey (11 Ra,10Ra,9Ra); MNouth Wandale Beck (67-69W).
Diasnosis: Full length unknown but probably more than 30 cms. Distally rea-
ches 2 mns (flattened) from 0°3 to 0*5 mm proximally (flattened). . Dorso-
ventral curvature. Thecae number .10-8 in 10 mrs.

Descrintion: The rhabdosome has a very characteristic appearance widening from

a slender and graceful rroximal end, which alwost invariably shows distinct

dorsal curvature, to a long and variously curved distal region. Whilst many
R

are almost straight, equally as many show slicht ventral or dorsal curvature
o |

and the complete rhabdosome would probably show variable curvature ‘




198‘

For the first 3-5 mms, the proximal end is sharfly recurved and the sic-
ula prominent. In relief it must be extremely slender.

The sicula is 2 mms long and its apex is above the level of the aperture
of th.l. Occasional specimens show a slightly shorter sicula but this reaches
only just to the level of the aperture of th.l and ite true apex may be hidden

Th.1 originates fully O.4 mm above the base of the sicula which is there-
fore consricuous with its short virgella, The sicula is rarely curved. At
the proximal end the thecal sracing is most constant at 10 in 10 nms. The
chance dietally is very gradval and even the most distal fragments do not
show less than 8 thecae in 1V mms.

" The excavation is well marked throughout the polyrary but distally it
often ircreases in lensth. . As a rule it occupies about one-third of the
width of the polypary.

Remarls: M.v.basiliea is the only form with which N.¥in-i sp. nov. might be

confuced in the proxiral region. In reality however the latter epecies is
distinct in beinz far more slender, in lacking the "thorn-like" aprearance,
in having a longer sicula, and in being recurved proximally. The distal
thecae are quite different. : :

T+ is this subspecies which Wainey and Welch probably mistook (in part)
for their higher recordings of M.v.var.B (In the lowest beds they nrobably
confused M.v.basilica for their M.v.varf{). -

The presence of a pristioform view of M.kinsi sp. nov. possibly exnlains

their high recording of M.Hisingeri Carr. var. = (= P.watneyi sp. nov.‘);

Specimens of M.kingi sp. nov. obtained from the Zone of C.lundcreni (Stacd
4) are even more slender than those from Stages 2-3. - The thecae are more
closely spaced and often number 11 in 10 mms at the proximal end. -~ Thecal
counts of 10 in 10 mms often extend for several cms.along the rhabdosome.
Thus whilst the species has a long range, the latest representatives are of

stratigrarhic imnortance. - Since they are easily separable from those below,

they misht perhaps, merit description as a new subspecies.

[




Vonoclimacis haunti (Kuhne)

Plate 23, figid .« ..o .

21955 . Monograptus haupti- n, SD. Kuhne pr.365-8, Figs. 3A-F. .
1958 Konoclimacis haupti (Kuhne). Urbanek pp.88-92, Text figs.59—65,P1,
' 1V, fig.5.

Holotyre: Specimen figured by Kuhne (1955) fig.3A-F.

Material: A single specimen preserved in full relief, proximal end.

Horizon and Localities: Ludlow Seriesj Zone of P.nilssoni, ?lst craptolite
band; Wandale Hill (2W). -
Diasnosis: Rhabdosome short, probably almost straight, sicula conspicuous ang
ventrally curved. Thecae with distinct sigmoidal curvature numbering 12-14
~in 10 mrs. : ) ‘ .
Descrintidﬁ: Theléiéﬁ1a<has a miﬁi&umvlength of 143 mms. Its apex is hidden
but probably extends to the level of the second thecal aperture. In spite
“of the fact that the specimen has been displaced at the level of th.3 (giving
an apparent dorsal curvature) the‘sioula is clearly curved ventrally. Three
distinct rings are present on the upper half of the sicula which are thousht
to be equivalent to the "peridermal rings" described by: Urbanek (1958 p.58).
At the base the sicula is 0.32 mm across and between this point and the lowes+
peridermal rins there are about 35 growlh segments. This figure agrees very
closely with fig.6lc (Urbanek 1958, p.90). - The middle peridernal ring is
0«26 mm above the lower, and the top one 0¢13 mm above the middle.

Theca 1 originates O¢l mm above the base of the sicula and has a length

of O.7 mm. Succeeding thecae increase slowly in length up to th.5 (the last

measurable thecae/ which is 1.3 mms long. At this point the width of the

rhabdosome is O+¢71 mm.

Each protheca has approximately 14-15 growth segments (counted in profile|

view) and the metathecae 8-9 segments. There is a distinet and gradual in-

crease in the width of the growth segments (measured in the same rlane as the

length of the rhabdosome) from the sicula, where they are very closely spaced,4

to th.5 where they measure 0°05 mm acwoss.
Remarks: Urbanek (1958) showed that Kuhne's species was in fact a Fonoclimacig

in view of the strong sigmoidal curvature of the thecae. Furthermore he gye.
¥ ]
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cests (n 90) that M,h2upti may be consneclflc with Monograntus praeultinus

Munch. M, praeultimus has thecae of the "ultimus" type, attains a length of

4+5 ~ 75 mms long and ha° a thecal spacinr of 12 14 in 10 mms . Its maynmum
breadth is 1.1 mms. M. ultamnw Perner is also con91dered by Urbanek to be

referable to Nonoolimqoiq Frech.

The 'specimens descrlbed by Kuhne (1995) and Urbanek (19%8) were obtalned

from erratlo boulders.

»

? Monoclimacis sp. A

Plate 21, figs.5,6

Material: 2 flattened proximal ends, both obliguely comrressed.

Horizon and T.ocalities: S233,3 M.crispus Zone, Spengill.

Descerintion: This rare form has a distinct avppearance of the thecal aperture
(fiz. 6 P1.21) which is seen as a small semicircular excavation beneath a
"flanze" on the geniculum of the succeeding tﬁecé. The "flange" is thoucht
to be the compressed appearance presented by a monofusellar structure of the
type descrzbed by Urbanek (19b8) A1l the thecae on both specimens show this
feature. B '

v The 51cula may reach l 82 mms in one snecimen and 1s 1 7 mms in the oth@r.
In both cases the apex of the sicula reaches the level of the aperture of th. 2.
Proxlmallj the thecae mimber 12~ 13 per cm. Bv the tlme th 6 and th 7 are
reached the thecal count has dropned to 11 per cm.

The width of this form may be increased by the flattening and compression
which it has undergone but ranges from 032 mm at the proximal end, to 0-52 mm
at a distance of 6-9 mms.from the base of the 91cu1a. These figures exclude
the"monofusellar' structure whlch at th.7 (tbe most distal theca seen) is 0-19
wide. A slight dorsal curvature is seen at the extreme proximal end of the
rhabdocome but this is effected purely by the addition of the sicula to a

prerfectly straight dorsal margin.

Remarks: The thecal count is similar to that found in M.ofr.gsreistonensis

— m———

Elles and Wood (1910) and Monoclimacis sn. Wilson (1953) but it differs from

thege in having a longer sicula reaching f ]
-1 & o g Turther along the rhabdosome, and in

J m ™
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and it is possible that this form, occurr1n~ as it doss at a lower horizon,

may be a forerunner of Nono~r9n+u° oP* ﬁrjestonensws Elles and Wood.

There is little doubt that Monoclimacis sp. Wj]son is s synonymous with

Vonograntus cofr., griestonensis Elles and Wood. Furthermore Prlbyl (70’0)

includes the latter in his synonomy of Enﬂocllmanls 1innarsoni (mU]]hPTm)

The validity of this last sten is more doubtful =1nce Pr1byl clves a thac 1

count for NM.linnarsoni of 10-8 per cr. whilst Tul]ber~ 1RQ3 cives 7-8 thecae

per cm., Monoclimarnis linnarsoni (mullberv) may occur at a qllﬂht]y hisher

nr

horizon than Foroelirescis sn. Wilson and N.cfr.;grﬁestononsis Elles and Wood,

-

genus PRISTIOGRAPTUS Jaekel; 18F9ﬂ

Tvne Svecies: P. freouens Jaekel, 1889

Oeneric diarmosiss Rhabdoeome of very varzaole lanmth ana curvature but conm-

only almost stralght; thec ae are stral~ht, simple tubes throunhout the lengtr
of the rhabdosome, and bavg varylnideﬂree° of over1an, and 1wn11n9tuon-

siculae from small to very large; flattenod sre01meps nay 000981ov91]v be

confused with Nonoclimacis Frech.

penus PRISTIOGRAPTIS, GROUP

Dia~nosis: Rhabdosome usually with strone dorsal curvature proxirally and,
perhaps-related to this, a tendency of the thecal apertures to expand; distal
parts rore or less straisht and in this reﬂlon thecae are ]onb, ‘narrow tubes
often with great overlap; anzle of inclination generally low-4 siculae very
lonz. ‘ ‘ ' - o ‘

Horizon: typically the Lower Llandovery.
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Pristiocrantus sregarius (Lapworth )

Plate 23, fig.8; Plate 24, fig.l0

15851  Graptolites Nilssoni, Barr. Harkness p.61,Pl.1,fiss.Ta-d. .

1868 LI " " . Nicholson p.537. (vars) P1.20,fiz.10.

1876a Monograntus gregarius, sp. nov. Lapworth p.317,P1.10,figs.l2a-~c.

1876b - - "o " S -Lapworth P1.1,fig.7.

1877 " " ~« Lapworth p.131,Pl.5,fig.4. .

1892 . " " Lapworth. Toernquist p.8. . .

1897 - Pristiograptus " . - . Frech p.660,fig.215,P1.1,fig.3-5.

1899  Monograptus " Lapworth. Toernquist p.4-5,Pl.1,figrs.1-6.

1010 ¢ " - " " .. Elles and Wood p».365-6,FP1.36,fics.
| . 3a-d,text fig.238a-b.

21924 0" " " Hundt P1.5,fig.4. -

719131 " L " .. Haberfelner Pl.l,figs.1, )

1940 " noo Desjo.p.31,P1.2,figs.16,17;_1

?1945 " " " u.Waterlot P1.23,fig.260.

1947 " c¢f. cregarius " " Ruedemann p.481,P1;84,fig.1.

. ?1962  Pristiograntus gregarius (Lapworth)., Romariz ».282 (ngt fjgured)
Material: Many specimens usually in low relief preserved in pyrites, occas-
-ionally in full relief.

Horizon and Localities: Zones of P.cyphus, M.triansulatus, D.magzfus, P.lento-
theca up to M.sedgwicki; Spenzill (S9-13 (7), S13-17, S24-28, S28-37, S36-
39, S75,9+4 (?) )3 Birks Beck (7Bi,8B1,9Bi,681); Pickering Gill (}14P);
‘Watley Gill (6Wa).

Dia~nosis: Rhabdosome dorsally curved throughout, usually only a centimetre

or two long, - Sicula extremely long and prominent. Thecae siwrple tubes of
very characteristic appearance.

Description: The most characteristic feature of this species is a longz sicula,
In most of the Cautley specimens this is abouf 5 mms long and its apex reaches
to at least the level of the aperture of th.3, and usually to that of th.5.
This latter feature, besides showing considerable variation, is also often
difficult tp determine since the avex often passes quite imperceptably into

the dorsal margin. The base of the sicula (relief) is 019 mm across and it i

i
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maintains this width until th.l originates 1+3 mnms above its base At the
point of origin of th.l the rhabdosome is 0+36 = 0.27 mm broad, but at the
aperture of th.1l this has increased to 0«58 mn. Th.2 arises only a short
distance above the base of th.l so-that there is considerable overlap even at
this stage (tWO—thirds) The thecal length remains constant at least up to
th.7 (2°2 mms) but the overlap besins to decrease slis “htly.

Distally the thecae are little different and the rhabdosome does not
exceed aboutﬁo-7 mm (in relief) whilst some specimens show a slicht decrease
in width immediately the sicula is »assed.  Throughout the rhabdosome the
thecae number 9i=10%t in 10 mms and the apertural margin is at rizht angles to
the axis. ' k

Specimens recorded from higher levels do show some differences. Those

from the P.lentotheca Zone (e.z. 6Bi,Birks Beck), whilst having a typiecal

vroximal énd, are associated with long distal fragments which ray be conspeci-!
fic. These show typical thecae with vp to about two-thirds overlap. The
common canal is Very wide in proportion and the thecae show a distinct sig-

moidal curvature not disirilar to that seen in lMoroslimacis. A slight‘sjg-

moidal curvature is sometimes seen in the proximal thecae.

Waterial from the Zone of M.sed~wicki, whilst similar to P.-rerarius

in most characters, seems to have a high thecal count of 14-15 in 10 mrs.
The apertures\in these specimens have an appearance of introversion but tris
almost certainly is due to crushing. ‘

Further material may show that there are several varieties of this epecies
perhaps with stra tigraphic 1wnortancp, and perhaps also showing some link with

P.evrhus.
Material seen: Specimen thought to have been firured by Harkness (1851) on

P1.1 fiz.7a (H.M. Geological Survey Collection)

Specimen in Sedswick Museum, Cambridge.
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~Pristiosraptus eyphus (Lanworth)
Plate 4, igs.10,12,13.

t

i
!

1876  Monograsptus cyphus, sp. nov. Lapworth p.352,P1.12,figs.3a and 3c, (nong

3b and 4).
1910 " " - lIapworth. Elles and Wood pp.362-4,text figs.236a~
d,P1.36,figs.la~c.
1924 " " " Hundt P1.4,figs.24,30-33.
1945 " " " Waterlot P1.22,fig.258.

Material: At least 20 specimens, usually fragmentary, none in relief.
Horizon and Tocalities: Zone of P.cyvhus, ?Zone of M.trianoulatus Spengsill ;

(89-13, £13-17 (common), S17-20 (common), S20-24); acinaces Zone;(12Wi)

Diasnosis: Rhabdosome with conspicuous dorsal curvature throughout. Proximalt

end slender with long sicula. Thecae lonz, simple, overlappings tubes number-

ing approximately 10 in 10 mms. . o .

Deserintiont Because of its considerable length the rhabdosome is invariably
fragmentary in the Cautley specimens. Nevertheless, these usvally show the
dorsal curvature and the characteristics of the thecae. | N

The proximal end is slender and has a width of 0+39 mm at the level of
th.lk(in flattened material). - The apex of the lony sicula extends almost to
the level of the aperture of .th.2. . Theca 1 is almost 2 mms long and overlans
th.2 for about one gviarter of its length. Compression distorts the characterg
of most specimens to a certain extent but the thecal apertures seem to be
very slightly everted, Naturally oblique compression at one angle will acc-
entuate this, whilst at another it will subdue it, and the thecae may appear
to have horizontal apertures. .

More distally the thecae increase in length, overlav, and angle of inclind
ation to the axis. Here they measure avout 2-5 mms long, occasionally more,
and are relatively narrow (0+4 - 0.5 mm) . The angle of inclination is 10°9-
20° and they overlap for two thirds of their length.

Remarks: P.cyphus is common in ite own zone but may extend a little above ints !

the Zone of M.trianculatus. It is distinsuished from most forms by its prox-

imal end. From P.gregsarjus it differs in having a shorter sicula which onlwv

extends to midway hetween th.l and 2.

o i o 5 iy e s



<«

The distal thecae could be confused with other types having lons, simnle

overlarninz tubes, but from P.lentotheca, and P.acinaces it is fairly distinct

Vaterial seent Specimens in Sedgwick Museum, Cambridge.

Pristiorrantus aff. acinaces (Tornquist)

‘Plate 4, fig.1ly Plate 24, fig.1l

aff. |
1899  Monograptus acinaces n. sp. Tornquist p.5,P1.1,figs.7-8. %
1909 o rheidolensis Sp.:nOV. Jones 1p.535,figs.19a-c. :
1910 " ‘ acinaces, Tornquist. Elles and Wood pp.364-5,text fig.

'237a-d,P1.36,figs.2a-c. - i

Materialt About 50 specimens, always flattened.

Horizon and Localities: Zones of P.acinaces - P.cynhus; Spengill (S13-17,
§17-20 ., S9-13)s Pickering G111(14P).

Deserintion: This species has resemblences to both P. acinaces and M.incomm=
PresdiSamiinsturuet s e, e

;
i
!.
L
|
i
i
I
i

odus Toernguist. The reason for this is partly a matter of preservation since

only the outline of the fossil can be determined. It differs from V. inoowmi

|

N

odus in the'appareht lack of sigmoidal curvature of the thecae, the everted

apertural margins, the greater thickness, the greater range of thecal spacing,

and an apparent increase in thecal overlap distally.

No extreme proximal ends have been found but several slender and slowly
widening specimens occur.  The most glender of these has a width of 0.5 mm,
whilst the distal fragments are 1°3 mms widse. The thecal spacing varies

from 5-7 in 10 mms proximally, to 12 in 10 mms distally. Coincident with

this increase in thecal count is a slight increase in anglé>of ineclination
coupled with an apparent increase in overlap of the thecal tubes.

These specimens seem to show neither the width of rhabdosome: (though dis~1
tal fragments may be lacking) nor the apertural expansion of P.acivaces. This
1atter feature may possibly be obliterated by flattening although the opposite1i

would be expected.

The exact length and overlap of the thecae cannot be determined but both i

valves appear to be less if the anrle of inclination is any guide.
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A furtbef point is that the proximal regions of all these specimens are
gently curved dorsally, not moderately recurved as figured by Jones (1909) 2nd
Elles and Wood (1910) for the Rheidol Gorge specimens.

On general form and outline P. aff. acinaces bears a superficial resemb-~

lance to other forms.  From P.concinnus and M.sandersoni it difrers in its

invariable dorsa1 curvature. Another species of similar dimensions is M.

atavus Jones and it is possible that the form here called P, aff. acinaces is

in reality a variant of the former but lacking the sigmoidal curvature (it
might be obliterated upon compression), and with a low angle of thecal inclin~@
ation,

Remarkss M. aff. acinaces occurs in S13-17 in what appear to be loose (or coilJ

psed). "colonies" of rhabdosomes. ; ,
Material seen: In E.M.Geological Survey Luseum, specimen f1“ured Elleq and

Wood P1.36,fig.2b, cited p.364—,, _specimen flgured,Jones 1909{f15.19c and

again by Elles and Wood P1.36,fig.2d;. specimen figured Jones 1909 fig.19a ;
and again by Elles and Wood P1.36, fig.2a and text fig.237b; specimen figureq ;
Jones 1909 fig.19d and again by Elles and Wood as text fig.237d.

PrnstJOﬁrantus lenfofkeoa (Lapworth)

Plate 4,fig.8,9; Plate 13,fig.10; Plate 23,f13.6?7, .Plate 24, flo

1876a lonograptus leptotheca, sp. nov. Lapworth”pp.352—3,P1.12,fi€.4a_e,'.(

1876b no " - e Pll, . fig.14.

18771 . w " - « " r.130,P1.5,fig.22.

1882 . " " . Tullberg p.12,P1.2,figs.8-12.

1897 Pristiograptus " . . Frech p.657,fig.212.

1899 - Monograptus " Lapworth.  Toernguist p.5-6. ..

1910 - " L " " Elles and Wood pp. 371 -2,text fig,

, | ( | ‘ . 242a-c,Pl.37,figs.2a-d.

21024 o o Hundt, P1.6,fig.1-4.

1945 A Lapw. Waterlot P1.24,fig.267.

1949 - " (Pristiograptus) leptotheca Lapwérth.} Obut p.21,P1.4,figs. §
R la-b. |

21961  Pristiograptus leptotheca (Lapworth). Romariz in text, not figured or

described.
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?1962  lonogrartus leptotheseca lapworth. Romariz p.283,.net.fisured.

Material: Many specimens, always frasmentary, but preserved in full relief in
pyrites.

Horizon and Localities: Zones of M.trianrulatus, D.magnus, P.lentotheca and
M.sedrwicki; Birks Beck (9Bi,6Bi,5Bi); Spenzill (S75,9.4, S80,8.4); Watley
Gill (11Wa,S%Wa).

Diarnosis: Proximal end unknown, but specimens close to it have been obtained,

Rhabdosome more or less straight throuchout. Thecae characteristically of

extreme length and tenuity (in profile). Maximum width over 2 mrs. Theoae;

number 8-10 in 10 mms.
Description: Usuvally only short frasments of the rhabdosome are obtained but
thn th@cql characters are so distinct that conIUSlon with other forms is not
likely. ~ The rhabdosome is more or less stra:ght and dlstallv reaches a
thicknéss of over 2 nms and nefhaps hearer 2v mns; Tne tbecae are so long
and thin in profile, however, that thev easily c~11c1e over one another on
comnreoelon to nroduce a dlsplaced. or a sinuous dorsal margin (see fig.8,
P1.4). '

At a width of 2 mms (on the rhabdosome) the thecae have a length of up

i

to 6 mms and more distally may be even longer. In these areas the overlap
is often more than three-guarters of their lenNth. . There is often a rronoun-:
ced expansion in the region of the aperture. The apertural margins appear

to be guite even and at right anwles to the length of the thecae. Because
the thecae are inclined at a low angle to the axis (lCO) the anertural Tarein
appears to be annrox1mate1v horlzontal. ‘

A proximal end with sicula attaohpd has not been found, but specimens
showing the typical thecae down to a breadth of less than O- «5 mm have been
obtained.  On these the thecae are over 3 25 mms 1on° and stlll overlap‘for

more than half their length.

Remrarks: Elles and ¥ood (1910) place this species«in their Gp.1A 2. along with |

M. r@ﬁuW&Tl%, M. jaculum ete. In view of the dontinucd eloﬁ“ﬁtioﬁ of the prox~

imal thecae the writer takes the view that it may h= ve mere affinities with
forms like M.acinaces Toern. whlch Elles and Wood nlaoe in Gn. IAz (a). Tre
whole form of the thecae is c]qse‘to ¥.20ipaces and thp nroxamwl end may wel]

turn out to be of that type rather than the stiff "nudua" type with its short

|
|
|

1
!
|
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thecae and small sicula. P.lentotheca is here, therefore, included in

Pristiosrantus Group A.

Vaterial seen: Specimens in H.M.Geological Survey Museum, fisured Elles and
Wood P1.37,figs.2d,e.

Srecimens in Sedcwick liuseum, Cambridge, -

genus PRTSTIOGRAPTIIS, GROUP B

Diagnosis: Proximal end usually straicht, slender, with short thecae of small
overlapr; sicula small its apex not extending to the level of the apertiure of
th.2; distal thecae variable, eit-er long tubgs with considerable dverlap or
short, broad tubes with much less overlap.

Horizon: Typically Middle and Upper Llandovery.

Pristiozrantus nvdus (Lapworth)

Plate 5,fig.2.

p.33,P1.2,figs.2a-b,3a-b,4..

-+

1852  lonogransus sagittarius Hisinger

1853 " " " . Pichter P1.12,fig.10. , '

1876 Yonograntus Hisingeri, Carr. sp. Lapworth pp.350-1,P1.12,figs.la,1b,1d,
le,?1f. .

1880 " " "  var. nudus var. mov. Lapworth. p.156,P1.4,

figs.Ta-c.

1283 " Hisingeri Carr. Tullberg p.18,P1.2,figs.45-48. "

1890 " " " Geinitz P1.A4,fig 3. .

7?1897 " " Carruth. Perner p.11-12,P1.13,figs.2-4,6, (non 5)}

1899 " nudus Lapworth. Toernquist pp.8-9,Fl.1,fig.18-20.

1908 " Hisingeri Carruthers. Allachverdjiew pp.338-0,P1.4,fi~. 6
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1910  Yonograptus mudus (Lapworth). FElles and Wood rp.375-6,text fig.246a-4d,

P1.37,figs.6a-e.-

21931 n cf. nudus Lapworth. Aigrer fig.4.

1940 " nudus Lapw. Laursen p.22,P1.1,fig.3,text\fig.8.

1945 L " " Waterlot P1.25,fig.276.

1948  Pristiogravtus (Pristiograptus) mudus (Lapworth 1880). Pribyl p.74,

non fir.

1949  MNonograptus " " (Lapworth). Obut p.21,P1.3,fis.
Ba-c.

1950 " " " " Obut p.21,P1l.3,figs.
8a-c.

1052 Pristiograptus (Pristiograptus) nudus (Lapworth). Munch p.%2,F1.21,
Tigs.la-1b.
1954 Monograptus nudus (Lapworth). Wilson, in text and tables.
1955 Pristiograptus (Pristiograptus) nudus (Lapworth 1820). Pridbyl arnd
Spasov. p.193,non fis.
1962  Pristiozraptus vmdus nudus (Lapworth). Romariz p.284,%P1.13,fics.4,5,

P1.16,fiz. 1.

Ientotyvne: Specimen figured by lLapworth (1876) Pl.12,fig.la.
e ]
NMaterial: Over 100 specimens, invariably flattened but some well preserved.

Horizon and Iocalitiest ? Zone of M.sedgwicki, Zone of M,turriculatus, V. i

orispns and M.~riestorensis (in the sense of Wilson 1953)s Spenzill (2873, 3
11-4 - S80,8+4, S$197,55 - S259,1:25, 5264,5); Wards Intake (5%i).

Diarnosis: Rhabdosome straight, with slight ventral curvature at the proxiral
[

end in some specimens. Thecal tubes characteristically inclined up to 400,
and numbering 12-8 in 10 mns.

Teanrintion: The rhabdosome usuvally reaches a length of 3-4 cms but may be
longer. Typically it is stiff but material from the hisher zores often shows|
a slight ventral curvature at the nroxiral end. .

The sicula is small and its apex only reaches to the level of the avert-

ure of th.l. Proximally the thecae are closely spaced, particularly over i

the first few mms where they number 12 in 10 mms, Their density rapidly fall:

to 9-10 in 10 mms, which is maintained throughout much of the length, althouch
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occasional distal rezdirgs of 8 in 10 mms are obtained.

At 3 oms from the sicula a width of 1¢43 ~ 1.5 mms is reached. From
this point the inecrease in width is slow but the final width may approach 1.7
TS,

The thecae in the adult portions are almost 2 mms long and overlap app-
roxinately for one half of threir length. A-characteristic feature of this
species is an expansion in the free ventral rersin which, on compression, mAy
zive rise to a slizht execavation. The ~ngle of inclination is about 30-40°
and only rarely exceeds this value.

Pemarks: The Cautley specimens do not differ appreciably from other described
material,

¥aterial seen: Sn

3
[

+

cimens in H.}M.Geological Survey Collection and the Sedowick .

Museum, Carbridge.

Pristiogrontus watnevi sp. nov.

Plate 12, firs.7,8.

?1900 . Monograptus Hisingeri Carr. var., Elles in tables and text, non fig.

?1911 . " hisingeri " "  Watney and Welch in tevt and tables,

non fig,

Holotyne: HUR./37V/19 and counterpart /17, specimen in full relief with a
total Zength of about 14 cms.

Horiznon of Halotvne  Zone of C.centrifurus - C.irsectus,

Derivation of name: After G.R.Watney Joint authoress of "The Zonal Classificns
ion of the Salopian Roecks of Chutley and Ravenstonedale" 1011. ;
Material: One well preserved specimen (the holotype), and another frazmentary f

but well preserved specimen. Other doubtful speéimens.

Forizon and TLocalities: Zones of C.centrifuris - C.insectus to Zone of M.ricc
a— 3

Artonensiss doubtful above this latter vone; Wandale Hill Gill B (37W); Hob-
dnle Back (1Hd); Bluecaster Gills (?Middle Gill and Wear Gill). 1
Diarnosis: Rhabdosome long and quite straight, reaching a distal breadth of
23 mms.  Thecae sirple over]apping'tubes numbering 13-7 in 10 mms, Ansle

of inclination up to 40°,
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Description: (Drawn mairly from the holotype.. The rhabdosone is lonzy and
straicht with perhaps a very gentle dorsal curvature at the rroximal end, the
whole being similar to P.resularis.

The sicula has a length of 1°43 mms and'jSFQuite inconspjcuous. Its
apey reaches 0+15 mm above the level of the amerture of th.l. ~ Th.1-3 number
13 in 10 mms and are inclined to the axis at a very low angle (5-10°). Both
the thecal spacins and angle of inclination increase rapidly so that they num-
ber Q in 10 mms 1n011ned at 200 omlv lem from the 51cu1a. The overlan at
this point 1s rather less than one ha]f. '

There is no chanve in the thecal characters distally but they are less
closely snaced (7 in 10 mms) whllst the angle of 1np11nat10n increases to
30-/10°. The thecal overlan is rather more than one half and the tubes thew-

selves have a 1en~th of 2- _mms.

Remarks: The species recorded as M.h1 ]nggzl.Carr. var. by Watnev and Kelch
(1911) was rrobably in part P.watneyi for the latter certalnly belon“s to
P.nudus Group. On the other hand Watney and Welch rpcord thezr variety
throuzhout the Nenlook Series but state that it is rare in thelr lowest and
topmost zones. The writer feels that they may have confused prlstloform

views of M.kin~i sp. nov. with P.watneyi. M.kingi is common in their zones

of M.riccartonensis and C.risidus and rare in their hl”hést zone of C lund-

creni (as they record for M.h.Carr. var.). It 1s ab%ant in their C. murohlson]

20ne where P.watnevi ocours ra*elv.

The two sne01es, P.watneyi and M.kinci, thouﬁh suoerf301a11v resembling

each other in size, are quite dlstlnct The latter, quite apart from tne

‘VPntral excavation of the thecal n?rnln, hao a distinect dorsa] curvature ‘at

the extremn DTOlea1 end, a nromlnent sicula, is nore slender, and the rhab-
B . % M N

dosome as a whole often shows dorsw-ventral curvature.

From membprs of Pristio~rantus Group C P.watneyi dﬂffers in the qlendpv

'and slovwly Wldenlna proxlmal reW1on. The c)oeest spe01es 1s vrobqbly P. nudus

From this it dlffers in the following n01nts' |

a) The distal thecae are long rather than broad, but there is an a]most 1mper%
centlble expansion in the region of the aoertueo ~ |

.b) .The rhabdosome is broader dlstallv and nore slender rrox1mall ;

¢) Thecal spacing both proxlmally and distally is dlfferent.'

d) The sicula is longer and its apex extends further. R

e) The angle of inclination distally (30-40 ) is less than in P.nudus
_——____\..
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Pristiograntus re-ularis regu]arisy(?ornqujstﬂ
. ~

Plate 5,fig.1; Plate 24, figs,13,14.

1899 . lonograptus regularis n.sn. Tornquist p. 7 Pl.1,figs.9-14.

1810 o : ."’ s Tornquist. Lllps and Wood pp.372-3,text flﬂ.2§3
L a-c¢,P1.37,figs.3a-d.

1919 " (Drzstlorrahtus) revularls Kirste p.191.

1929 . ." ef. regularis Haberfelner p.114.

71031 " regnlari§ mut. & nov. mut.i,Habeffelner Pl.1,fig.2.

1933 " regularis Tornguist. Sun p.41,Pl.6,fiz.T.

1945 v " Torny. Waterlot p.71,P1.26,fiz.201.

1947 .. Tornquist. Ruedemann p».486-7,P1.84,fi~s.15-18.

1951 '“Prlstlovrantus regularis  Munch p.73,fig.14. ' )

1952 " (Pristiograptus) regularis re?u]arls Munch p. 93 Pl.21,figs.ba-1,

1955 . LU " " Tornquist 1899, Pribyl

and Spasov p.194.

71960 PTIStIO”TaDtUS recularis regu]arls (Tornq ) Romariz Pl.1,fiz.7 not des-

cribed.
21961 " "o %" " Romariz Pl.1 fig.2 not
e e . ~_.described.
?1962 " o no o '”ﬁ (iornqulst) Romariz P1.15,fig.10.

lectotyne: Specimen figured by Tornquist (1899) P1.1,fig.9.
Material: Over 200 specimens 1nvar1ab1y flattered..

Horizon and Looalltles. ?Zone of M.sedcwicki, Zone of N turricu]atuq to M

griestonensis (in the sense of Wilson 1953); Spengill (?S75,9+4; ?8124,10.25

to $131,10-25; 8$136,1+25 to S264,5 except 5145,0:75; $210,8; 8217,6-25;
$252,3+5 to $254,7+25; - 5258,9 to $260,5°5). - .

Diagnosis: Rhabdosome straight, long, and more slender proximally than P.nudus,

Thecal tubes simple, long, quite slender and inclined to the axis at a low
angle.  7£-9 in 10 mms distally.

- Description: The rhabdosome is stiff and Straight throughout. Distal frag-
ments over 7 cms long are commonly found which sh9w no diminution in breadth
and sugrest that the complete rhabdosome was very long indeed.

The proximal end is slender and bears an inconspicuous sicula which hag
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a maximum length of 1mmu. Its apex reaches to the level of the aperture of
th.1. - At the aperture of th.l the rhabdosome width is 03¢ mms'(flattened)
and must be even more slender in specimens preserved in relief.  ~“Over the

first cm the thecae are closely spaced and?ﬁmber 13-10 in 10 mms.

There-

after this value falls very guickly to 9 in 10 mms. Distally the thecae

become even more widely spaced and the count is often as low as 7% in 10 mms.

The maximum breadth of the.rﬁabdoéome (flattened) is 15 mms.

The thecal tubes show a slight expénsioh of the free ventral margin, as
in the case of P.nudus, and upon flattenlnv this is reflected in a slight
excavation. Overlap of the thecae increases alstallv to a rax1mum of two-
thirds. | - |
Rerarks: Specimens occurring rarely in the zone Qf W.sedrwicki are similar
but smaller énd have the thec=e more‘closely‘spaced,(lB in 10 mms)

width at the level of th.l is O 26 mm.

The

' These forms may bear some relation
to P. rerularis solidus Pribyl.

taterial seen: Specimens in H.M.Ceolorical Survey Museum and the specimen

fisured by Elles and Wood as text fig.242¢ (Sedewick Wuseum, Cambridse.

Pristiograptus aff. variabilis (Perner)

non fl”

aff. 7 »
1897 Monograptuévjaculum, Larw, var. variabilis m1h1 Perner p. 12 Pl. 13 fl o8,

10~ 15

Materials 44 badly rreserved, flattened specimens from Zones of M.turriculatus

and M.crispus; Spemgill. ‘
Descrintion: These rat%er badly proserved specimens are referreq to P. varwab11~
R e

is on general mrounds onlv

The ‘rhabdosome is stralbat and about lmm broad
(flztiened). )

' The thecae have little overlep throu~bout, Wnll§t the arertural mﬁ’wln i

vary between horizontal and slightly introverted.

These characters are sip-
ilar to the proximal regions of P.jaculum (Lapw. ) but in all the

|

Cau’cl ey spec- E

imens there is a lack of width and thecal overlap. It is th1s wklch distine %
e
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guishes Lapworth's from Perner's species, and sugrests that the Cautley spec-
irmens have more affinities with the 1stter rather than the.former. .

Vaterial seen:- Specimens in the Sedgwick Museum firsured by Elles and Wood Pl.

37,fic.5a, text Fig.245a,b.

Pristiosrantus con i nrns (Lapwdrth)m
Plate 5,fic.3.

%

1876 Nonocréptusl¢oncinnus; §p. nov. Lapwofth Pp.20~21,P1.11, fics.la-e.

-

1910 " ", lapworth. Elles 2nd ¥ood pn.368-9,text £iss.
T - 240a-d,F1.36,fizs.5a-F.

1934 " concinus Lapworth. su p.91,Pl.7,firs.2a~b.

1945 " " " Waterlot pl.23,fig.264.

1049 " (Pristiograptus) concinrus Lapworth, Obut p.21,fiss.7a,h.

?1962 Pristiograntus concinnus Lapworth. Romariz p.279,P1.3,fig. 4.

Waterial: 4 few specimens in full rellef, other> flattened.

Horizon and Lor371fle°"°20no of ___zrhuc, Zope of h,Gpd*w10k1. Speﬁgil].(?s
13-17,875,9 4). - S
Diasmogis: Ventrally curved rhabdosore, but sbort fraﬂmentq appear ajmoot
straight. W1dth_(1n rellef) about lmm. Thecae sirple tubes with a slight
expahsibn of the free ventral margin, nﬁmbering about 8 in 10 mrs.
Description: The specimen figured on P1.5 (fig.3) is almost identical with
the specimen figured by Elles and Wood (p.369, text fip.240d). Both have
the same thecal length and count and both are preserved in full relief. The
Cautley specimen is fractiBna]ly narrowaf,,and_the thecae 2re inclined to the
axis at a smaller angle. T o -

Snec1men FUR. /875 9e 4/123 also shows the eypan°lon of the free ventral
margin Whlch, unlike the interthecal sentun, is convex. The interthecal
sentum 1s flat except for a shallow groove ruhnlnw obllcuelJ across it. Thig |

:

does not seem to be a feature caused by xlattenlnm or cownre°snon snnce the

ocrartolite is not dlstorted 1n any wav, and the wroove doe not.lie paralie}

to the bedding pla ne but in a plane VerJ Sll“htlv obllnue to 1t

The fact that the interthecal Sev+um ig paqcnthllv flat, and the free
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ventral margin convex gives the appearance of a slight excavation of the ven-

tral margin. Upon being flattened this will be accentuated and is well seen

in the specirens figured by Lapworth and Elles and Wood (both in specimens in

relief ard in flattened material).

Other more dovbtful specimens (S13-17) seem to.show these characters but

are too badly preserved to make a definite-identification and M. concinnus

can only be recorded with certainty from the zone of N,sed-wicki.

Material seen: Specimens figured by Elles and Wood P1.36,figs.5d and f. and

text fig.240d. (H.M.Geological Survey Museum). =

" Specimens in the Sedgwick Museum, Cambridge.

‘genus PRISTIOGRAPTUS GROTP ©

Diarmosis: Proximal regions relatively robust and commonly with a distinct

ventral curvature over the first few thecaej sicula prominent often extendin-

to the second thecal aperture;j rhabdosome usually straight or with very gen-

tle flexures.

Horizon: Typically Wenlock and Lower Ludlow.

1850
1851
1876

1880

1083

1890

Pristiosraptus dubius dubius (Suess)

Plate 5,fig.4,5; Plate 25,fig.1 5:7.
Craptolithus colonus Barrande §.43,Pi.2,fi§.5.
"  dubius Suess p.115,P1.9,fi53_5a-b, ‘
Monograptus'cblonus, Barrande varfmdﬁbius, Sﬁesé; Lap*&rth p.Séé,él.?O,
o fig.lO; ‘H -
serra Hopkinson MS.Lapworth P1.4,figs.6bc-d.
dubius Tullberg p.29,P1.1,f5gs.28-29,P1.2,firs, 20-21,
" L Folm p.16,P1.1,fig.18-26.
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1893  Monograptus dubius - Wiman p.2,P1.7.
1899 LN " ‘Suess. Perner p.,,Bl 14,figs. 8,9a—b P1. 17 flgs.
. , : | 17a-b. -
1900°- "o - " (Suess j. - Wood p;454,PJ.25,f13.]A-B,text figr. o0,
1008 " " " Allehverdjiew p.357,Pl.4,fig.3.
1910 "o "o " ~ Elles and Wood pp.376-8,text figs.247a-b,
o . - Pls37,figs.7a=-d. "
1924 - SN " : " Hundt P1.6,f1gs.;-]1.
1929 e " . <. " . Haberfelmer pp.106-7,135.
1024 " S " . . Cox p.421.
71940 Nonograptus cfr, dubius (Suess). - Desio p.32,P1.2,fir.15.
1944 Pristiograptus dubius dubius (Suess 1851) . Pribyl p.3,P1.1; flgs 4 6..
1¢45 Monograptus dubius Suess. . Waterlot ».70,P1.25,figc.277.
21947 «" .. " (Suess). - Ruedemann p.479,P1.84,fi»s.10-21.
1948  Pristiogrartus (Pristiograptus) dubius dubius (Suess).. Pribyl .69,
. : v A S , non fig.
1952 - Pristiograptus (Pristiogrartus) dubius dubius (Suess)..Nunch p.85,P1.
‘ - y s 18,fig.1.
1953 Nonograpntus dubius (Suesc)’ Walker, pn. 36* 70 text figs.2-3. . ’
1953 Prlstloﬂrahtus (Pristiosraptus) dubius cf. dublus (Suess). Urbanek De
285, flﬂ
1955 L e e dublus (Suess) Prlbrl and
' 4 ‘ 5pasov nr ]91 -l92, non IJ*
1955 Nonogranfus?dubius (Suess). Kuhne pp.360-5,fiz.2.
1958 ‘Prlstjo"rantuc dubius (Suess). 1f51 Urbanek p.&3.
1958 " : (Pristiograntus) dubluq dublus (Sues= 1851). Pribyl D
- ‘ © U 117,P1.1, fie o
1960 MWonogrartus dubius (Suess). Berry p.1160,Teyt figs.éA,QE.f
1962 o " " " Ross pp.67-8,text Figs.4D,0,H,I;Kj5K,I.
21962 moef, m  m " Ross pp.69,text figs.34,F, 5C (non 5D).
21962 Prlstlovrantus dubius dublus (Suess). Rorariz p.281,P1.14,fig.1,P1.16,
“ o ' ' figs.4,6, (ron 5); P1.17,fiz.3; Pl.21,
- e e fig.1l.
Folotrne: Specimen ficured by Suess (1851) P1.9,fig.5a.

Naterial: Several hundred specimens all preserved as films.




Vorizon and Localities: Wenlock Series, Zones of M.anternulatus ., to C.lund-
greniy Bluecaster Middle Gi1l (11M,12-20W,?27-20K), Near Gill (13N,14—21N);
Rirksfield Becy (8Bf); Vhinny Gill (7Wh,9Wh); Ecker Secker Beck (9Ra,12Pa,
13Ra); Hobdale Beck (1Bd); Hebblethwaite Hall Gill (TH,10H); Wandale Hill
(3W,4W,6W), Gill A (34W), Gill B(41W,42W,44¥, 48W), R.Rawthey, Fouth of Wandale
Beck (65W,66—67W,69W); Ludlow Series, Zone of P.nilssonij (2W,TW,8W),

Diarnosis: Rhabdosomé of variahle length, conspicuous ventral curvature at
proximal end, and delicate dorsal curvature throushout the mesial regions.

 Maximum breadth 1+9 - 2.0 mms (flattened). Thecae simple “tubes, number-
ing 10~8 in 10 mms inclined at 30-35°. - IR o ;
Deserintion: The most typical share of the polypary is seen in fip.1 (P1.25 ).
At the proximal end there is almost invariably a slizht ventral curvature in-
volving 4-5 thecae! Yiesial frasrments often show a gentle dorsal curvature
whilst distal portions may be quite straisht. = The maximum width of the rhab-
dosome (flattened) which is 1-9-2+0 mms is achieved within 3 cms of the prox-
imal end. The width at the level of th.l is 0«6 - 0+65 mm.

The thecal spacing in this species 1s one of the most constant of all

the species examined. Proximally there are 10 in 10 mms and distally this
falls to 8 in 10 mms.  Adult thecas are 2+5 mms long and overlap here is‘rath;
er more than half.

Remarle: P.d.dubius differs in no way from other British material.dexcrjbea

most fully by Elles and Wood (1910).  Specimens from the Ludlow Series are,
however, a little longer and more slender and may have some affinities with

P.d.ludlowensis(Bouc.).

In contradistinction to the situation in the Wenlock, P.d.dubius is not

particularly common in the Ludlow Series but of those specimens examined there

is no difference in thecal é?acing or ancle of inclination to distinguish them
from P.d.dubius and tbey'afe’here retained in this suBQSéciés. The only
detectable difference is a sllpht shortenwnm of the theoal tube re@ultlnv in

a more slender rhabdosome.

¥aterial seen: Spec1mens in Sedgwick Museum, Cambrid:é:
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Pristiograntus dubius prseudolatus subsp. nov.

Plate 25,fig.2.

Folotvne: HUR./]SN/538,4Specimen well preserved as an impression, complete
proximal region but short, about 4 cms. ‘

- Horizon of Holotyre: Zone of M.Fflexilis belorhorus.

Derivation of name: "Latinised"»to indicate that it is distinect from P.d.datus
(Bouc. ). T
Material: 31 srecimens, proximal and distal fragments, all flattened.

Horizon and Jocalities: Zones of M.flexilis beloprorus - C.rigzidus mut.(rare

at based Near Gill (18W,19W,16N).

Diamosis: Rhabdosome several cms long, proximally with dubius-like ventral
curvature, but distally quite straigcht. Maximum width 2.7 mms, Thecal tun-
es simple, inclined to the axis at:20-30° and numbering 10-7 in 10 mms. A
Descrintion: This subspecies is superficially very similar to P.d.dubius but
the rhabdosome, whilst