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CHAPTER I

. The Problem in Peraspective

In broad terms, thia thesis is an attempt to deascribe the
Characteristics of the Eskdale Drainage System, North Yorkshire,
and to analyse some of the features. The particular aspect of
Telative landv and sea-levels in pre-Glacial times is one of
the foremost considerations., The field techniques employed for
the work included surface exploration, spirit-levelling, alti~-
metry, marine echo-sounding, electrical resistivity sub-suyrface
exploration and hand-auger borings. The writer is indebted to
Mesasras. E. Duncan, D,T, Edmonds, C.T. Marshall, R, Gardenar and
H.B, Williams of the Civil Engineering Department, University
of leeds, for their assistance in carrying out the instrumental
surveys. A note of appreciation is due to Professor R.H. Evans
of the University of leeds for his constant encouragement in
pursuing this work. It may be considered that some parts of
this thesis are treated at undue length but the writer antici-
Pates that it may be read by persons following quite different
Professions and detalled accounts may prove useful, For the
Same reason the presentation is in narrative form and appendices

have been avoided. If the reader is familiar with any particular




aspects of the work, then a casual glance at the text will
suffice.

This investigation appears to be the first in which the
equilibrium profile of a river has been extrapolated to deter~
mine the levels of former surfaces which are now below preseent
§round level. An investigation of this kind has an obvious
direct connection with pure geology, but it is worth recording
that, from the aspect of applied geology, the poasibility of
estimating the levels of buried channels by such techniques ias
of considerable value in civil englineering.

The work embodied in this thesis can be viewed from three
different angles. Firstly, it can be regarded as a contribue
tion to the elucidation of the geology of Yorkshire. E?bondly.
it can be viewed as an exposition of the techniques of analysis
of fluvial morphology. Thirdly, it forms an integral part of
the comprehensive hydrologic studies which are being carried
out by the Department of Civil Engineering of the University of
Leeds on the Rivers Esk and Swale in North Yorkshire, The
Present investigation can be placed in proper peraspective by
further consideration of each of these viewpointa.

Professor E. J, Garwood (1925) ~ in his presidential

address ~ drew the attention of the members of the Yorkshire




Geological Society to the suggestion of Professor P, F. Kendall =~
made ig 1914 - that studies of the rivers of Yorkshire might be
carried out by members of the Society on co-operative lines
similar to those made so successfully in connection with the
Underground Waters of the Ingeborough Area. Unfortunately,
this proposal received practically no support and the work was
hever seriously commenced. The only comprehensive study of

the Yorkshire river systems is that of Cowper Reed (1901).
This reveals that the rivers north of, and including, the
Calder-Aire-Humber can be treated as an independent geomorpho=-
logical unit and are therefore well suited to local investiga«-
tlons of the kind proposed by Kendall and Garwood.

However, no definite programme appears to have been put
forward at any time and one may pause to reflect on the nature
°f the work envisaged. Garwood examined several general prob-
lems of river development in his address but they were not
&pecific to Yorkshire. The principal factors with which he
dealt were meandering, the effect of the Earth's rotation, the
effect of.regional tilting and meteorological effects, Cowper
Reed's study of Yorkshire rivers was on a regional scale and
the next step is therefore to break down the system intoc smaller

Units = poesibly single rivers. Ultimately, &£ course, the in-




dependent studies must be integrated to place them again on a
reglonal basis which may lead to modifications of Cowper Reed's
bypotheses.,

Primarily, studies in river development can assist in the
elucidation of historical geology. The information which must
be sought consists mainly of levels expressed in the form of
Cross-sections and longitudinal-sections of past and present
Valleys. Suitable techniques for carrying out this work are
discussed in Chapters III and V. The reasons for the existence
of meanders in any particular situation can be completely
establigheqd only through the subject of fluvial hydraulics. In
the present work it is not intended to make an extensive study
of meandering but well developed meanders - even over short
lengths « are noted and an attempt is made to relate their
incidence qualitatively to the various factoras known to influence
Meander de;elopment. The interesting and unresolved problem
Of the effect of the Earth's rotation on river development can=
hot be connected with the west to vast flowing Esk but it is
Possible that some information may be obtained on this when the
Current studies of the north to south flowing section of the

Swale are completed.




Kendall and Garwood may have had in mind further investi~
gations of the mineral content of the Yorkshire river waters,
on the lines of the Ingleborough investigations, although there
is no evidence to prove this. However, such considerations
introduce the possibility of studies in sediment transport,
flooding characteristics and dry-weather flow. These aspects
are closely connected with geology but the extent to which they
can assist in the elucidation of geology is restricted to such
factors as rates of denudation. No matter how direct ar in-
direct the connections may be, it is sufficient to admit that
such studies are allied to geology and therefore are worthy of
pursuit in studying the rivers of Yorkshire.

Turning now to the second viewpoint, since historical
geology is concerned largely with submergence and emergence of
land masses and the sub~aerial and sub-marine processes of de~
gradation and aggradation which accompany such events, relative
levels of land and sea constitute important data in studies of
these phenomena. This brings to the fore the necessity for
quantitative information and the aids of mathematical sciences.
Most investigations of the profiles of river chanmels and

terraces fall into one or other of the following three classes:



1. Investigations in which the levels observed
in the field have been interpolated and extra-
polated by sketching.
2. Investigations in which a mathematical curve
has been evolved solely to fit observed levels
most nearly
3. Investigations similar to (2) in which the
curve has been extrapolated by calculation.
There are many examples which fall in the first class of
purely qualitative interpolation and extrapolation. The investi-

gation of the Ahr by Sittig (1936)

(1940)

- much boosted by Baulig
- consists of a criticlsm of the earlier work of G.lafrenz,
the reconstruction of valley cross-sections and the correlation

of terraces. Other examples are those of Mackin (1937) and

Bates (1939). Mackin studied the geomorphology of the intermon-
tane.BigiHorn Basin, Wyoming, the history of which consisted of
relative uplift of the surrounding mountain ranges accompanied
by widespread fluvial aggradation of the resulting structural
depression followed by partial erosion in this basin leading to
the present geomorphological features. Many remnants. of

gravel terraces at different levels occur in this drainage sys-

tem and correlation was based on classification of gravels and



on longitudinal sections and cross sections. Bates studied
the Kickapoo Region, Wisconsin, with particular reference to
the development of the upland surface below which the present
streams are entrenched and also the development of the present
valleys of the drainage system. Part of this work involved
'correlation of terraces.

Several investigators have endeavoured to derive mathe-
matical equations to represent the equilibrium profile of
rivers but few appear to have employed such equations to esti-
mate the levels of fg:mer land surfaces. Shulits (1941)
evolved an equation and applied it to the Colorado, Mississippi

and Ohio. Rubey (1941)

records that equations have also been
evolved by Sternberg, Putzinger, Schoklitsh and Gandolfo.
The only atudies which are truly representative of the

(1924) and Green et éi (1924)

third class appear to be those of Jones

Jones construéted longitudinal sections of the Upper Towy and
its tributaries, partly from levels taken with a theodolite.

He was fortunate in teing able to locate the old rock floor in

a number of places., An empirical equation was evolved to re-

present the longitudinal sectlon of the Upper Towy and by extra~

polation it was estimated that the earlier base-level was

roughly 400 ft. above present sea~level. In the investigation



of the River Mole by Green et al. levels were taken with an
Abney level from convenient benche-marks to points on the
flood-plain and terraces. An equation of the same form as
that of Jones was evolved to represent the longitudinal sec-
tion of the flood-plain of the Upper Mole in which the maxi-
mum discrepancy between observed and calculated levels was
3.4 £ft. By extrapolation to the lower reaches it was shown
that the Upper Mole is graded to the Boyn Hill Terrace of the
River Thames., Other terraces and flats were examined in this
work without introducing empirical equations.

In connection with quantitative studies, it should be

(1939) examined the standards of

observed that Austen Miller
accuracy which can be attained in estimating pre-Glacial sea-
levels by various methods, including that of Jones. He
determined that, w;th two equations of the form proposed by
Jonees representing the longitudinal section of the Upper .Dowy
and involving discrepancies of 13.8 ft. and 15.5 ft. between
observed and calculated levels, the corresponding base~levds
are 259 ft. and 415.6 ft. above 0.D, - a range of 157 ft.
Miller then employed two complex equations which gave better

fits and these led to estimates of base-level of 361.8 ft. and



553,5 ft. above sea-level. He justified the use of a complex
equation by stating that the processes by which the equilibrium
curve of a river is developed in nature are themselves complex
but he admits that such equations are unsatisfactory. This
practice savours rather of dosing a patient suffering from an
undiagnosed malady with every available anti-biotic - it is
not a scientific approach though it may be justified by the
end=product. Miller is critical of several points connected
with these techniques and one feels that he is judging harshly.
Without quantitative investigations progress must eventually
come to a halt but it should be remembered that simple mathe-
matical laws representing complex geological phenomena can be
only approximations to the truth and that it is fundamentally
incorrect to assume that geological phenomena are approxima-
tions to mathematical laws. It is in the sprit of these wordsa
that the present investigation has been conducted.

The third angle from which this particular study of the
Esk can be viewed is that of an integral part of a comprehen=-
sive hydrologic study of the river. Concurrent with the
investigation embodied in this thesis, other studies are in
progress and are concerned with the flooding characteristics,

the dry-weather flow and sediment transport of the Esk. This
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river was selected originally because it forms a unit which
is not too large for the investigations in mind, certain
information on floods during the last hundred years is avail-
able and tﬁe geology has the attraction of practically hori-
gontal formations - interesting from the aspects of both
river development and run-off. At a later stage the River
Swale was selected for further studies of a similar nature.
This river was chosen because it has a reputation for rapid
rise during floods, considerable erosion and shoaling is
experienced just below Richuond and geologically one-half

is mainly on the Carboniferous Limestone and the other half
flows in alluvium in the Vale of York. However, the Swale
will not be considered further here - these facts are
mentioned simply to place the present investigation in

proper perspective,
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CHAPTER 1II

The Geology of Eskdale

Physiography
Eskdale lies in the district known as Cleveland, which

covers the northern part of the dissected plateau bounded by
the Vale of Pickering, the Norfh Yorkshire coast, the Vale of
Mowbray and the valley of the Lower Tees. The stratigraphy
and structure of the rocks are reflected broadly in the physio-
graphy of the plateau. The highest points on the plateau lie
roughly between 1,300 ft. and 1,400 ft. above O.D, on an
east-west axis across the centre. The altitudes of the summits
decline to the north, south and east. On the north and north-
west the boundary is formed by a steep erosion scarp. The
Hambleton Hills constitute the western limit of the plateau,
with an escarpment of cliffs up to 100 ft. high. The southern
boundary is defined by the east-west escarpment cut in the
dip slope of the rocks overlooking the Vale of Pickering. The
Tabular Hills form the south-east part of the plateau. The
eastern boundary is formed by the bold cliffs between
Scarborough and Saltburn which rise to nearly 600 ft. at a few
points. It is a fair estimate to say that about seventy per

cent of the plateau is above 600 ft. and that most of the ares
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is moorland, whereas the surrounding terrain is below or only
just above 200 ft. The drainage pattern of the plateau as a
whole can be classified as radial, although many of the streams
exhibit marked parallelism. On the flat moor~tops the headwaters
of drainage systems flowing in different directions are found
very nearly linked together.

The catchment of the Eskdale drainage system ié about 20
miles long in an east-west direction and an average of about
6 miles wide. The catchment area is about 143 square miles and
is very roughly rectangular in shape. The southern watershed
follows the east-west line of highest ground mentioned above
and the western half is consistently above 1,300 ft. rising to
maxima of about 1,420 ft. above O0.D. The eastern half of this

watershed lies fairly consistently between 800 ft. and

1,000 £t. but about five miles from the coast it commences to
decline steadily to the height of the cliffs east of Whitby.
The western watershed is about 1,400 ft. above 0.D, at its
southern end but falls steadily to about 800 ft. in the north.,
The western half of the northern watershed lies between 800 ft.
and 1,000 ft. and the eastern half between 700 ft. and 800 ft.
with a steady decline commencing about three miles from the

coast and'falling to the height of the cliffs west of Whitby.



The floor of the main valley of the Esk rises to an elevation
of about 450 ft. at Castleton where it receives the headwaters
from Westerdale, B@ysdale Beck and Sleddale Beck. The general
prhysical features of Cleveland are shown in Fig.l.,

The main tributaries of the Esk rising in the southern
part of the catchment, commencing at the estuary, are as
follows:

Rigg Mill Beck

Little Beck (Iburndale)

Murk Esk, with its main tributaries

Eller Beck
Wheeldale Beck
Wheeldale Gill

Butter Beck (Egton Grange)

Glaisdale Beck (Glaisdale)

Great Fryup Beck (Great Fryup Dale)

Danby Beck (Danby Dale)

Esk headwaters (Westerdale)

Baysdale Beck (Baysdale)

There are only two main tributaries of the Esk rising in
the northern part of the mtchment and these are:

Stonegate Beck

Sleddale Beck

13
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The valley sides of Eskdale and the tributary dales are
mostly steep and the sandstones of the Lower Ooclites commonly
form sharp boundaries to the flatter ground on the moor top.
The good state of preservation of the escarpments on the moors
above 800 ft. is considered to be proof that they have never
been subjected to glaciation and this can be coupled with the
fact that there is little Boulder Clay within the catchment
above 700 ft. Upstream of a point nearly one mile west of
Lealholm the main valley floor attains widths of as much as
% mile in which the river meanders but east of this point it
is rarely more than ’% mile wide with occasional flats of %
mile and in this downstream section occur four gorges and
several sections of steep cliffs. The pre~Glacial valley of
the Esk below Lealholm is largely drift filled but it is
obvious that it was both wider and deeper than the present
valley. Several of the pre-glacial valleys of the tributaries
have been blocked by drift in their lower reaches with the
result that new channels have been cut in the solid and appear
as gorges. An interesting feature of the Eskdale drainage
system is that Eller Beck, Wheeldale Beck and Wheeldale Gill
extend roughly two miles beyond the anticlinal axis,.

A one inch to one mile scale Ordnance map of the district is

enclosed in the pocket in the back cover of this volume.
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Stratigraphy

The stratigraphy of Eskdale has been described by Fox-
(1885) (1888)

Strangways, Reid and Barrow s Barrow s+ and Fox-

(1915). The oldest formations outcropp-

Strangways and Barrow
ing in the catchment are Lower Lias. The greater part of the
surface of the high ground in the south is occupied by the
Estuarine Series of the Lower Oolites and in the north also,
together with the Kellaways Rock of the Middle Oolites. The
general geology of the area is illustrated in Fig.2. The

succession of strata is as follows:

Quarternary Recent Alluvium and peat

Pleistocene Boulder clay,
morainic sands
and gravels,
glacial lake
flooxr deposits

16

and deltaic gravels

Tertiary No deposition dur-
ing this period but
the Cleveland Dyke

was intruded

Secondary Cretaceous Absent
Jurassic Upper Oolites Absent
Middle Ooli~ Corallian, absent.
tes Oxford Clay, Jjust
beyond southern
watershed '

Kellaways Rock
Lower Oolites
Upper lLias
Middle lLias
Lower Lias
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_Lower Lias.

The Lower Lias consists of grey micaceous shales with
ferruginous doggers. None of the tributary dales descend
more than 160 ft. into this formation.,

_Middle lias.

The Middle Lias in Eskdale can be divided into a lower
Sandy Series (sandstone and sandy shale beds) about 60 ft.
thick and an upper Ironstone Series (ferrugineus shales with
ironstone bands) 60 ft. to 80ft. thick.

_Upper Lias.
The Upper Lias comprises
The Alum Shale
The Jet Rock Series
The Grey Shale

The Grey Shale is soft and of fine material but it is
not so well laminated as the beds above. It has a uniform
thickness of about 30 ft. throughout Eskdale.

The Jet Rock Series comprises about 90 ft. of lakinated
shales, with a strong bituminous odour, containing dispersed
and nodular pyrites. The true Jet Rock constitutes only the
lowest 25 ft. of the series, making a total of 115 ft.

The Alum Shale has a total thickness of about 100 ft.

_Lower Oolites.
The succession of Lower Oolites is as follows:
The Cornbrash

Upper Estuarine Series ( Shale with thin beds of sand-

stone

(about 200 ft. thick) Sandstone (Moor Grit)
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Grey Limestone Series

Shale and sandstone with thin coals

Millepore Bed (marine band - absent)
Sandstones and shales

Eller Beck Bed

L§andstone and shales with thin coals
The Dogger Bed

The lithology of the Dogger Bed is variable and in different

Lower Estuarine Series
(about 280 ft. thick) ﬁ

localities has the composition of a sandstone, a limestone, an
ironstone, a shaly bed and a nodular calcareous rock with little
bedding. In some places it appears to form a passage bed
between the Lias and the Lower Oolites, in others it rests on
the eroded surface of the shales and occasionally it is absent
and the Estuarine Sandstones rest directly on the Alum Shale.

About 100 ft., above the Alum Shale is the marine Eller
Beck Bed, Its boundaries are not clearly defined and there
is a gradual transition between it and the beds above and
below., It is described as a flaggy, fossiliferous sandstone,
or sometimes oolitic ironstone, resting :on shales in which
occur nodules or thin beds of fossiliferous ironstone. It
attains its greatest known thickness of 41 ft., in Wintergill
at the head of Glaisdale.

The Grey limestone Series is a marine bed about 20 f£t.
thick and consists mostly of fossiliferous shales with thin

slliceous and calcareous bands and thin beds of ironstone but
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westwards the beds become more arenaceous and thick fossili-
ferous grits occur. Where exposed, the calcareous sandstone

commonly has a porous appearance on account of leaching of the
lime matrix.

The Moor Grit is a hard, white siliceous sandstone.

The Cornbrash appears most commonly as about 10 ft. of
soft shale resting on 4 ft. of sandy, ferruginous marl. Its
outcrop forms a ring round the base of the Kellaways'Rock on
the northern part of Eskdale but neither of these formations
appear in the south until the watershed is reached.

_Middle Oolites

The Middle Oolites are represented in the catchment only
by the Kellaways Rock. The soft Oxford Clay has been completely
removed, although it appears just beyond the southern watershed.
The Kellaways Rock is a close=-grained sandstone with lines of
small quartz pebbles andoccurs as a bed of average thickness
80 ft. to 100 ft. It forms the moor top of Moorsholm Moor,
Danby Moor and Lealholm Moor and its dryness contrasts markedly
with the wet underlying Estuarine Shales.

_The Cleveland Dyke.,

The only igneous rock occurring within the catchment is
the Cleveland Dyke = aniintrusion of tholeiite or augite-andesite,
bluish-grey in colour, with a devitrified glassy base. The

surface width of the dyke varies between 20 ft. and 30 ft. but
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an adit driven through it near Great Ayton - about 4 miles
west of the western watershed - proved a breadth of 80 ft.
It enters the western end of the catchment at the head of Kil-
dale, extends south-eastwards in a series of intermittent
exposures and terminates at the head of Iburndale. The dyke
does not lie aleng the line of an evident fault, The adjacent
sedimentary ;oéks have been altered for a distance of 5 ft.
to 10 ft, from the contact., Where the intrusion occurs in the
sandstones of the Oolites, percolating water has facilitated
decomposition of the igneous rock- sometimes to a depth of
nearly 200 ft. - but ih the lLias Shale it is shielded from
pertolating water and is unaltered. The Cleveland Dyke appears
to have been intruded in the Pyrenaean (Pre-Oligocene) phase.
The Esk and several of the tributatries cross the dyke at a
number of points but do not appear to be influenced by it to-day.
_Glacial Deposits

The Glacial Deposits consist mostly of Boulder Clay with
some sands and gravels in pockets in the clayx Morainic and
deltaic deposits are described later. The Boulder Clay covers
the greater part of the country south-east of the estuary of
the Esk and the slopes of Iburndale are completely swathed.

North-west of Whitby the base of the Boulder Clay descends below




sea-level but rises again as Sandsend is approached. Boulder
Clay is found in Eskdale and all the tributary dales in the
southern part of the catchment from Whitby to Castleton, the
amount decreasing westwards, but it does not occur in Wester-~
dale or Baysdale and in Sleddale there are only two very small
Patches in the glacial overflow channel from Lake Kildale.
_Recent Deposits

The peat within the catchment is not extensive. It is
classified arbitra{,‘r:il.(l’y as hill peat and slack peat - the
latter occurring in the glacial overflow channels.,

Alluvium occurs along almost the entire length of the main
river in flats of varying width but is absent in the gorges.
It occurs also along some of the tributaries, more particularly
the Murk Esk, Danby Beck and the Esk headwaters in Westerdale.
Structure

_Uplift and Folding

The struc%ure of Cleveland and the surrounding area has
been analysed by Versey (1937, 1948) and the following is a
summary of probable movements in Kimmerian and later phases.

Wallachia;'(Ibst-Pliocane) Vale of Pickering Fault ?

Attic (Pre-Pliocene) Arching of Wolds Peneplane
in Cleveland

Styrian (Pre-Upper Miocene)Folding of Pennines
and Savian (Pre-Lower Mio=-
cene) Wolds Folding

Humber Fault and parallel
faults
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Pyrenaean (Pre-Oligocene) Intrusion of Cleveland Dyke
lLaramide (Pre-Eocene) Regional Uplift
Faulting in Northern Wolds

Sub~Hercynian (Pre~ Shallowing in Holaster planus
Senonian) Time

Austrian (Pre-Cenomanian) Iater movement of Market
Weighton Anticline

Caistor Anticline

Kimmerian (Pre-Rhaetic Main movement of Market
or Pre-Tithonian?) Weighton Anticline

Heslerton Syncline

Main movement of Howardian
Faults

Minor domesin Cleveland

In order to determine the structure of Cleveland, Versey
(1937) plotted the contours of the base of the Grey Limestone
Series and these are reproduced in Fig.3. This series was
selected because of its extensive development and - as a marine
incursion in a deltaic series - can be assumed to have been
deposited in a comparatively horizontal plane. It will be
seen from Fig.3. that the main Cleveland uplift is an elongated
dome with its centre probably just eouth of Ingleby Greenhow.
Subsidiary domes occur at Sleights Moor and Robin Hood's Bay.

A basin is centred at Whitby and two feeble depressions will
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also be obeerved = one is occupied by the Murk Esk and the
other lies between Sleights and Robin Hood's Bay.
_Faults

The major fault within the catchment is that with a down=-
throw of 200 ft. on the west which trends roughly north to
south throﬁgh the estuary of the Esk at Whitby and extends to
Rigg Mill Beck. In conjunction with the Boﬁlder Clay in the pre-
Glacial channel of the Esk, this fqult i1s responsible for the
present location of the estuary but it does not appear to
affect the present course of Rigg Mill Beck and its tributaries.

A mile-~long fault extends roughly west to east from Leal=-
holm Moor to Hutton Mulgrﬁve Moor - the latter is just north
of the catchment.' The downthrow is on the north side of the
fault; the amount is given as 100 ft. on the map and 150 ft. to
200 ft. in the memoir.

There are four minor faults trending roughly north to
south with downthrows on the east of magnitude 20 ft. to 40 ft.
between Commondale and Danby but these do not appear to influence
the drainage pattern. At’the mouth of Westerdale is a small
trough fault trending roughly nortﬁ to south but the throw is
not given either on the map or in the memoir-comparison with

e .
CoaT et S

the contours indicates that it is about 4O ft.




Glaciation

A comprehensive study of the glaciation of Cleveland was
reported by Kendall (1903). Some of the effects of the glacia~
tion bear no relationship to the present drainage system whilst
others influence it profoundly. During the slow retreat of the
ice northwards, a number of glacial lakes were formed in
Cleveland. The Eskdale series of lakes discharged into Lake
Wheeldale and then via Newtondale into Lake Pickering and this
in turn discharged through a gap in the Howardian Hills at Kirk~
ham Abbey, near Malton, into the Vale of York,

Lake Eskdale, at its maximum extent, was bounded by a lobe
of the North Sea Ice at Lealholm and by the Vale of York
Glacier at Kildale and the highest water'level was about 725 ft.
As the level of the water in Lake Eskdale fell, some of the
water at the fringes was cut off to form Lake Kildale and Moors=-
holm lLake. These secondary lakes discharged into the primary
Lake Eskdale and in this way a number of overflow channels were
developed, including the channel now occupied by the middle

reached of Sleddale Beck, Ewe Crag Slack, Hardale Slack,
Tranmire Slack and Moses Slack. Gravel deltas were commonly
formed at the lower ends of these channels and are found near

Commondale, Hell Hole, Danby and at the lower end of Tranmire




Slack. Glacio-lacustrine deposits in the form of varved clay
are found in the main valley of the Esk between Danby and
Houlsike. The outlets from lLake Eskdale to lLake Wheeldale and
Newtondale include Lady Bridge Skck, Moss Slack, Purse Dyke
Slack, Moss Swang and Randay Mere overflow,

A terminal moraine was deposited across the Esk valley by
the lobe of ice at Lealholm and as the drainage of Eskdale
began to return to its preQGlacial pattern, an overflow known
as Wild Slack = now deserted ~ was cut in the south end of the
moraine but subsequently the present Crunkly Gill channel was
initiated. A desertedvin-and-out channel known as Sunny Brake
Slack occurs between lealholm and Glaisdale. Another terminal
moraine was geposited at Glaisdale and the river now flows in
a gorge at the south end of this. The top of the moraine is
at a lower level than the top of the gorge and it is apparent
that ice obstructed eastward drainage over themoraine. The
prre-Glacial channel was blocked by Boulder Clay just east of
Glgisdale and the Esk now flows in another gorge at this point.
Scenically, this is the most attractive of the Eskdale gorges =
it is about % mile long and is on a grand scale. ' The pre-
Glacial channel was also blocked by a mass of Boulder Clay
between Ruswarp and Whitby and the river noﬁ flows in the deep

but comparatively open gorge at Larpool., Boulder clay blocked
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the pre-Glacial channels of several of the tributaries and
gorges have been cut by Rigg Mill Beck, Little Beck, Eller
Beck, West Beck, the Murk Esk, Butter Beck, Glaisdale Beck
and Stonegate Beck.

Another glacial lake, known as Iburndale lake, discharged
through a channel forming the present peat filled Biller Howe
Dale at the head of the system draining to the River Derwent.

The latter stages of the northerly retreat of the ice are
marked by a series of morainic ridges of sand and gravel on the
northern slopes above Glaisdale and by a series of overflow
channels in the northern watershed above Egton Bridge. The
most prominent channels are Middle Carr Slack, Stonedale Slack
and a gorge at Barton Howl and these represent overflows fronm
a small lake impounded between the ice margin and the northern
flanks of the watershed.

History of the Eskdale Drainage System.

The history of the Eskdale drainage system must be reviewed

on a regional basis and reference is made to Cowrer Reed (1901)

(1937, 1948). It commences as the Chalk of North

and Versey
Yorkshire slowly emerged from the Cretaceous sea. To date no
evidence has been found of the existence of Chalk deposits in
Clveland but the general opinion is that the Chalk of the York-

shire Wolds extended into this area. As the sea receded east-
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wards a certain amount of marine erosion of the Chalk
undoubtedly took place and the exposed surface sloped gently
east or south-east with, of course, deformities due to former
crustal movements. The present dralnage system was originally
developed on this surface. At no subsequent time does there
appear to have been widespread inundation although there were
minor incursions by the sea.

Prior to this regional emergence, which occurred in the
Laramide and which was accompanied by slight tilting eastwards,
minor domes had been formed in Cleveland in the Kimmerian and
these were truncated by erosion and a peneplane was formed which
constituted a northern extension of the Wolds peneplane. A
monadnock remained in central Cleveland in the area now stand-
ing above about 1,200 ft. The direction of the consequent
streams in North Yorkshire was generally south-eastwards and the
Esk then constituted the lower reaches of the original Greta-
Tees system. The Pennines were then folded in the Styrian and
Savian and thls initiated a second fluvial cycle in the drainage
system. The other Pennine rivers (Swale, Ure, Nidd, Wharfe,
Aire) also flowed south-eastwards‘direct to the sea but ultimately
the first four were captured by a subsequent of the powerful

Aire~Humber consequent system working northwards along the
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Triassic outcrop now beneath the Vale of York. The Greta~Tees
was captured by a subsequent stream working southwards from the
north and the Esk was left as a beheaded remnant.. The obse=-
quent developed during this process of capture is the leven, a

tributary of the Tees. The marked lack of control of the Esk
by various structures confirms that it is superimposed.

The arching of the peneplane in Cleveland on an east to
west axis, accompanied or followed by the Vale of Pickering
Fault, led to the initiation of the radial drainage pattern
which exists in Clveland to~day and this includes, of course,
tributaries of the Esk. The directions of dip given by Fig.3.
correspond reasonably well with those given on the maps of the
Geological Survey = the maximum discrepancy in direction appears
to be about 20° on Castleton Ridge. It will be seen that the
streams in Westerdale, Danby Dale, the Tryup Dales and Glais-
dale flow fairly directly down dip. The headwaters of Baysdale
Beck flow directly down dip but the lower reaches flow obliquely
down dip. According to Fig.3. Sleddale Beck flows obliquely
down dip but the Geological Survey map shows the dip directly
downstream in the vicinity of the headwaters. Stonegate Beck
is essentially an anti-dip stream. Rigg Mill Beck fol}ows

roughly the dip but the course of LittleBsck bears no obvious
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relationship to the structural contours. The Murk Esk also

is not influenced by the dip although its tributaries Wheeldale
Gill and . Rutmoor Beck flow mainly down dip. Eller Beck is an
anti-dip stream. Both Wheeldale Beck and Eller Beck have cut
their way southwards beyond the watershed., Wheeldale Beck cap-
tured Wheeldale Gill, the original headwaters of the River Der-
went, and Eller Beck appears to have captured small portions of
the headwaters of Pickering Beck. The headward growth of the
obsequent leven resulted in the capture of Lounsdale Beck and
Warren Beck, originally two of the headwaters of the Esk on

the north—and south slopes of Kildale Gap.

It is generally acknowledged that all themin characteris-
tics of Eskdale had been developed before the Glacial Period
although minor alterations occurred during and since that time.
It is unlikely that the valleys of Eskdale were deepemi by

glacial erosion,
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CHAPTER III

Pield-work

The field techniques employed for the work included surface
exploration, spirit levelling, altimetry, marine echo~-sounding,
electrical resistivity sub-surface exploration and hand-auger
borings. It was appreciated that some of this field-work might
prove fruitless due to limitations of equipment and other
factors but at least the potentialities of the techniquesvin
this type of investigation would be revealed. The conclusions
drawn in this respect are discussed in the appropriate sections
below.

Surface Exploration

The surface exploration covered the main river, all the
major tributaries named in Chapter II under the heading
"Physiography" and several minor tributries wﬁere it was con-
sidered that their characterisitics might prove significant.
Almost the entire lengths of these streams were explored with
a view to describing the characteristics of each, noting
such features as the depth of incision in the valley, the
presence of meanders and the effect of resistant beds of rock.
The observations made during this work are given in Chapter 1V.

It was sometimes necessary to examine other geomorphological
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features - such as landslips at the heads of Great and Little
Fryup Dales, Danby Dale and Westerdale - where it was consi-
dered that these might be directly related to the development
of the drainage system; these features are referred to in the
appropriate sections of Chapters IV and V.
Levelling

levelling was required for the production of the longi=-
tudinal sections of the streams. From Ruswarp to Westerdale
cross~-sections were taken on the main river by spirdt levelling
with engineers' tilting levels and staffs. Two Cooke,
Troughton and Simms §.300 levels and a Wild N1 level were
employed. These sections were commonly taken in groups at
intervals of one-quarter of a mile along the winding course of
the river and the three sections in each group were spaced at
intervals of 50 ft. The object of taking three in a gréup
was to obtain average conditions at each one-quarter of a mile.
The staffs were usually read to the nearest 0.01 ft. although
on gsome sections they were read to O.l.ft. It was generally
considered desirable to read to 0.01 ft., even though plotting
was to the nearest 0.1 ft. since the second decimal figure
might reveal anomaiies in the terrain ~ for example, on a wide

alluvial flat. The levels on the river bed were usually taken
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directly on a staff held either by a man wearing waders or by

a man in a boat. A portable boat weighing 40 1lbs. with two
oars and made of canvas on a light framework was employed

and this could be carried by one or two men as convenient when
folded. Where the immediate valley sides are steep, the levels
were not taken much higher than the top of the river banks but,
where there are alluvial flats, the levels were extended as
much as several hundred feet from the banks. It was intended
that these cross-sections should be used for several purposes
and hence the work was done in detail.

Longitudinal sections of streams are normally constructed
from levels taken by relativelyapproximate methods or from
topographical maps on which the contours are spaced at verti-
c¢al intervals of 25 ft., or more. It was considered desirable
to compare a longitudinal section obtainedby accurate levelling
with one constructed from Ordnance Sheets to the scale of 6
inches to 1 mile and to ascertain if the greater accuracy
yielded a more revealing section. It is intended that, when
similar work on the Swale is completed, the form and dimensions
of the river channels should be studied in relation to such
factors as surface morphology and geology in addition to the

more usual considerations such as run-off. The cross-sections




are also being used for the flooding, dry~-weather flow and
sediment transport studies mentioned in Chapter I.

It is proposed in the near future to take a number of
cross-séctions in the two mils of tidal estuary between
Ruswarp and the coast. The observations will comprise levels
of alluvial flats, banks and water surface taken with a tilt-
ing level and staff and depths to the bed measured with a
sounding line from a boat. The position of the boat at each
sounding will be observed with two theodolites. It is unlikely
that this work would yield anything of particular interest in
connection with this thesis but it will enable a complete
picture of the Esk to be drawn.

It was originally intended that the levels on the tribu=-
taries should be observed by a combination of altimeter, hand-

level and topo-pole. The technique of measuring a cross-
section in this way is illustrated in Fig.l. Where a base-~
altimeter or micro-barograph for recording the variation in
barometric pressure throughout the period of the observations
is not available -~ as in this case = it is necessary to check
with the altimeter between Ordnance benck-marks at intervals
of one hour. Corrections are then made to the altimeter

readings assuming a linear variation in pressure on a time base.
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The altimeter is set on a convenient point on the ground at
each cross-section and the reading is noted. The topo-pole con-
sists of a 10 ft. strip of wood hinged in the centre and is
graduated in intervals of 0.1 ft. from O to =5 ft. from the
centre to the top and from O to +5 ftdrom the centre to the
bottom. An adjustable foot enables the zero graduation on
the topo-pole to be set to the same height above ground as the
eye of the observer. The hand-level consists of a telescope
and bubble-~tube and is similar to an Abney level but without
the neans of measuring vertical angles. An Abney level can,
of course, be employed for this purpose and the vernier arm
is set to zero vertical angle. The topo-pole reading is taken
when the bubble and graduation appear coincident in the half-
mirror in the telescope. The readings represent heights
above or below the feet of the observer who stands by the
altimeter. The distance D can be measured by a tape or by
pacings When the + 5 ft. limit of the topo-pole is :eached
the observer can more forsward to the positjon occupied

by the topo-pole and the levels can be extended for a further
interval of = 5ft, The accuracy of this method is much less
than that obtained wiih a tilting level but is sufficient in
rough country provided reasonable accuracy in altimetry is

attained. It is preferable, of course, to employ three field
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altimeters and the mean reading is adopted for the basic
level at each cross-section.

Difficulty is experienced in reading the topo~pole
where the sights exceed 50 ft. since the hand level is
non-magnifying. However, this difficulty is not insurmoun-
table and in any case in rough country the sights are
commonly less than 50 ft. Most of the altimetry and some
of the topo-pole work on the Murk Esk, Eller Beck and Rut-
moor B eck was completed although the altimetry was unsatis-
factory and eventually the results were discarded. Before
embarking on this particular project, literature on the sub-

(1955)

Ject of altimetry was perused. Sparks emphasizes the
effect of weather on the determination of heights by altimeter
and states that under good observing conditions an error not
exceeding 2 5 ft. can be obtained in a corrected traverse of
one hour's duration, One gains the impression from several
sources that weather is the most important factor and that
the intrinsic accuracy of the altimeter is good enough to
permit it to be read to the nearest 1 ft, by vernier. The
field-work was pressed forward on this basis but suspicions
grew and & halt was called., Tests were then made on two new
altimeters and from these it was concluded that the instru-

ments were fundamentally defective and that mechanical hysteresis,
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friction and backlash were probably the causes of inaccuracies.
The instruments did not appear to suffer from creep - manifest

in a change of reading with time at constant pressure. Further-
more, either the vernier or the main scale graduntions were some-
what in accurate and did not justify reading to 1 ft. It was
clearythat, even given good observing conditions, an accuracy
vetter than =~ 10 ft. could not be guaranteed and this was not
good enough for the investipgation in hand. Consequently a search
was made for an instrument likely to yield better results than
this and eventually it was found that Swedish Paulin altimeters
have been obtainable in Great Britain since early in 1955. These
instruments are designed so that the defects apparent in the instrug
ments mentioned above are a minimum. One was ordered and received
towards the end of 1955 but it had been damageé in transit and was
therefore returned to Sweden for repair. Unfortunately, the répairgd
instrument did not arrive in time for use on the Esk and its tribu-;
taries but the writer has made a number of test circuits betw%en i

®

Ordnance Bench Marks with it. The results shown in Table 1 are -
a representative sample. s

There are several general observatlions arising from these tests;
A point which is not mentioned by the manufacturers is that levell=- %
ing of the instrument is vital for accurate work. The writer found %

that a slight tilt was sufflcient to throw the balancing pointer off%

the null reading, thus leading to errors of 1 to 3 metres.




TARLE 1

Altimeter Trial

Instrument: Paulin No.6621, range =350 to +725 metres

location: 3tation Ro-~d, Purley-in-liharfedale. Date: 1lTov.1958.

Weather: 10/10 cloud, steeady iLarometer, occasional slight wind.

Standard latitude for instruzent: ESO

Field latitude: 54° @ approx., latitude correctﬂon to altitudes =0°+08% (negli;ible).
Standard air temperature for instrument: +10°C, corrections determined from Paulin Tables.

Station OC.S.Bench Correc= Q.5 Time Air OCbs. Cbs. Air Corr. Clos- Corr. Corr. Dis-
Mark tion to Station Tgmp. Alt. Differ- temp. diff. ing diff. obs. crep-
ft. mnetres Station alti- C n €nces COrIT. erroxr alt. ancy
n tude l m m COTTe
n o] n o n
A 2830 8&-2 0 86+2 0935 6e2 =-77°5 . 86e2 O
6*5 -0°1 G4k =08 5¢6
B 3015 919 ~Qe3 916  09°LO 62 =710 918 +0-2
157 =02 155 =15 1k.0
c 353+0 10746 -0l 10742 09+50 642 =55+3 10528 =1eL
101 -0*1 100 -0-8 922
D 3773 1150 +0°2 1152  09+55 6°2 -h45+2 1150 -0°2
1322 =02 13°0 =17 11°3
E L1602 126+8 -0k 1264 10°05 6+2 -32+0 1263 -0°1
195 =0*3 19+2 ~-1°4 1748
F 4725 144°0 -0k 14326  10+15 58 -12-5 1hlkeq  4+0°5

22°0 =03 217 =0*9  20-8
S5h1e2 1649 0 1649  10°20 5°6 +9°5 1543 0
20°3  ~0*3 20°0 +0°h 204
1725 1440 -0l 14326 - 10230 56 -10-8 o 14he5  1+0e9
: W 17°0  ~0°2 16¢8. +0°4  17-2

-27+8

, ﬁO'@O 690 1273 +0°9 -

+0°+2 108

?:i!;‘
]

1165 4103
76 . o

+0+4

e o W R~

'353°0 1076  -O°4 ;;ﬁ 1089 +1+7
S ﬁ 152  ~=0*2 -15+0' +0*4 154
B 3015 919 ~0e3 G167 11505 6.6 -61+0 935 +1+9
o 70 =01 69 404 73

283.0 862 0 862 11+15 7+0 -68+0

The discrepancies are the corrected observed station alititudes minus the 0.S. Station
altitudes calculated from the Ordnance Survey Bench Marks. The mean values of the

forward and return observations and the corresponding discrepancies are as follows:
Sation B ’ Cc D E F

Mean altitudes m. g2+7 ’ 1074 1158 12648 b4l
biscrqpancies m. ‘ +1°1 + 02 + 0+6 + 0L 4+ 07
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A small circular spirit level of the type used with a plane
table can be placed on the glass face of the instrument and
levelling is effected by a pencil, piece of wood, small stones
or, best of all on rock or paved surfaces, two rubber window
wedges. A further adjunct for accurate reading is a magnify-
ing lens - the writer found the old-fashioned reading lens
with a magnification of about four most suitable and this

enables the dial pointer to be read to an estimated 0.1 metre

with an accuracy of 0,2 to 0.3 metre. Hence the accuracy of

reading the dial can be of the order of 1 ft. Given good

observing conditions with steady barometric pressure and tak-

ing precautions on the lines indicated above, checks between

bench-marks indicate that the accuracy of observations is

generally better than : 1.5 metres, or say tSft. andis

frequently better than AW IR :
For the longitudinal sections of the tributaries it was

therefore necessary to resort to the 6 inchesto 1

mile sheets of the Ordnance Survey and enquiries were made to

ascertain the likely accuracy of the contours. The Ordnance

Survey gave a full reply but the most important information

concerning the present study is that a check was made recently

on contours in the Oldham area, which were derived under the

same conditions as those in Yorkshire, and that the standard




error of the instrumental contours was found to be 1l.45 ft.
and of the interpolated contours was 2.46 ft. The standard

/Ze'

error to given by - where e 1is the height error at any

given point on any contour and n is the number of checks
made. From this information it can be concluded that levels
obtained from the contours will be within % 2 to 3 ft. of the
true level with few exceptions. In the Cleveland area the
vertical intervals on the 6 inches to 1 mile sheets are 25 ft.
from O to 1,200 ft. and 50 ft. above 1,200 ft. The instrumen-
tal contours are 25, 50, 100, 150, 200, 250, 300, 350, 400, 500,
600, 800, 1,000 and 1,200 ft., the remainder are sketched.

The longitudinal profile of the main river (Fig.23)
has been plotted both from the 6 inches to 1 mile Ordmnce
Sheets and from the crosse-sections obtained by levelling. Each
aet of three cross-sections was examined and the average level
of the bank top was selected for producing the longitudinal
profile. Selection was often difficult in gorges and beneath
cliffs and even where the terrain was relatively flat. Of the
82 cross-sections, nos.2l and 22 were uncompleted, and the
distribution of discrepancies between the remaining 80 and the
profile derived from the Ordnance Sheets is shown in the table
below. The positive sign implies that the level obtained from
the cross-sections is higher than that obtained from the
Ordnance Sheets and the negative sign implies that the cross=-

section level is lower.
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Negative Positive

Discrepancies ft. 1098765432 1 012345678910

Occurrences no. ooo0oo0o024s21021 4772812501 1

Discrepancies up to I3 st. can be expected in the light
of the comments made by the Ordnance Survey and the proportions
of observations within this mnge is 70 per cent. The reason for
discrepancies outside this range must be due largely to the
fact that the topographical surveyor producing the Ordnance
Sheets has averaged his observations in the field. In order
that an average profile can be derived from cross-sections it
is obvious that many more than 82 would be required. This
result is not unexpected and confirms that Ordnance Sheets
yield sufficiently accurate data for most geomorphological
studies. However, it also emphasises the care required in
taking infrequent spot-levels on banks or flood-plains from
which profiles are constructed. The reason for the predominance
of positive discrepancies is rather obscure but it may be
due to the fact that bank-top levels are usually a little
higher than mean ground levelk.

Echo=Sounding

An echo=sounding survey was carried out in an area
between Whitby Piers and Upgang, extending roughly 1% miles

seawards from the cliffs, in order to ascertain the levels
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of the present submarine channel of the Esk beyond Whitby
Harbour and to endeavour to locate the buried channel between
Whitby and Upgang. At the time when this survey was made it
was assumed that the tentative line of Hemingway (1940)(Fig.9)
represented the pre-Glacial channel, whereas the present
wiiter subsequently formed the opinion that this particular
line roughly follows an inter-Glacial valley, as discussed

in Chapter V under the heading of "The General pre-Glacial
Course of the Esk", and the pre-Glacial channel is considered
to be between Upgang and Sandsend. Consequently, this hydro-
graphic survey ought to have been extended westwards to Sands=-
end but the writer had not at that time considered the problem
in detail and unfortunately this extension of the work was
never contemplated.

Several of the Whitby fishing boats are equipped with
echo-sounding gear and one of these = the "Provider A"
(Skipper J.J.Storr) - was chartered for the work at a total
cost of £12. This vessel has a displacement of 39 tons,
length 59 ft.,beam 18 ft. and draught 6% ft. laden and unladen.
The transmitter and receiver = known collctively as the
oscillators - are 5 ft. apart horizontally and are located
at a depth of 6 f£t, below the water-line. The sounder is a
Type MS 20 manufactured by Kelvin and Hugheé Ltd. and opefatea

on a frequency of 15,000 cycles per second. The osciilators




are 20 ft. aft of the foremast, on which the sights were
taken from the shore. The speed of the boat whilst record-
ing was generally about 8 knots.

The MS 20 was designed principally for locating fish

shoals and it is not recommended for shallow water soundings

by manufacturers, although they considered that it would
probably give sufficient results for the present investigation,
When hiring equipment of this kind, one is very much in the
hands of the owner and it was not possible to make all the
desirable tests and adjustments. The local agent of the
manufacturers stated that the sounders on the Whitby fishing
boats are checked at intervals of about 6 months. The one
minute marks were checked during operations and it was found
that they were recorded at iptervale of 59 seconds. This is
not significant in this case since the distance between the dan
buoys is divided in proportions tsken from therecords. In
shallow water it is necessary to deduct an amount from recorded
depths owing to the fact that the incidence of the ray from
transmitter to receiver on a horzontal bed is not vertical.

For an oscillator spacing of 5 ft. the corrections are approxi-
mately 6, 3 and 2 in. when the recorded distances from transmit-
ter to bed are 1, 2 and 3 fathoms respectively. Iﬁ this work

the distance is seldom less than one fathom and éenerally
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exceeds two fathoms and corrections are made only to readings
between one-half and one and a half fathoms. A steel bar was

not available for the usual bar test which is made to check
the position of zero depth on the record. However, this test

was made by the altern;tivemethodand the depth recorded

when passing over the sand-bar at the hafbour mouth was checked
against a lead-line reading. The depth below the oscillators

was found by lead-line to be % fathom, that is 1} fathoms

below the water-line, when the echo-sounder recorded 3% fathoms.
The correction for the inclincation of the ray is about 12 in. at
a recorded depth of % fathom so that the correction to all

chart depths is (21=3-1) = 17 ft. That is, the instrument should
have recorded 4 ft. when it was in fact recording 21 ft. Since
the oscillators are 1 fathom below the water~line, a deduction
of 11 ft. gives the depth below water surface directly. Tide

gauge readings were taken from the time of departure to return

extending over a period of two hours, low water occurring
approximately half-way through the work. The sections were
recorded during a period of about % hour and the maximum varia-
tion in water-level was about 0.20 ft. ‘The other sources of
error in the records do not justify making any correction for
this and the water-level is taken as the mean value during the

period of % hour - that is, 4.1 ft. below Ordnance datum.




Hence a deduction of (1ll-4) = 7 ft. to all resdings gives the
reduced sea-bed level below Ordnance datum directly.

Fig.5 shows the layout of the three shore stations o(,/3

andYtogether with the ten sea stations marked by dan
buoys A to E and P to T. It is generally considered desirable
in sounding to have all observations under the control of the
party chief on the boat and the observations for position must
then be taken by box séxtant. Because one small box sextant
only was available, it was decided to employ theodolites at
the shore stations and to arrange a system of visual inter-
communication between shore and boat parties. One theodolite
was established. at each of the three shore stations with a
second theodolite about 1Q ft. from each. The object of dup-
licating readings in this way was to ensure that no reading was
missed in the event of the gpeed of operations being too fast
for the observers and also to provide a check on the accuracy
of each fix. Several different types of theodolites were
employed reading directly to' 1 to 20 secs. A local system of
co-ordinates was established for the shore stations by reference
tol/2,500 gcale Ordnance Sheets.

The track of the boat, as defined by the foregast. is
shown in Fig.5 - reduced from the original which was plotted

to a scale of l/5,000 with a brass protractor. The dan buoys
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were laid down at what were judged to be appropriate spacings.
A dan buoy consists of a float through which passes a pole with
a lead sinker at the bottom and a flag at the top; it is
moored with a line attached to an anchor. The length of the moor-
ing line should be adjusted to the depth of water at the station
but it was not possible to arrange for this to be done.
Consequently the buoys drifted with wind and current and the
anchors also dragged on the bottom, but repeated theodolite
observations showed that the buoys became static very soon after
being laid. The sections were run on the buoys in the static
positions but examples of the amount of drift are indicated in
Fig.5. It was not possible to extend the survey eastwards
owing to the rock shelf in front of the east cliff which makes
navigation unsafe. The positions of the sections areshown in
Fig.6.

All theodolite sights were made on the foremast of the
boat and it is necessary to make a correction of 20 ft., in
the positions when plotting the location of the sections on the
plan. Inter-communication was established with pairs of flags;
one signaller at each shore station and the boat signaller by
the foremast. Flag signals were evolved for the following

orders and replies:
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Orders from the boat: Replies from shore stations:

1. Commence simultaneous (%J

observations
This station is following T
foremast with top circle
unclamped
2. Clamp top circle and
follow foremast with T
slow-motion screw

(held for S secs)

3. Read 5 -

Reading taken
L, Cease observations
until signal (1) is -ﬁﬁﬁ’
seen

The instant of passing each of the buoys and the instant
of each theodolite observation was inscribed on the echo-sounder
record together with the one-minute intervals,

It was found that the observers on the theodolites were
able to keep pace with the boat operations and the duplicate
theodolites were not, in fact, necessary. As a test at the
close of the work, several observations were called for in
succession at intervals of about one minute and these were
recorded perfectly by the three stations, The positions were
established with an encouraging degree of accuracy and in
most cases the triangle of error was very small or absent.

The least satisfactory fix was at station @ where the error in
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position might be as much as 150 ft. The duplicate theodolites
generally confirmed the fixes and, from this aspect also, were
not necessary. Copies of the records, approximately one-half

the scale of the originals, are shown in Fig.7. The ragged

trace of the bed is due to the rise and fall of the boat with
the waves. Sections plotted from the records are shown in
Fig. 8. Taking into account possible errors in obtaining and
reading the records, the writer considers that the vertical
measurements are probably accurate to within Y3 tt. but there
is no means of checking this.

After the five records had been examined, it was
decided that two further sections -FU and VG - should be run
at distances of about 1% and 1% miles from the cliffs respec-
tively. Unfortunately, personnel and instruments were not
available for the shore stations and the positions of the
sections are indicated approximately by dotted lines in
Fig.6. When these sections were run the tide was about 6 ft.
higher than before. The deficencies in the praject confirm
the desirability of a reconnaissance survey covering a wide
area before the main/survey is undertaken but,‘ih fﬁis;case.
expense and other considerations,precluded this,

It will be noted from the records (Fig#?)lthat~the present
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submarine channel of the Esk is not particularly well defined,
although it appears more distinct when the field data are
plotted to an exagerated vertical scale, as shown in Fig,.8.
This channel probably contains natural sand filling and also
material brought from the harbour by the dredger and dumped
some distance from the shore. However, at a distance of about

one mile from the harbour mouth the channel is much wider and

can scarcely be recognised as such on the records. It was

hoped that some evidence of the inter-Glacial channel would

be found in the nature of double reflections. Given the right
conditions, it is possible to obtain a reflection from the
surface of unconsolidated material and another from the solid
rock beneath. No evidence of this kind appears on the records
and, if the channel was covered by the survey, then the filling
of sand and Boulder Clay must be sufficiently well compacted

to yield only one reflection. Whitby fishermen have informed
the writer that sand extends seawards for a distance of about
150 yards from the cliffs at Upgang and for a distance of aboup
250 yds. from the cliffs at the West Pier. Admiralty Plan
No.1625 shows sand extending further seawards than this. Beyond
these limits the bottom is rock with,presun ably, Boulder Clay |

in places. Samples taken from the bottom between Sandsend and
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Whitby might therefore prove the positions of buried channels.
Nevertheless, in spite of the absence of double reflections,
three of the sections shown in Fig.8. reveal depressions which
might be interpreted as representing the line of two buried
channels. These depressions occur in the positions as follows.

Section AP West of P Between 3 & 4

pre=Glacial inter-Glacial
channel (?) Between 9 & 10 y.nnel (?)

Section CR West of 1 Between 16 17 J

Section BQ West of 12

The depression between 9 and 10 does not accord with the
other two which fall in line with the landward inter-Glacial
course, as shown in Fig.6. This course was derived from Esk
Cross Sections 5 and 6 (Figs.33 and 34). Only one depression
appears in Sections ET, FU and OV and it can be inferred that

the inter=Glacial and present channels coalesce at a distance

approaching two miles frsm the present cliffs. These
inferences must be regarded as conjectural since sub-marine
erosion or eafly post-Glacial aub-gerial erosion may be wholly
or partly responsible for these depressions. The pronounced

cliff between Stations 15 and 16 is worthy of note although its

significance is not apparent.
Admiralty Plan No.1625 of Whitby Road shows a lobe of rock

projecting seawards between Upgang and Lector Nab and this




suggests a ridge between pre-Glacial and inter-Glacial valleys.
The configuration of the sea~bed contours also suggests a
valley between Sandsend and Upgang and another between Lector
Nab and Second Nab at The Spa, with a ridge between them.

There is no indication that the pre~Glacial valley joins the
united inter-Glacial and present channels. Admiralty Chart
No.1191 ~ covering the East Coast between Flamborough Head

and the River Tyne - reveals nothing which can be interpreted
as seaward extensions of these inshore depressions.

Electrical Resistivity Survey

A textative course for the pre-~Glacial channel of the Esk
between Ruswarp and the coast has been delineated by Hemingway
(1940) an4 this is shown in Fige9. The present weiter comsiders

that this representd an inter- Glacial valley, as indicated in

Chapter V, and it will be referred to as such in the following

discussion. As a preliminary to the work described below, the
present writer examined the west bank of the railway just south
of Whitby where this course is shown swinging furthest east but
no solid rock can be seen here. The bank is covered with top=-
soil but the slope indicates that it may be cut in Boﬁlder Clay.
The Chief Civil Engineer, NortrEastern Region of British Rail-
ways, York, was approached but the construction planes which

are still in existence do not reveal the nature of the material -
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in which the railway is situated except at the viaduct, as
shown in Fig.1l5. It should be noted that the recent post-
Glacial channel was diverted immediately before it enters

the gorge at Larpool in order to facilitate construction of
the railway, as shown in Fig.9. The large loop in the tenta-
tive line (Fig.9) towards the present course of the Esk just
above the harbour appears to be an unwarrantable anomaly =

it is much more likely that fhe inter-Glacial course seawards

from Ruswarp was relatively straight or gently curved. The low

bed-rock topography near this loop is more likely to be due to
a pre~Glacial or inter~Glacial tributary roughly following the
course of Spital Beck.

On the assumption that the inter-Glacial course was roughly
as shown, it was decided to make an electrical resiastivity survey
across the alluvial flat, known as the Fitts, between Ruswarp
and Larpool in an endeavour to locate the channel. The Wenner-
Gish-Rooney layout of electrodes was employed for this work
and the general arrangement is shown in Fig.lO; In the apparatus
used, current for the electrodes is supplied from a 6 volt
accumulator and is passed through a commutator which delivers
it to the electrodes as a low-frequency alternating current. The
commutator is operated by a motor supplied with power from another

6 volt accumulator. A null method of reading is used to measure
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the potential difference between the potential electrodes,
the balancing voltage being taken from a potentiometer con-
nected across a 9 volt dry battery.

A straight traverse was run from A to C with a constant
electrode spacing a of 200 ft. and station intervals of 20 ft.
The section BC was also partly run with an electrode spacing
of 100 ft. and stations at 100 ft.intervals. At that time
it was anticipated that the buried channel would be about 100 ft.
below the surface, the depth increasing beneath the higher
ground west of the alluvial flat. Consequently it was con-
sidered that electrode spacings of 100 and 200 ft. would be
most likely to reveal the presence of the channel. The
estimate of depth was based partly on Barrow (1888) who
states that a series of borings proved the old Tees valley
to be 90 ft below present high water mark. Thelocationsof
these borings are not given but it would be fortuitous if they
covered the lowest part of the old valley, hence the depth
may be reasonably assumed as 90 ft. below 0.,D. Allowing for
the fact that ground level at The Fitts is about 10 ft. above
0.D. the estimate of 100 ft. below this surface is reasonable.
However, subsequent study led the writer to believe that the
channel under review is inter-Glacial and there is no reason

to assume that this also lies &t a depth of 100 ft.
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The results of the resistivity traverses together with levels
taken along the line are shown in Fig.l1.

An expanding electrode probe was made at the point X in
order to obtain data on the variation of resistivity with
depth and the electrode spacing was varied from 5 ft. to 60 ft,
in units of 5 ft. and from 60 ft. to 130 ft. in units of 10 ft.
with a final reading at 150 ft. The results derived from this
probe are shown in Figﬂia;

These results are typical of a three layer problem up to
the sharp curve leading to the constant value of about 22.7
units and correspond to the case in which, relatively, a layer
of medium resistivity overlies a layer of low resistivity which
in turn overlies a layer of high resistivity. Theresistivity
of the soil above the water-table is probably between 12 and 15
units but the spacing of the electrodes was not reduced
sufficiently to determine this precisely. A hand auger boring
proved the water-table at a depth of 2 ft.6in. and the electrodes
were inserted to a depth of about 9 in, in the soil, Consequently,
it is not unreasonable to ignore the effect of the surface layer
and to treat the readings as relating to a two=layer problem,
thus enabling an estimate of depth to bedrock to be obtained.
In this case, the resistivity of the layer of spil below the

water-table is p, and that of the bedrock is @ . The recorded
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value of f5 is probably high on account of the medium
resistivity surface layer but the recorded apparent resisti-
vity will also be rather high for the same reason although
probably by a smaller percentage. Hence the ratio PVPa

may be rather high and hence also }Dé and consequently

the depth to the interface h can be expected to be slightly
overestimated. The calculations baseq on Tagg's curves for

a two-layer case are shown in Table 2:“ There is no point in
plotting the usual families of curves since the table indicates
the most probable value within a foot or so.

In Table 2 the ekctrode spacings of 20 ft. and those
over 50 ft. yield inconsistent values = the first probably
because of the effect of the surface layer and the remainder
probably because of the relatively rapid trend towards a
constant resistivity. The most reliable estimate of depth
should therefore lie within the range of electrode spacings
of 25 to 50 ft. and is seen to be 22 to 23 ft. at X = 0.9.
This gives P, = 124 unite . The reliability of the esti-
mated depth h is enhanced by the fact that it is obtained
with electrode spacings from about h to 2h and optimum
results may be expected within this range in terms of effec=-
tive depth ofpenetration.

The value b = 1,240 ohm cms. is reasonable for saturated
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TABLE 2

Calculations for Expanding Electrode Probe at X

a(ft) 20 25 30 35 Lo 4s 50 55 60
Paunits) 72 10°0 17 13°3 145 15+7 1627 178 18+7
f}@h 0°90 0+65 0+56 0°L49 Ce45 O*41 039 037 0°35
K h/a h h/a h h/a h h/a h h/a h h/a h h/a h h/a h h/a h
0°7 1260 32°0 077 19*2 060 18+0 050 17+5 043 1722 036 16+2 0°+35 17°5 031 170 0+30 180
0-8 170 3420 084 210 068 204 0°56 19¢6 0+50 200 0+L43 193 (Q<L3 215 0+38 210 036 2146
0°+9 1275 35¢0 090 22°5 O0+7h 22+2 “0+6h 225 0:56 22+4 0+50 225 0°L9 2he5 Q-lLl 24+3 0-43 25-8
10 1284 3648 096 240 0°+82 246 0°70 245 0+6L 256 0+56 252 0°55 27+5 051 282 050 30°0
a(ft) 70 80 90 100 110 120 130 150
Pa(units) 207 2146 22+4 23+0 22+6 22-8 226 224
f@@a 0°31 0+30 0°29 0°27 0°29 0+28 0+29 0+29
K h/a h h/a h h/a h h/a h h/a h h/a h h/a h h/a h
07 0°21 147 0°20 16°0 0°20 18°0 O0+14 1L4eQ0 0420 22°0 0°17 20+4 0°20 260 0°20 30°0
0+8 0°31 217 030 2L4e0 0°29 261 0427 270 0°29 319 028 33+6 0°29 378 0°29 L3-5
0°9 0°36 25°2 0°35 280 O0°34 30°6 0°31 310 O0°+34 374 033 396 034 4hek 034 510
10 Os43 301 0°L2 336 O0<41 36+9 037 37°0 O0+41 L5+1 0+40 L4B-0 0-L41 53°5 041 615

From Fig.13 take pq = 6°5 units = 1,240 ohm cms.
K =p2 - p4 and when K = 0°9, 2 = 124 units = 23,700 ohm cms.

In tgese calculations the units are‘aV) ohm ft. and to convert to true resistivity
in ohm cms. these must be multiplied I/ by 2m30+48



eilt and clay and f’z = 23,700 ohm cms. 1s reasonable for
saturated sandstone but is rather high for saturated shale.
The constant resistivity to which the curve tends is 22.7
unite = 4,340 ohm cms. and this is more consistent with
saturated shale. Hence it is reasonabl; to assume that the
base of the sandstone is at a depth of the order of 100 ft.
It must be appreciated, however, that estimates of depths
obtained from this probe musf inevitably be in the nature
of crude approximations because of the number of layers /aﬁffg
involved.
Having made this assessment of the results of the probe

at X, it was decided to seek other information relating
to the problem. Barrow (1888) records a borehole put down

ot sm,fl. >

in a field just amuth of the Esk opposite Ruswarp in 1821

under the direction of Colonel Wilson. The exact location
is not given although Barrow appears to have known the
position at least approximately since he states that the
borehole commenced about 30 ft. below the base of the Grey
Limestone, which can be traced in the field above. It a&{T‘ €
seems likely that the location was just south or south-west

of the present road bridge over the Esk at Ruswarp. The log

of the boring shows 22ft. of soll and gravelly clay (alluvium)
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followed by 220 ft. of Lower Estuarine Series to the top of
the Dogger. The boring was extended about 100 ft. into the
Lias. The original thickness, below the CGrey Limestone, of
the Lower Estuarines and the Dogger at this point is thus
about 280 ft. According to Fig.3 the original elevation of
the base of the Grey Limestone at X is about 70 ft. a.0.D.
Allowing alluvium down to =15 ft. b.0.D, at X, the thickness
of Lower Estuarines is (280 - 85) or say 200 ft. The
general lithology of the Lower Estuarines is that sandstone
predominates in the upper part of the series above the Eller
Beck Bed and shales and shaly sandstone in the lower part,
these latter being about 100 ft. thick (Barrow 1888) in the
Whitby District., It was suggested above that the thickness
of sandstone was of the order 100 ft. less 20 ft. of allu-
vium according to the resistivity probe at X and this
estimate of 80 ft, corresponds wellwith the geological evi-
dence which leads to an estimate of 100 ft. However, too
many uncertainties exist in the data on which both these
estimates are based and the correlation may be more apparent
than real.

Further information on the depth to bed rock was ob-
tained subsequently by hand-auger borings at F, X, E and D.

The position of the water table obtained from the borings




is shown in Fig.1l) together with the depth to bed rock., In
borings F, X and E penetration was eventually halted by hard,
gritty rock but, because of the water in the holes, only a

few small fragments were brought to the murface. This resis-
tant material gave the impression of solid rock or a boulder
more than of gravel and, kecause the depth below surface was
fairly consistent, it was considered to be most likely bed
rock, although this form of interpretation is by no means
positive. The depth of 20 ft. at X corresponds with the esti-
mate of 22 to 23 ft. obtained with the resistivity probe at
this point. The boring at D was abandoned at a depth of

23 ft. owing to jamming of threads on the rods. The material
found in all four boreholes was mainly silt andclay but identi-
fication of different layers was almost impossible because the
material was churned in the water,

It was hoped that the borings would explain the reasons
for the highs and lows in the constant electrode spacing
traverse shown in Fig,1ll = in the form perhaps of gravel at
the highs and silt and clay at the lows. Since saturated silt
and clay have low resistivities, the fact that these materials
are present indpressions in bed rock surface~according to the
borings -~ should lead to lows over the depressions, whereas the

evidence is contrary to this. Unfortunately, the electrode
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spacing, and hence also the effective depth of penetration, was
too great for optimum results where bed rock lies at depths
between, say, 20 and 40 ft. The fact that the highs and lows
are accentuated with an electrode spacing of 200 ft. compared
with 100 ft., indicates that the reasons for these are deep-
seated, yet there is no apparent explanation for this.

It is true, of course, that various combinations of quite
different resistivities in near-surface features may be
included in a spacing between current electrode of 600 ft. but
the resistivity anomalies due to these would be very difficult
to interpret. The uniformity of the results, including the

gradual decline in average resistivity from A to C, give

confidence in their veracity - the difficulty lies in the
interpretation. The next step is to repeat the traverse with
electrode spacings of 20 ft. and 40 or 50 ft. together with further
borings along the line and the writer hopes to put this work

in hand early in 1957.

Expanding electrode probes were also made at Y and 2 with
electrode spacings of 20 to 80 ft. by 10 ft. increments. The
results of this work are plotted in Figf, 1% and 1k.
Calculations weremade similar to those in Table 2. and the

relevant data are as follows. ,
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Station Y
I = 250 milliamps. Estimated P, = 10.5 units = 2,000 ohm cms
K = 0.55 . Depth to bedrock h = 17 ft. p; =36.2 units =
6,900 ohm cms.
Station 2
I = 60 milliamps. Estimated £; = 10.5 units = 2,000 ohm cms
K = 0.5. Depth to bedrock h = 16 ft. p, = 31.5 units =
6,000 ohm cms,

A boring was made at Y and, after passing through silts and
clays, bed rock was considered to be met at a depth of 22 ft.6 in.
The depth calculated from the resistivity probhe was 17 ft. The
water table stood at a depth of 2 ft., below the surface. The
ground level is about 7 ft. a.0.D. at Y. It will be observed
that at Y and 2 the value of f& is of the order one-third to

one-quarter of the value obtained at X. This is a considerable

variation in resistivity of the Lower Estuarines which may be
expected to be relatively uniform, If, however, such varia-
tions exist, then the reason for the highs and lows in Fig.ll
are obvious, but a closer electrode spacing wouldreduce the
effects.

This resistivity investigation was disappointing insomuch
as it failed to locate earlier river channels but at the same

time it presents features which encourage further investigation.
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Borings and Related Data.

In an endeavour to secure levels of the rock floor of
the pre-Glacial Esk, thereby facilitating extrapolation to
base=level, it was decided to sink boreholes in the centre
of the valley between the Lealholm moraine and Castleton.
However, the depths proved too great for the hand-auger equip-
ment so that the scheme was modified to obtain levels of the
0ld valley sides, where it was anticipated the boreholes would

be shallower, and from this data it was hoped to construct

cross-sections of the o0ld valley, sketching the centre part.
.Even this proved too arduous a task as the boring records
given below demonstrate. The equipment consisted of a 2 in.
diameter ship-auger of thehelical-spring  type weighing 10 1lbs
and a 1% in. diameter ship-auger of the Archimedean-spiral
type weighing 5 lbs; both were 3 ft. long. The hollow mild-
steel rods were 1 in, diameter externally and & ft. long and
each weighed 9 1lbs. This equipment was heavy to operate and
to transport on foot but in practice it was found to be only
just robust enough for the work. One man can operate the
equipment for borings down to 10 or 12 ft. but below this two men
are reguired and then the maximum depth which can be attained

under favourable circumstances is about 30 ft, Gravel often




brought borings to a halt and water in the hole washed sand
out of the auger and turned clay into slurry. It was some=-
times possible to bore into solid sandstone or sandstone
boulders. Indentification of the mterial was sometimes
difficult owing to the disturbed nature of the samples. Rates
of drilling ranged between 2% to 20 minutes per foot and were
most commonly 10 to 12 minutes per foot.

The data obtained from five mid-valley borings between
Bow Bridge, Castleton, and Danby Lodge together with data
obtained from 14 cross-valley borings at Duck Bridge, Ain-
thorpe, are given below under National Grid references. Where
levels are stated to be approximate they are likely to be
accurate to within bt 3 ft., or at most b 5 ft. A minus sign
after a level indicates that the rock floor is at some depth

beneath the bottom of the borehole.

Al A2
508380 mN 508330 nmN
468530 mE L6964L0 nE
Bow Bridge, Castleton Howe Wath Bridge, Castleton
Ground level 427 ft. a.0.D. Ground level 415 ft. a.0.D.
0 to 9 ft. sandy silt O to 5 ft. sand and sandy clay
9 ft. to 10 ft. gravel 5 ft. layer 2 in, thick of sand
Rock floor 417 ft.- a.0.D. with thin flakes of shale and
Drilling time 1% hrs plant fibres

5 ft. to 7 ft. light brown sandy

clay

7 ft. to 9% ft. Sandy Silt
9% ft. to 10 ft. gravel

Rock floor 405 ft.=~ &.0.D.
Plant remains 410 ft. a.0.D.
Drilling time 1% hrs.




A3

508190 nmN

L0790 mE

Ainthorpe Bridge, Danby

Ground level 207% ft. a.O.D.

0 to 5 ft. sand, gravel and
silt

5 ft. to 5% ft. gravel

Rock floor 202 ft.- a.0.D.

Drilling time 1 hr.

Al(b)

508280 mN

421480 mE

Danby Lodge, Danby (adjacent to
Al(a))

Ground level 387 ft,

0 to 3% ft. silt

3% ft. to 11 ft. clay with faint
purple tinge, traces of
laminations near bottom

Rock floor 376 ft.~ a.0.D.

Drilling time 2) hrs.

a.0.D,

Bl

507370 mN

471710 nE

Danby Castle, Ainthorpe

Ground level 530 ft. a.0,D. a
approx.

0 to 3% ft. sandy soil with
fragments of sandstone

Rock floor 526% ft.= a.0.D.
approx

Drilling time 1 hr.

Ak(a)

508270 mN

471480 mE

Danby Lodge, Danby

Ground level 398 ft. a.0.D.

0O to § ft. sand, red at top,
light yellow at bottom, with
small
percentage of clay

9 ft. to 12 ft. gravel

Rock floor 386 ft.- a.0.D.

Drilling time 2} hrs.

B2

507470 mN

471840 mB

Danby Castle, Ainthorpe

Ground level 450 ft. a.0,D.

0 to 3 ft. clay, light brown
at top, dark grey at bottom,
wvith sandy layers,

3 ft. to 3) ft. pebbles and sand
with black particles (? jet)
3% ft. to 6 ft. light brown clay
with sand at top graduating
to fine, light grey sand at

bottom.
6 ft. to 8% ft. light grey
sandstone (? sandy shale)
This borehole appears to be
located near the contact
between the Grey Shale and
the Jet Rock.

Rock floor (?) 44k ft. a.O, D.
Drilling time 1% hrs.




B3

507480 mN

471800 nE

Danby Castle, Ainthorpe

Ground level 465 ft. a.0.D.
approx.

O to 3 ft. weathered clay

3 ft. to 5% ft. fine to coarse
fragments of red colour (?
transported Dogger) with white
sandstone below (? boulder)

Rock floor ""59% fte~- 804D
approx.

Drilling time ¥ hr,

B5

507580 mN

471865 mE

Duck Bridge, Ainthorpe

Ground level 425 ft. a.0.D.

0 to 2% ft. clay with fragments
of sandstone

Rock floor 422% ft.-

Drilling time % hr.

a.0.D,

B4

507485 mN

471800 mE

Danby Castle, Ainthorpe

Ground level 455 ft., a.0.D.
apr ox.

O to 3 ft. brown clay with stones

3 ft. to 5 ft. brown sandy clay
with stones of sandstone and
ironstone

5 ft. to 8% ft. white to red sand
at top graduating to sandy clay
with pebbles at bottom

Rock floor 4u46% ft.- a.0.D. approx.

Drilling time 1% hrs.

B6

507581 mN

471865 mE

Duck Bridge, Ainthorpe

Ground level 425 ft. a.0.D,

0 to 4 ft., clay with Aragments
of decomposed sandstone and
traces of plant fibres.

4 ft. to 19 ft. clay with traces
of laminations and a thin
woody layer at 5 ft.

19 ft. to 21 ft. sand and clay

21 ft, to 25 ft. weathered shale
becoming stiffer with increas=~
ing depth

Water issued from borehole under

artesian head after sand and clay
penetrated

Rock floor 4O4 ft, a.0.D.

Plant remains 420 ft. a.0,D.

Drilling time 6% hrs.




B?

507920 mN
4722080 mE
Park House, Danby

Ground level 395 ft. a.0O.D.
approx

O to 4 ft. grey clay with woody
fragments

Water table at 2 ft.

Rock floor 391 fte= a.0.D
approx

. Plant remains about 393 ft.

approx.
(?clay and plant remains trans-
ported)

Drilling time % hr.

B9

508060 mN

4792170 nmE

Park House, Danby

Ground level ll-lZ ft. a.0.D.
approxe.

0 to 2ft. weathered clay

2 ft. to 4 ft. light brown clay

L ft. to 6 ft. soft fine grained
sandstone (boulders) of
various colours -« red, brown,
blue, grey

6 ft. to 7 ft. grey and brown
clay -

7 ft. to 8 ft. soft fine grained
sandstone (boulder)

Rock floor 404 ft.- A.0.D. approx

Drilling time 1) hrs.

Data from this borehole does not
accord with data from adjacent
boreholes since lacustrine clay
occurs at higher levels else-
where - it may represent filling
of an old ditch or an excavation
by man or pre-Glacial debris.

78

B8

508010 mN

472125 mE

Park House, Danby

Ground level 400 ft. a.0.D.
approx.

0 to & ft. red clay

b ft, to 27% ft. dark brown
clay with traces of lamina~-
tions, very consistent in
composition

Rock floor 372% ft.-
approx.

Drilling time 5 hrs.

8.0.D

Bl1O

508100 mN

472190 mE

Park House, Danby

Ground level 422 ft., a.0.D.
approx.

0 to 3 ft. weathered clay

3 ft. to 6 ft, dark brown clay
with layers of grey clay and
a woody layer at 5 ft.

6 ft., to 12 ft, dark brown clay
with traces of laminations,
very consistent in composition

Rock floor 410 ft.~ a.0.D. approx

Plant remains 417 ft. a.0.D. approx

Drilling time 1 hr.




Bll

508105 mN

472193 mE

Park House, Danby

Ground level 423 ft, a.0.D.
approx.

0 to 3ft. weathered clay

3 ft. to 9 ft. brown clay,
increasingly darker with
depth, traces of lamina-
tions and wood fragments
at 7 ft.

9 ft. to 102 ft. sandstone
(?pre-Glacial boulder)
water issued from borehole
after edering sandstone

Rock floor 414 ft.- a.0.D.
approxe

Plant remains 416 ft. a.0.D.
approx.

Drilling time % hr.

Bl3

508127 mN

472213 mE

Park House, Danby

Ground level 425 ft, a.0.D.
ApPProx.

O to 2 ft. weathered clay with
coarse sand particles

2 ft. to 6% ft. yellowish to

greyish clay with traces of
laminations and plant fibres

6% ft. reddish sandstone (Dogger)

Rock floor 419 ft. a.0.D. approx

Plant remains 420 ft. a.0.D.
approx.

Drilling time 1 hr,
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Blz

508118 mN

472197 mBE

Park House, Danby

Ground level 424 ft. a.0.D.
approx.

0 to 2ft. weathered clay

2 ft. to 8% ft. brown and grey
clay with traces of lamina-
tions

8% ft. to 11 ft. sandstone (7
pre~Glacial boulder)

Water issued from borehole
under artesian head after
entering sandstone

Rock floor 415% ft(?) a.0.D.
approx.

Drilling time 1 hr.

Bl4

508135 mN

472210 mE

Park House, Danby

Ground level 430 ft. a.0.D.
approx.

O. to 2 ft. weathered clay

2 ft. to 4 ft. greyish brown

clay

L ft, to 6 ft. sand with red
sandstone (Dogger)

Rock floor 425 ft. a.0.D. approx

Drilling time % hr.

The thicker deposits of uniform dark brown clay with traces

of laminations at, for example,B6 and B8 are undoubtedly lacus-

trine, mainly Glacial but perhaps also partly early post-Glacial,
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It will be noted from theboring records that plant remains appear

most commonly between 415 and 420 ft. a.,0.D. and that they occur

near the top of the lacustrine clay and often below abogt 5 ft,.
of post-Glacial colluvium or eluvium. Thisraﬁge of levels
accords with an early overflow sill level at the head of
Crunkly Gill - possibly established by the Estuarines above the
Dogger Bed, the level of which is just below 400 ft. at this
point. The present level at the head of the Gill is about
360 ft. Samples from boreholes B6, Bl0O and Bll were submitted
to Miss L.I.Scott and Professor R.D.Preston, of the Botany
Department, University of Leeds. Miss Scott identified the
specimens as birch. The smaller fragments were dead at the
time of buriai but on; comparatively large piece was obviously
alive at burial since it shows a well preserved structure and
there is cellulose in thewalls. There is no evidence of top=-soil,
peat or moss assoclated with this plant matter.

There appears to be lacustrine clay above some of the
rlant remains and the point arises as to whether these represent
the decaying roots of recent birches or drift wood on the sides
of & post-Glacial lake. Professor Preston has examined
specimens in the electron microscope and considers that the

matter is comparatively recent = particularly in view of the
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absence of an inhibiting agent such as water - but this is
not absolutely certain. The roots of recent birches would
need to penetrate to depths of as much as ? ft. according
to the borings., If the matter is recent, then it has little
geological significance. On the other hand, if it is
immdiately post-Glacial, a ralio-activity Clhk test will yield
chronological data and indicate whether or not a lake existed
in post-QGlacial times. With this aspect in view, it is hoped
to sink further borings 4 in. diameter in the near future.
Two cross-sections of the Lower Esk have been drawn from
boring records obtained for engineering construction and these
are shown in Fig.15. The Chief Civil fhgineer, North -Eastern
Region of British Railways, York, kindly supplied boring
data obtained in 1882 for the cohstruction of the railway
viaduct at Larpool. The data given below for Pier 9 are
taken from the construction record instead of the boring -
record. The Chalk which appears in the record for Pier 6 is
probably material dumped from ships in which it was used as
ballast. The second cross-section is derived from data
obtained about 1920 for the construction of the present
cantilever and suspended span road bridge over the Esk at
Sleights. The original nomenclature employed in the records

is retained in the data given below.
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The records of the six borings at the Larpool railway viaduct

are as follows:
Pier 6

Ground surface 7.6 ft. a.o0.d.

20 ft. 6 in. Chalk and gravel
25 ft. 0 in. slurry and mud

1 ft. 6 in., Freestone

5 ft. 6 in+ Hard grey shale
Pier 9

Ground surface 1.7 ft. a.o.de.
12 ft. O in. River deposits
4L ft. O in. Freestone

L ft, 6 in. Fireclay

10 ft. 3 in, Shale

L ft, O in.+ Freestone

Pier 11

Ground surface 51.2 ft. a.0.d.

3 ft. O in. Clay

3 ft. 6 in. Sandstone in layers
9 ft. O in. Solid freestone

1 ft. 6 in. Brown shale

32 ft. O in. Blue shale

4 ft., O in.4+ Hard brown shale

The records of the four borings at
are as follows:

North abutment

Ground surface 26,5 ft. a.0.4d.
15 ft. 9 in. Brown clay

8 ft. 6 in. Soft shale

13 ft. O in. leafy shale

13 ft. 0 in. Grit shale

Pier 7

Ground surface 1.0 ft.a.o.d.
36 ft. 6 in. Gravel

L ft. 0 in. Broken freestone
1l ft. O in. Gravel

10 ft., O in+ Hard grey shale

Pier 10

Ground surface 19,8 ft. a.o0.d.
10. ft. 6 in. Clay

3 ft. 6 in. Freestone

9 ft. 0 in. Hard shale

5 ft. O in. Freestone

3. ft. O in.+ Eard shale

Pier 12

Ground surface 80.8 ft. a.o.d.

6 ft. O in. Clay

14 ft, O in. Shale and fireclay

3 ft. 4 in, Freestone

15 ft. O in.+ Freestone and shale
in layers

the Sleights road bridge

North Pier

Ground surface 23,0 ft, a.o0.d,
10 ft. 3 in. Sand and clay

L ft. 9 in. Gravel

? ft. 6 in. Soft shale

8 ft. 6 in. Leafy shale

19 ft. O in. Grit shale
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South pier South abutment

Ground surface 27.0 ft.a.o.d Ground surface 30,6 ft. a.o0.d
9 ft. 9 in, Clay 12 ft. 6 in. Clay

L ft. O in. Rough gravel 2 ft. 9 in. Rough gravel

8 ft. O in. Soft shale 10 ft. O in. Soft shale

14 ft. 9 in. Hard shale 14 ft., O in. Lard shale

13 ft, O in. Grit shale 10 ft. O in. Grit sghale

Records of two borings and excavations through drift have
been given in Geological Survey Memoirs,Fox-Strangways, Reid

(1885) state that a boring was put down at Danby

and Barrow
Brick and Tile Works - about i mile west of Duck Bridge - to
a depth of about 60 ft, in laminated clay without reaching the
Lias. The grid reference of the Works is about 507800 mN and
471500 mE. The present general ground level is about 425 ft.
8.0.D. at the Works and the present bank level of the Esk is
392 ft. The pre-Glacial valley floor level is thus below about
365 ft.

At Glaisdale Iron Works the depth to bedrock was about
53 ft. and the present ground level before excavation was
between 250 and 300 ft., a.0.D, with the average about 260 ft.
so that the pre-=Glacial rock floor level can be taken as about
207 ft. a.0.D. The grid reference of the centre of the Works
is about 505650 mN and 478000 mE.

At Grosmont Iron Works the depth to bedrock was about 45 ft.

and the present ground level beforeexcavation was between 90

and 100 ft. a.0.D. Calculated from mean ground level, the pre-
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Glacial rock floor level is about 50 ft. a.0.D. The grid

reference of the centre of the Works is about 505400 mN and
482600 nE.
(1915)

Fox-~Strangways and Barrow record in detail the

log of a boring put down at Raven Hill, about % mile south/

south-east of Sandsend. After passing through 84 ft. of
Glacial clays and sand with transported shale and limestone
and finally 3 ft. of decomposed shale (?), the intact Lias
is met. The present ground level is about 175 ft., a.D.D.
and the level of the pre~Glacial rock surface is thus about
91 ft. a.0.D. The grid reference of Raven Hill Reservoir is
about 512150 mN and 486450 mE.

(1940)

Hemingway records a well just over % mile west of
Whitby West Cliff Station at about 511200 mN and 488450 mE
which encountered solid rock at 155 ft. a.0.D.and also a
boring just east of West Cliff Station at about 511150 mN,
and 489150 mE. which met solid at 55 ft. a.0.D.

Imperial Chemical Industries Ltd.,Wilton Works, kindly
supplied the logs of nine boreholes in the Esk catchment

but only three of these are located conveniently for the

rresent investigation. The relevant data as are follows.
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506480 mN 511790 mN

485930 mE 488000 mE

1% miles south/south~west of Whitby Golf Links by Upgang
Sleights Beck

Ground level 216 ft. 2.0.D. Ground level 70 ft. a.0.D.approx
appr ox 0 to 120 ft. Drift

0 to 45 ft. Drift 120 ft. to 128 ft. Dogger

’.}5 ft, + Lias
Rock floor 171 ft. a.0.D.
approx

128 ft. + Lias
Rock floor - 50 ft. b.0,D, approx.

E9

505300 nmN

483700 mE

¥% mile east of Grosmont
Ground level 497 ft, a .0.D.
0 to 10 ft. Drift

10 ft. + Estuarins Series
Rock floor 487 ft. a.0.D.

British Petroleum Ltd. in association with Seismograph
Service (England) Ltd. kindly supplied the logs of thirty-nine
boreholes put down as shot~holes for a seismic survey. The
writer has examined all of these very carefully but unfortunately
not one can be usefully employed in the present work either
because the boreholes are inconveniently situated or because
the details are insufficiently complete. This is not, of
course, a criticism of the borehole programme since it was
intended primarily for seismic work and the writeris very
appreciative of the ready co-operation of both companies.

Finally,mention must be made in this section of various
s0lid rock exposures. The o0ld quarry in the Estuarine Series,

centred at 511390 mN. and 488570 mE. about % mile north-west

of West Cliff Station, has been filled and is now beneath a




housing estate but the solid rock level at this point is
about 175 ft. a.0.D. Estuarine sandstone is visible in the
cliff face beneath Boulder Clay at lector Nab, which is
slightly west of due north from West Cliff Station; it also
outcrops in the beach below the Nab.

There is an Estuarine outcrop at the surface centred at
511170 mN and 483720 mE at the village of Dunsley and here
the average surface level is about 350 ft. a.0.D. Another
outcrop of the same series occurs at Lythe Bank and is centred
at about 513200 mN and 485400 mE and the levels range roughly
between 250 ft. and 350 ft. a.0.D. The top of the outcrop
and cliffs on the west side of Whitby Harbour along the line
of Esk Cross Section 6 appears to be about 100 ft., a.0.D., On
the east side of the Harbour, solid rock is obviously at
no great depth below ground surface and for the purpose of
constructing Esk Cross Section 6 it is assumed to be at a
uniform depth of about 10 ft.

(1940) records exposures in several streams

Hemingway
in the vicinity of Ruswarp. The present writer has examined
these, witﬂ the exception of the one in Upgang Beck which
could not be found, The exposuree in Turnerdale Slack and

the unnamed stream just north of it are all at, or no more

than a few feet above, stream bed level, The exposures in
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Shawn Riggs Beck extend from about 10 ft. above stream bed
upstream to about 20 ft. above stream bed near the confluence
with the Esk.

On the northern side of the main valley at Lealholm is
an unnamed % mile long stream which flows southwards, passing
just east of the railway station, and joins the Esk immediately
on the upstream side of Lealholm Bridge. There are some

exposures of the Lower Estuarine in the stream bed but the

form of the side of the main pre-Glacial valley must‘be judged
from the changes in slope of the tributary valley sides and
a few doubtful exposures. It seems that the pre-Glacial
surface mas between 20 and 30 ft. above the present bed of
the stream. The writer examined parts of Low Wood Beck on the
southern side of the main valley at Lealholm but no exposures
were found - except beyond the upper limit of Bgulder Clay as
shown on the Geological Maps of the district - and evidence
points to the fact that bed rock must be at least several
feet below the stream and the immediate valley sides.

Rock floor 1e§els taken from borings and outcrops are
plotted on the longitudinal section of the Esk (Fig.23) and
on the Esk Cross Sections 1 to 6 (Figs. 32, 33 and 34). An

arrowhead on a horizontal line implies that rock floor occurs
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at the level of the line and an arrowhead breaking through a
line implies that rock floor occurs at some unknown level
below that represented by the line. Since the locations of
borings and outcrops rarely occur on the lines of the various

sections, it has been necessary to project the positions

normally onto the cross-sections and the fact that these
represent levels either upstream or downstream of the sections
has been taken into account in reconstructing pre-~Glacial

profiles.




CHAPTER IV

Characteristics of the Eskdale Drainage System

This chapter is concerned primarily with the observed
characteristics of the Eskdale drainage system but it is desir-
able to discuss initially some of the general principles of
river development. The three factors to be considered are
base-level, graded streams and meanders. In the survey and
discussion of the characteristics of the Eskdale drainage
system which follows, the tributaries are dealt with first,
commencing with those on the south side of the catchment from
Rigg Mill Beck in the east to Baysdale Beck in the west and
then the two major tributaries on the north side of the
catchment -~ Sleddale Beck and Stonegate Beck; The main river
from Castleton to Whitby is treated last.

Base~level

Before an equation describing the longitudinal section
of a stream-bed or valley-floor can be established it is
necessary to define the positions on the surface of the Earth
of a vertical axis - representing the origin of distances
measured along the river or valley = and a surface perpendicu-

lar to it. If a river or valley is relatively short the surface




)
s

can be treated as a horizontal plane but when it is relatively
long the surface is more correctly a level surface conforming
to the appropriate geodetic spheroid or, to be strictly true,
conforming to the geoid. The vertical axis and the surface
are represented, of course, on paper by two perpendicular
axes. The surface is commonly called the base-~level - a term
originally proposed by J.W, Powell in 1875 and discussed at
lengtlk by W.M. Davis in 1902 and by C.A. Malott in 1928. A

(1929) probably the last written on

paper by D. Johnson
this toplc and in it he examined five possible surfaces of
reference related tothe ideal fluvial cycle.

It is clear that there are only two types of base-level =
major base-levels at or near mean sea-level and minor base-
levels established by lakes, resistant beds of rock and similar
features. The major base-level can be regarded as being more
permanent than the minor base-level. Thé wiiter prefers to
use the term local control to define a minor base-level and
to reserve the term base-level for the major reference surface.
In any case, the major base~level is not stric$ly permanent
and when defining a particular graded river, or part of a river,
it is desirable to refer to the prevailing bdass-level = that

is, the reference surface prevailing at the time of the grading

of the river.




It will be realized that the definition of base-level as
being at or near mean sea-level is a loose one - obviously
the reference surface could be located anywhere between the
devel of the inshore sea~bed and the maximum flood level in the
estuary. A more precise definition depends on the concept of
a graded stream but this also is not yet clearly defined. The
error involved in Great Britain by assuming that it is mean
sea=level is not likely to exceed Z 20 ft. in the elevation of
the surface of reference for current fluvial erosion cycles.
A more precise definition must be left in abeyance wntil the
fluvial hydraulics of the problem are better known. One poknt
must be clearly understood in connection with the base-level
of any particular river and it is that such changes in the
position of the reference surface as one is able to determine
represent relative changes between sea-level and grounde-level
expressed in terms of emergence or submergence,
The amount of uplift or depression of the land surface or rise
or fall in sea=level is more difficult to assess,

Graded Streams

The concept of a graded stream has been discussed at

(1948)

length by Mackin who defined it in the folloiglng way:

A graded stream is one in which, over a period of years,

glope 1s delicately adjusted to provide, with available dlscharge




and with prevailing channel characteritics, just the velocity
required for transportation of the load supplied from the
drainage basin. The graded stream is a system in equilibrium;
ite diagnostic characteristic is that any change in any of the
controlling factors will cause a displacement of the equili-
brium in a direction that will tend to absorb the effect of
the change".

The longitudinal section of a graded stream is referred
to as the profile of equilibrium. In its simplest form this
curve appears continuous and concave upwards. However, a more
correct representation ls probably a series of straight, or
nearly straight, chords extending between the confluences of
the tributaries. Sometimes a tributary influences the
equilibrium conditions such that a cusp is formed with the

(1948) cltes the

gradient increasing downstream and Mackin
case of fhe Missouri which, in 1931, had an average gradient

of 0.74 ft./mile over a distance of 31 miles above the
confluence with the Platte River and an average gradient of

1.24 ft/mile over a distance of 44 miles below that point =

this is ascribed to the influx of gravel from the Platte River,
which has a gradient of 3.2 ft/milg in its lower reaches. Apart

from cusps formed in this way, the marked breaks in the curve =

known as nickpoints - lead to an interrupted profile and these




e

may be due, of course, either to local controls or to cycle
changes brought about by diastrophic or eustatic changes in
base=-level.

It is not intended in this thesis that a mathematical
curve should represent the longitudinal profile of a river,
or part of a river, exactly but instead it is a mean curve of
simple form which eliminates the irregularities in the profile
and enables an estimate of base~level to be made. Furthermore,
since it is not easy to determine whether or not a particular
profile is an equilibrium profile - more particularly when a
pre~Glacial channel is considered - it might be preferable to
refer to it as a mature profile, although the term equilibrium
profile is employed here.

To date,the line or surface which is taken to represent the
profile of equilibrium does not appear to have been defined.
It could be, for example, the stream-bed, the flood plain, the
dry-weather water surface or the maximum flood water surface.
From the standpoint of fluvial hydraulics it is likely that
a water surface is the most correct, since it defines the
hydraulic grade line at which the static head is zero. The
proBem is to select a suitable river stage for this surface.
It is reasonable to assume that the stage should conform to

(1947)

the dominant discharge which Inglis defines as the




discharge at which equilibrium of sediment transport is most
closely approached. Evidence indicates that the dominant
discharge stage is normally a little higher than bank-full
stage and the discharge is then roughly 50 to 60 per cent of
the maximum flood. It follows therefore that a reasonable.
surface to define the equilibrium profile of the river is

that of the flood plain adjacent to the river bank and this
should be sufficiently close to the dominant discharge surface.
Thus the longitudinal section to be plotted is the talweg or
valley-way and not the stream bed. This appears rational when
viewéd: from the geomorphological aspect, since the important
features to delineate are those of land-surface morphology =
the stream is merely the agent by which these features are
formed.

The profiles presented in this chapter are based on the
concepts discussed above and, excluding errors in levelling,
the position of the equilibrium profile of the present Esk is
unlikely to be more than +10 ft or « 5 ft, from the true
equilibrium profile, if such a thing exists. On the tributaries
such discrepancies should be no more than two to five feet. 1In
preparing the profiles, horizontal distances have been measured
along the mean course of each stream and not along the sinuous

course, This conforms to the idea of plotting the talweg
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instead of the stream-bed. The positions of certain beds, such

as the Dogger, have been taken from 6 inch to 1 mile geological

maps and plotted on the profiles but, no doubt, some slight
misplacements occur leading to apparent anomalies between
controlling formations and the profiles.

Meanders
In common with other aspects of fluvial hydraulics, the

raison dl'ette ofmeanders is imperfectly known. Matthes (1941)

has set out as follows, in order of apparent importance, the

five fundamental factors controlling meanders:

1. General valley=-slope (talweg). This ik the general slope
of the land-surface traversed by the stream measured along
the axis of the valley as defined by the general course
of the river. The profiles presented in this chapter
conform to this.

2. Bed-load. Composition and quantity-rate of movement.

3. Discharge (a) average yearly discharge

(b) duration of low, medium and high stages.

4, Bed-resistance. Controlled by the characteristics of the
materials composing the alluvium, in particular grain-
size, specific gravity, cohesion and the composite
roughness of the channel surface,

5¢ Transverse oscillation. The change in slope of the water-

surface at right-angles to the axis of flow - a phenomenon L




sinulated by the appearance of superelevation at bends on
a highway. It is influenced by shoals, obstructions to
flow and wind.

Matthes states that sediment in suspension does not appear
to be a basic factor in meander development. Friedkin (1945)
carried out extensive laboratory experiments on meandering and

Ingris (1947

has put forward his views based on a lifetime of
experiment and field observation. Although agreement has been
reached on much of this work, there are still a number of con-
troversial points but there is no need to prolong this discus=-
sion since in this study of Eskdale the factors can be considered
only in a general way. More comprehensive investigations are
worthy of an independent study. Inglis considers that the
primary cause of meandering is fluctuations in the discharge

and sedimentwcharge of streams. However, it is clear that meanders
can develop only where sufficient energy is available for the
stream to follow a tortuous course instead of a direct one and
hence meanders are found where the valley is steeper than is
required by the stream, The delicacy of equilibrium conditions
in a stream is illustrated by an estimate made by Rubey (1933)

in which frictional losses are assessed as 96 to 97.5 per cent

of the total energy in some debris-carrying streams and the
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remaining energy is utilized for transportation. Thus relatively
slight changes in channel characteristics can cause marked

chagges in transportation power which must inevitably be reflected
in such features as meanders. In this thesis the meanders in the
Eskdale drainage system are noted and an endeavour is made to ex-
plain their presence. Unfortunately, significant changes in
slope may not be apparent over short lengths of stream since

most of the longitudinal sections aré¢ plotted from the Six

Inches to One Mile Ordnance Survey Maps on which the vertical
interval of the contours is 25 ft.

Coclk Mill or Rigg Mill Beck (Fig,16).

Cock Mill or Rigg Mill Beck rises as Soulsgrave Slack at
about 680 ft. in the Upper Estuarine Series. The first half-
mile is a straight artificial ditch and in this length it
descends rapidly over the Moor Grit and Grey Limestone Series
and enters the Boulder Clay. For the first quarter-mile in
the Boulder Clay the valley is relatively wide and flat with
the moorland sloping gently down to it but beyond this the
stream begins to cut into the clay and is soon 20 to 40 ft.
below‘the level of the moorland at the valley sides. The
V-shaped valley is about 100 ft. wideet the top and the sides
are steep., In this steep sided valley are two short lengths of

elementary meanders. Although the first batch of meanders

*
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may be due partly to excessive gradient, it seems likely that
particle size may be an influential factor since coarser
material of cobble and small boulder dimensions is found just
downstream. This rounded material may have its origin in the
Upper Estuarine Beds or may be derived from the Boulder Clay.

At a point roughly one mile from the source of Rigg Mill
Beck, the stream known as Long Rigg Beck rises toeastwards in
close proximity and flows parallel to the former at a separation
of 100 to 300 yards. Both streams enter steep sided gorges at
a point about two miles from the source of Rigg MillBeck. A
rapld survey revealed no distinct solid exposures in the gorge
of Long Rigg Beck, although there are large boulders in the
bed, but in the gorge of Rigg Mill Beck there are precipi£ous
cliffs of Lower Estuarine Series with boulders in the bed up
to one cubic yard or more in size. These particular exposures
are not mapped on the "one-inch" drift sheet. The confluence
of the two streams is at the same level although both descend
in low waterfalls and rapids through the gorges.

The augmented Rigg Mill Beck continues to flow in a gorge
and cliffs in the Lower Estuarine Series are seen on the west
side. At a point about 2% miles from the source of ~ Rigg

Mill Beck is a natural 20 ft. waterfall at Rigg Mill. The deep




gorge continues for a further quarter-mile but beyond this point
the stream flows in Boulder Clay, the valley opens out, the valley
sides are convex and at a few points the flooris flat and nearly
100 ft. wide. At a point nearly four miles from the source

there is another 20 ft. waterfall, over the Moor Grit, and

the stream then flows for another half-mile in a gorge in the
Upper and Lower Estuarine Series, brought down by the Whitby
Fault, before entering the Esk.

East of a point about 1) miles downstream of the source of
Rigg Mill Beck, another stream known as Stainsacre Beck rises
and eventually flows parallel with, and 100 to 200 yards from,
Rigg Mill Beck, which it joins in the gorge below Cock Mill,

The origin of the twin parallel streams of Cleveland is dis=
cussed in detail in Chapter V.

Iburndale Beck or lLittle Beck (Fig.l7)

Iburndale Beck or Little Beck and the Murk Esk are the
only tributaries of the Esk which extend appreciable distances
onto the moorland table; the remainder extend very little
beyond the dales in which they are situated. Iittle Beck
has three main tributaries; Blea Hill Beck, May Beck and
Parsley Beck. Blea Hill Beck rises at about 820 ft. in gently
rolling moorland in the Upper Estuarine Series but within about

a half-mile it cuts deeply into the moor with steep valley sides
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as high as 30 ft. In the next half-mile or so there is evidence
of former meanders in terraces about 5 ft, above the present
bed but the stream now follows a straighter course, cutting
some of the spurs. In the next half-mile to the 20 ft. water-
fall over the Moor Grit there is evidence of active lateral
erosion in the steep valley sides. Obviously the local control
has been lowered comparatively recently and, since the beds

dip obliquely upstrean, r;cession of the waterfall is indicated.
The effective dip is of the order 100 ft. in 2 miles and for

a reduction in control level of 5 ft. a retreat of about 100 ft.
would be necessary. However, careful levelling of the older
meander terraces is requiredbefore the earlier profile can

be constructed and it is possible that additional evidence
could be obtained by detailed studies of May Buck. If the
waterfall is to be replacedat the confluence of Blea Hill

Beck and May Beck then the reduction in level must be about

25 ft. but, of course, the gradient of the earlier stream
would then be very much flatter at this sction.
May Beck rises at about 740 ft. just above the outcrop of
the Moor Grit and for a distance of rather more than a half=
mile it practically follows the strike and cascades over the

Moor Grit, the Grey Limestone Series and the topmost beds of
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the Lower Estuarine Series. At several places an earlier
channel = now moss filled - can be seen a few yards from, paral-
lel to and about 5 ft. above the present channel. Although
Blea Hill Beck is the major tributary, the combined stream
below the confluence is known as May Beck as far as the
confluence with Parsley Beck, which is about one mile downw
stream. In this length the stream cuts deeper and the valley
becomes more gorge-like. About a quarter-mile above the con-
fluence with Parsley Beck is the waterfall over the Dogger
known as Falling Foss which is about 40 ft. Below this the
stream flows in a gorge cut in the less resistant Upper Lias.
Parsley Beck rises at about 880 ft. in flat to gently
undulating moorland in the Upper Estuarine Series but after
about a half-mile it descends rapidly over the Moor Grit =
the beds dipping downstream at an effective gradient less
than that of the stream. Just over a mile from the source is
an earlier higher channel - apparently anarcuate bypass about
100 yards long. It is regular and well formed but the bottom
is now moss filled. The upper end is about 20 ft. above the
present stream but the lower end steadlly declines to it
The drift map shows the margin of the Boulder Clay at this
point and it seems likely that the pre-Glacial channel was

blocked and the bypass was cut ian the Boulder Clay but shortly
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afterwards the pre-Glacial channel was re-opened. Beyond
this point the valley of Parsley Beck opens out with a
relatively flat floor, although the stream now flows on a
bed of boulders under a steep bank on the south side. The
trace of an earlier straight channel about 10 ft. above the
present one can be seen on the north side of the floor and
there is evidence of former meanders in the centre. The
stream then enters a small artificlial lake impounded by a
dam. Below this Parsley Beck drops over a waterfall formed
by the Dogger and enters a deep, steep-sided gorge cut in
the Upper Lias.

The confluence of Parsley Beck and May Beck = which
forms Iittle Beck - is in a heavily wooded, deep, steep~-
sided gorge and the streams meet at the same level. The
gorge, with precipitous cliffs of shale, continues to just
above the hamlet of Little Beck. Downstream of this point
the valley becomes broader and the sides are less steep
but there are slips in the Boulder Clay, indicated by
hummocky ground. The stream is cut principally in Boulder
Clay, with occasional exposures of Lias, and for the last
1% miles to the confluence with the Esk there are more or less
continuous flats of alluvium. Active lateral erosion is

apparent intermittently from a point about one mile from the
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Esk but the relatively steep valley sides persist almost to
the end.

The Murk Esk and Tributaries (Fig.l1l8)

The principal tributaries of the Murk Esk are Eller Beck,
Wheeldale Beck -« which divides into Blawath Beck and Rutmoor
Beck -~ and Wheeldale Gill. The source of Eller Beck is at
830 f£t. on the edge of the Kellaways Rock in gently undulating
moorland. In the first 1) miles the stream follows a regular
course in a shallow valley, descending into the Upper Estuarine
Series. Then for about a half-mile there are meanders, lateral
cutting is in evidence and in some places there are comparatively
deep and still pools, The local control leading to these
conditions is effected by the Moor Grit, at the outcrop of
which there is a waterfall. In the following three-quarter=
mile to the head of Newton Dale the course is again regular and
is entirely in the Moor Grit and Grey Limestone Series, flowing
westwards practically along the strike. The immediate valley
sides are much steeper in this length. Flowing northwards for
a further three-quarter-mile in the head of the glacial over=-
flow channel the course is relatively straight and the strean
does not cut more than 5 ft. below the present valley floor,
which is composed of alluvium (?) and peat, just exposing

the Lower Estuarine Series in places. For the next 1% miles
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the valley opens out and there are elementary meanders in the
course. In this length is Boulder Clay and some alluvium. The
local control leading to the formation of meanders is at the head
of the gorge at Goathland where there are waterfalls and weirs -
it is likely that the waterfall known as Mill Force, which
appears to have served as a weir, afforded the original local
control. It will be seen from Fig. 18 that the gradient in

the glacial overflow channel is slightly greater than that in
the length of meanders. Since the banks in the overflow
channel are principally of easily eroded material it is reason~
able to assume that meandering might be in evidence but in

fact it is absent. The reason must be that the stream is still
cutting into the Lower Estuarine Series in the floor. This
exampe indicates the subtlety of the meander processes. The
gradient in the overflow channel is, however, less than that

in the meandering length above the Moor Grit one mile upstream.
Where a stream flows alongside a road or railway, as it does

in the overflow channel, consideration must be given to possible
artificial training but there.is no evidence of this in Eller
Beck. The 1% mile gorge below Goathland is cut principally

in the Lower Estuarine Series and at the lower end the stream

Jjoins West Beck to form the Murk Esk. There are waterfalls and
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rapids in this length and the waterfall known as Thomason
Force is over the Eller Beck Bed. The reason for the forma-
tion of Eller Beck and West Beck gorges is, of course, the
blocking of the pre-Glacial channel or channels with Boulder
Clay.

The source of Blawath Beck ;s at about 770 ft. and for
nearly two miles it flows in the gently undulating moorland in
the Upper Estuarine Series., In the first 1% miles it flows
parallel to the outcrop of the Cornbrash and about 100 yards
from it. After passing over the Moor Grit escarpment it falls
rapidly to meet Rutmoor Beck in the Lower Estuarine Series in
less than a quarter-mile. Just above the Moor Grit are two
short lengths of elementary meanders. ,

The source of Rutmoor Beck is at 880 ft. aéd almost
connects with one of the tributaries of Wheeldale Gill flowing
in the opposite direction. In the distance of nearly 4 miles
to the confluence with Blawath Beck it flows entirely in the
Upper Estuarine Series and the terrain is mostly gently undulat-
ing moorland. Generally the course is fairly régular but for
about/ﬁalf-mile beneath Trigger Castle - an outlier capped with
Kellaways Rock 200 ft. above the valley bottom - there are
elementary meanders. The immediate valley sides are steep and

a number of stream-cut c¢liffs are visible. On the hillside




below Trigger Castle hummocky ground provides evidence of
extensive slips which are now well covered with vegetation.
It seems that some of the elementary meanders which occur
at this point may have been enforced by rock falls from the
cliffs, though if insufficient energy is available to main-
tain these conditions the stream must eventually straighten
its course. Simlilar conditions obtain in the upper part of
Sleddale Beck.

In the 1% mile stretch from Trigger Castle to the con=-
fluence with Blawath Beck can be seen portions of terraces from
5 to 10 ft, ébove the present stream and in these several
moss filled meander loops mark an earlier caurse. The
passage over the Moor Grit and Grey Limestone is by a series
of low waterfalls, never more than 2 ft. high and commonly
just a few inches and nearer the confluence are large blocks
of sandstone up to one cublic yard or more in size. At this
point Rutmoor Beck flows almost along the strike whereas
Blawath Beck flows up dip over the Moor Grit and the descent
is rapid. The sandstone blocks in Rutmoor Beck are the
remains of the Moor Grit which fell from the valley sides as
the waterfalls gradually receded to their present position.
Althoughjéteepjggmediate valley sides are not markedly ao.
It will be observed that conditions at this confluence are very

similar to those at the confluence of Blea Hill Beck and May




Beck, the tributaries of Litte Beck discussed earlier. In both
cases one receives the impression that the break down of the
local control has been rapid when the waterfalls receded beyond
the confluences. The meanders below Trigger Castle may, of
course, be related to the terraces observed downstream but

the extent to which both can be related to a former local
control is not obvious. Here also more accurate data is
required to enable conclusions to be drawn. It may be that

the meanders at Trigger Castle are very temporary and have been
enforced by rock falls, as mentioned above,

Wheeldale Beck consists of a one mile length of stream
between the confluence of Blawath and Rutmoor Becks and its
junction with Wheeldale Gill. The stream flows in a relatively
troad valley with a relatively flat floor and a few elementary
meanders.,

The principal tributary of Wheeldale Gill is Bluewath

Beck, which riees at 1,240 ft. in the Lower Estuarine Series
in gently undulating moorland. It flows down dip along the
main anticlinal axis. The gradient of the stream in the

first 3 miles is fairly uniform and averages 130 ft. per mile.
The dip of the beds near the source averages about 90 ft. per
mile but 22 miles from the source it is about 150 ft. per
mile. Consequently the Grey Limestone Series dip Jjust below

the stream between 2 and 2)% miles from the source and the




course is entirely in these beds for a half-mile whilst the
Moor Grit is just severed. From a point about 3 miles fronm
the source the stream gradient gradually increases to an
average maximum of about 160 ft. per mile and the stream desw
cends into the Lower Estuarine Series but the gradient and the
dip are s0 nearly equal that the Eller Beck Bed is just pene-
trated for a distance of about one mile to form a very elon-
gated inlier. At this point the stream ﬁaa cut well below the
moorland surface, the immediate valley sides are very steep
with trees in the bottom and the stream is truly a gill. The
tributary known as Wheeldale Gill rises at about 1,020 ft to
the north and joins Bluewath Beck at about 2} miles from the
source of the latter but this can hardly be regarded as the
main headwaters of the united stream known as Wheeldale Gill.
In a three-quarter mile length above the confluence with
Wheeldale Beck the valley opens out and the stream gradient
becomes slacker.

Wheeldale Beck and Wheeldale Gill unite to form West Beck
which soon enters a gorge cut entirely in the Lower Estuarine
Series except for a short length in the Upper Lias before the
confluence with Eller Beck. Two noted waterfalls occur in
West Beck = Nelly Ayre Force, formed by the Eller Beck Bed,
and Mallyan Spout. Another waterfall occurs downstream over

the Dogger.
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At the confluence of Eller Beck and West Beck at Beckhole
the united streams constitute the Murk Esk. Beyond this point
the valley opens out although the sides are steep. In the 2k
mile length from Beckhole tothe confluence with the Esk at
Grosmont, the lower parts of the valley sides consist princi-
pally of Upper Lias but above thisare Glacial\SAnds and Gravels
on the west side and Boulder Clay on the east. In the
valley bottom is alluvium in varying widths up to a mamimum
of nearly a quarter-mile and remnants of terraces can be seen.
The Murk Esk enters a half-mile long gorge at Grosmont which
terminates immediately above the confluence with the Esk.
This gorge is due to blocking of the pre-=Glacial channel
with Boulder Clay.

Butter Beck (Fig.l9)

Butter Beck is the 3% miles long stream which flows in
the dale known as Egton Grange. The two main tributaries
Birchwath Slack and Birchwath Gill rise at 1,010 ft. in the
Grey Limstone Series and 980 ft. in the Lower Estuarine Series
respectively. Within about a half-mile from their sources they
leave the moor~top and are deeply incised in the Lower Egtuarines.
The passages over the Eller Beck Bed exhibit no marked features.
The two tributaries are 1%k miles and 1% miles long respectively

at thelr confluence, which is located in Boulder Clay. The
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head of the dale is relatively wide and open but Butter Beck
cuts progressively deeper and enters a three-quarter mile long
gorge initially in Boulder Clay and then in the Upper lias.
Below the gorge the valley opens out in the three-quarter mile
length, mainly in Boulder Clay, to the confluence with the Esk.
There is evidence of slips in the form of rough ground along
this lower length.

Glaisdale Beck (Fig.20)

Apart from the headwaters, which rise at 1,080 ft.,
Glaisdale Beck receives two main tributaries, Winter Gill,
which rises at 1,050 ft.,and Hardhill Beck, which rises at
1,250 ft. Wintergill Jjust reaches onto the Grey Limestone
Series on the moor top but within about one mile it has des=-
cended through the Lower Estuarines into the Upper Lias and
the valley is sharply incised in the landscape. A waterfall
of about 4 ft. occurs at the passage over the Eller Beck Bed.,
The headwaters of Glaisdale Beck extend a short distance onto
the Lower Estuarine Series on the moor top but within a
quarter~mile the stream descends into a sharply incised valley,
in the Upper Iias. Any waterfalls created by the Eller Beck
and the Dogger are obscured by large boulders, Hardhill Beck
rises on the moor top almost on the boundary between the Grey
Limestone Series and the Lower Estuarines and its characteris-

tics are similar to those of Winter Gill.

The passages of all three streams over the Upper Lias are J,;€;<?;
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short half-miles and their beds and that of Glaisdale Beck are
then cut wholly in Boulder Clay as far as the head of the

gorge where there is a 2 ft. waterfall. From the confluence
with HardhillBeck to within a half-mile above the gorge,
Glaiédale Beck $llows a meandering course but there is no sign
of a floodplain and little evidence of lateral erosion. The
gradient is slightly reduced before entering the gorge and this
no doubt contributes to the marked reduction in meandering in
the half-mile above the gorge. DBoulders up to about a half-
cubic~-yard occur in the bed in , and some distance above, this
length and this factor must also contribute. On both sides of
the stream is hummocky ground evolved partly by slips and
partly by minor lateral drainage. The stream appears to be
incised in the clay and because of these yarious characteristics
there is no doubt that the meanders deserve a close study. The
gorge through West Arnecliffe wWoods to the Esk is cut in the
Upper Lias and is about one mile long.

Great ¥ryup Beck (Fig.21)

Great Fryup Beck rises at 1,360 ft. in the Grey Limestone
geries on the moor top. It descends rapidly over the Lower
Estuarines and the Dogger into the Upper Lias in about a half-
mile. The Eller Beck Bed is absent. In another half-mile it
passes into the Middle Lias. On entering the head of the dale,

the main stream and other small headwater tributaries cut deeply

into the rocks and the main stream flows in a ravine, about ) o
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50 ft. deep, for nearly a half-mile in the Upper Lias. Then
follows a narrow three-quarter-mile alludal strip with a

few elementary meanders but the adjacent valley sides are
moderately steep to steep and low river cliffs expose shale

, although some of this may be slipped material. Slidney
Beck joins the main stream in this length and this tributary
rises at 1,150 ft. as a spring at the edge of the top of the
Dogger which caps the valley sides. The characteristics of
this stream are similar to those of the Fryup Beck headwaters.

The main stream leaves the alluvial strip mentioned above
and flows in Boulder Clay for about 1j miles and then follows
another three-quarter-mile strip of alluvium to the confluence
with the Esk. Meanders are quite well developed in a length
of about two miles above the confluence with the Esk - some
of these occur in alluvium and the remainder in Boulder Clay.
Active lateral erosion is seen accompanying the upstream meanders
but this becomes less as the confluence is appoached.

The meanders of Great Fryup Beck form an interesting
problem, like those of Glaisdale Beck. The pofile of the main
stream from just above the confluence with Slidney Beck to
the Esk is regular and the gradient declines steadily except

for a slight increase about a half-mile above the Esk. There
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are several straight stretches in the upper alluvial strip,
yvet meanders are practically continuous in the Boulder Clay
downstream. One may ask therefore how this alluvium has been
deposited and why meanders are coumparatively absent in it to-
day? The alluvium must be filling behind the dam of Boulder
Clay downstream but the gradient in it must be sufficiently
slack to preclude the formation of meanders. The presence
of Boulder Clay implies fine material in the stream and
inspection of the bed reveals that in the meandering zone
there is rather more fine material than upstream in the allu-
vium.

Little Fryup Beck (Fir~.21)

Little Fryup Beck is a rather characterless stream
which rises at 1,030 fte. in the Dogger Bed and tumbles down
through rough ground into the dale. For the greater part
of its length it is rarely more than 2 ft. wide and 2 ft.
deep and looks more like an artificial ditch than a natural
stream. Even at the confluence with the Esk its bed does
not exceed 4 ft. in width but it is incised to a depth of
about 10 ft.

Danby Beck (Fiz.22)

Danby Beck rises at about,1,315 ft., on the edge of the

Grey Limestone Series. 1In about a half-mile it descends
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through the Lower Estuarines, over the Dogger and into the
Upper Lias in a sharply incised course, then through the Middle
Iias into the Lower Lias. Meandering commences nearly two
miles from the source and this persists, though intermittently
in places, for about two miles. Most of this length of the
stream is in alluvium with flats up to about 100 yards wide.
The adjacent valley sides are moderately steep and are gorge-
like in several places where the immediate valley floor is
narrow. The floor of Danby Dale is a flat V in section, with
the stream slightly incised in the centre, whereas the Fryup
Dales and Glaisdale possess a U section. This characteristic
can be clearly seen from view-points high on the valley sides
at the head of the dale. In about the last mile to the Esk,
Danby Beck passe? over the Middle lLias, the Boulder Clay and
then into the alluvium of the main valley. It will be seen that
there is a batch of meanders upstream in alluvium and another
downstream in the Middle Lias onthe fringe of Boulder Clay.
The reduction in meandering in a downstream direction is
presumably due to the reduction in gradient bt the reason for
the re-appearance of meanders in the Middle Lias is obscure.
There appears to be little or no difference between the bed

material in this zone and that upstream although the presence
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of the Boulder Clay suggests a greater proportion of fine
material at this point.

The Esk Headwaters in Westerdale (Fig.23)

It will be observed that Westerdale has a more com=-
plex form than any of the other dales; this is discussed
in Chapter V. The tributary Tower or Whyett Beck in the
eastern limb of Westerdale rises at about 1,285 ft. in the
Lower Estuarines, deascendsa in an incised course through
the Upper lias and in a distance of % mile from the source
it reaches the valley floor in the Middle lLias. Downstreanm
of this point there are some elementary meanders, cliffs up
to about 20 ft. in shale - possibly slipped material -~ and
occasional valley flats up to about 60 ft. wide, although
no alluvium is shown on the geological map. From a point
about two miles from the source to the confluence with the
Upper Esk the meanders are better developed but there are
low cliffs in places and valley flats are of negligible
width, except near the confluence, where they are up to 50 ft.
wide.

The headwaters of the Esk are commonly regarded as
rising at the head of the western limb of Westerdale at about
1,235 ft. in the Lower Estuarines. Actually several

tributaries converge at the head of this limb, forming an
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elongated basin by centripetal drainage. The valley becomes
slightly narrower downstream for a distance of about a half-
mile but it opens out again just before the confluence with
White Gill. In this length the stream is incised in the valley
floor. The basin lies over the anticlinal axis where the strata
are almost horizontal and this accounts for the centripetal
drainage and the consequent valley morphology. From the
confluence with White Gill to near the confluence with Tower
Beck meanders occur intermittently. Some of the meanders

are well developed and oxbows can be seen - particularly good
waterlogged examples of the latter occur just upstream of
Westerdale village. River cliffs also occur, mostly.on the
east side of the stream. There is a small mill dam near The
Grange leading to a difference in water level of about 6 ft.
and, although this affects both water level and stream bed
for a distance of about a quarter-mile upstream, it does not
appear to influence the riparian topography. Alluvial flats
are most fully developed ig the vicinity of Westerdale
village and attain widths up to about 100 yards. The exit

of the Esk from this limb of Westerdale is through a narrow
defile with banks up to about 40 ft. high and with a flat
floor about 60 ft. wide. This defile must be due originally
to the lowering of the Dogger by the trough fault., After

Tower Beck joins the Esk, the course to the confluence with
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Baysdale Beck is through a relatively narrow but shallow
gorge in the Lower Estuarines. No meandering occurs here
but shoals and alluvial flats are in evidence.

White Gill and Clough Gill become incised after leaving
the moor top. Clough Gill produces a small inlier encircled
by the Dogger and there is a low waterfall where it passes
over this bed for the third time. ILike many other moorland
streams, Stockdale Beck is an insignificant watercourse on
the moor top and cannot readily be identified but, on des=-
cending from the Lower Estuarines into the Upper Lias, it
is deeply incised for about a half-mile before the valley
opens out into Westerdale. Stockdale Beck rises at about
1,400 ft. - thehighestaltitude of any of the sources in the
Eskdale system - although Black Hagg Beck in Baysdale rises
at 1,370 ft. and several other streams rise at well above
1,300 ft.

In view of the fact that the course of the Esk before
beheading probably followed the lower half of Baysdale Beck
(see "The Baysdale-Sleddale Fluvial Complex" in Chapter V),
it is debatable whether Baysdale or Westersale should be
regarded as comprising the headwaters of the Esk. However,
if the course of the Esk shown on the Ordnaﬁce maps is

followed from inside Westerdale to the estuary at Whitby, it
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will be found that it always has the greatest proportions at
the confluences with the other streams, thus substantiating
the assignment of the headwaters to Westerdale. It should
be remarked that the differences in stream proportions at the
confluences are sometimes only small and, as an example, the

Murk Esk and the Esk at the Grosmont confluence are very simi-

lar.

Baysdale Beck (Fig.23)

Baysdale Beck rises at 1,370 ft. in the Lower Estuarines.
The descent from the moor top through this Series is steady
and the valleys of the three tributaries (Black Hagg Beck,
Rowantree Gill and an unnamed stream) which converge to fprm
Grain Beck are relatively open. The passages over the Eller
Beck and Dogger Beds are not well marked, although the Dogger
forms a conspicuous scarp along the sides of the main valley.
seen from downstream, the Dogger closes in to pinch the stream
and one expects to see a waterfall at the outcrop in the
stream bed but, if this exists, it is obscured by the large
boulders formed in abundance by rock falls from the Dogger in
the valley sides. The stream then cuts deeply into the Upper
Iias, the immediate valley sides are steep and in a length
of about a half-mile it flows in a narrowly wooded gorge with

cliffs in the shales up to about 80 f£t., high. In spite of the
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steep banks there is a relatively flat valley floor averaging
20 to 30 ft. in width. This is an 1llustration of a stream
attaining a comparatively mature profile whilst the morphology
of the main valley is still young - a characteristic which
depends to a large extent on the relative ease with which
vertical excavation is effected by the stream. Slips are
visible in the valley sides in a length from about one mile
to a half-mile above the confluence with Black Beck. Some
elementary meanders are seen inthe lower one mile of Grain
Beck. Black Beck rises at 1,220 ft. in the Lower Estuarines
and its characteristics are similar to those of Grain Beck.
For a distance of about one mile below the confluence
of Grain Beck with Black Beck there are alluvial flats, meanders,
a few waterlogged oxbows, shoals and indications of lateral
erosion. The immediate valley sides are steep in places and
there are some river cliffs - mostly on the south side of the
stream. The reason for uni~-lateral erosion is discussed
below in connection with Sleddale Beck. There are second
passages over the Dogger and Eller Beck Beds thus enclosing
the Baysdale Inlier. Neither of these beds makes a conspicuous
topographical impression on the stream at this point but the

transition from the quiet waters flowing in shale to the
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noisy waters tumbling around boulders derived from the Dogger
and Lower Estuarines is very noticeable. The meanders mentioned
above cease a little more than a half-mile above the outcrop

of the Dogger but the profile indicates that there is a very
slight increase in gradient below the meanders. Therefore

the termination of the meanders must be due largely to the
increase in particle size of the bed and to the consequent
inavased resistance to flow. For nearly two miles after cross-
ing the Dogger the course of the stream is relatively straight,
the immediate valley sides range from moderately steep to
steep with c¢liffs -~ which are about 70 ft high at one point -
and the flat valley floor varies in width from about 20 to 100
ft. In the last half-mile to the confluence with the Esk the
valley opens out and there are wide alluvial flats and some
neanders.

Sleddale or Commondale Beck {(Fig.23.)

Two tributaries - each about one mile long - constitute
the headwaters of Sleddale Beck. One, known as Codhill
Slack, rises at about 765 ft. in peat overlying the Upper
Lias and the other, known as Sleddale Beck, rises at about
925 fte. on the edge of the Lower Estuarines. Most of the
course as far as Commondale lies in a thin strip of Upper

Lias but the valley does not show the same sharp scarp at the



contact between the Estuarines and the Lias as seen in many
other dales and the break in slope is marked in varying de-
grees of clarity. This may be due partly to the fact that
the resistant Dogger Bed appears to be absent in a consider-
able length of the valley. The width and depth of the valley
is not as great as in most other dales. '

Both tributaries are characterized by the presence of
straight or gently curved stretches and the absence of meanders
The shallow banks are cut in sandy~clay alluvium and the bed
is gravel. The gradients of the two tributaries are not as
steep as the upper reaches of other streams in the Esk catch-
ment. Below the confluence the course becomes slightly
tortuous although there are numerous comparatively straight
stretches and recent flooding has led to considerable deposits
of sand on the banks in many places. It appears that the
energy of the individual tributaries is insufficient to lead
to the development of incipient meanders but the energy of

the combined streams is just sufficient,

About a half-mile below the confluence intermittent
cliffs up to about 25 ft; high occur in the shales, invariably
on the south-west side of the stream, and extensive marshes
occur on the north-east side. These conditions obtain for

about one and a half miles to the head of the glacial overflow
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channel. The stream flows practically along the strike in
this length and the lateral cliff-cutting is up-dip. A few
earlier meander loops can be seen on the north-east side and
the stream .appears to be cutting laterally in a south-west
direction. Some of the few current meanders may have been
initiated by rock falls from the cliffs, in a manner similar
to those which occur in Rutmoor Beck below Trigger Castle.

The probable reason for uni-lateral up-dip erosion
which leads to cliffs on the south-west side of Sleddale Beck
and on the south side of Baysdale Beck is as follows. Where
rocks dip up away from the exposed face of a valley they are
structurally less stable than where they dip down away from
an exposed face., Whilst a stream is cutting vertically it is
also eroding laterally to a greater or lesser extent and in this
case, as indicated in Fig.24, the stream finds lateral erosion
easier on the up~-dip side where the cliffs fall more readily.
Consequently there is a progressive uni-lateral movement of
the stream accompanying vertical cutting. Lithology must play
a part in this phenomenon and a given dip may be insufficient
to lead to uni-lateral instability and erosion with one type
of rock, such as sandstone, whereas it may be sufficient with
another type, sudh as shale.

The true glacial overlow channel extends from the head

of Kildale to Commondale, although the glacial waters
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flowed further in the well-defined pre=-Glacial valley of
Whitely Beck/Commondale Beck to Castleton. The stream is
trained by short, straight lengths of wall at a few points
alongside the railway in the overflow channel but, even so,
the natural course is remarkably straight and regular, There
are a few elementary meanders in the second-half of this
length in which the gradient increases slightly. The low
banks of the stream are in alluvium. The passage over the
Dogger onto the Lower Estuarines occurs in this length but it
has no apparent effect on the stream. There is a low
artificial dam just above Commondale leading to a difference
in water-level of about 3 ft. and below it a recording weir
belonging to the Cleveland Water Company leading to a
difference in water-level of about one foot.

Below the confluence with Whiteley Beck at Commondale
there is an extensive strip of glacial sand and gravel
matly on the south-west side of the valley and the ground
surface isundulatipgand often rough. The tendency towards
meander formation increases steadlly from the confluence
downstream to the Esk. The gradient is practically the same
as that in the second-half of the glacial overflow channel
so that meander formation is probably due largely to the

increase in energy of the combined Whiteley and Sleddale Becks.
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The exit of Commondale Beck from the tributary valley
is through a short gorge in the Estuarines. This Series is
visible en masse on the north-east side of the valley and a
few exposures on the south-west side can be seen in the railwgy
cutting. The stream has been displaced by the deltaic sands
and gravels and the pre-Glacial course must have been about
200 yards south~west of the present course through the gorge.
This does not appear to have been noted in earlier studies of
the area. The deposit blocking the valley has the morphology

(1903)

of a terminal moraine but according to Kendall it is a
deltaic plateau and this must have been considerably eroded
to reduce the flat top to its present narrow width. The
available evidence does not, in fact, support any suggestion
that this feature is a moraine. Thus, for example, Boulder
Clay is absent on the adjacent moor tops where it could be

expected to occur if ice extended to this position.

Stonegate Beck (Fig.25)

Stongate Beck rises at 635 ft. at the summit of a galcial
overflow channel Jjust in the Kellaways Rock, although the
channel floor is covered with peat and glacial deposits. The
source is actually linked with that of one of the tributaries
of Roxby Beck which drains to the north of the divide. The
overflow channel is shallow at the source and the stream is
ditch-like. The characteristics of an overflow channel per=-

sist for about two mliles downstream of the sowce, with



Elevation in feet a.0.0.
H g :

{si2200mn

476840mE

Tranmire Slack

Moses Sike Slack

|

e

Green Houses Beci

Weir

“*""——Gorye e iy

o, Stonegare G/l

]
Niles from source

Fug 25

Stonegale Bec

—.1

1.

~=lIntermitten! meanders




134

occagsional lateral expansion revealing hummocky ground of Boulder
Clay on the flanks. At a distance of about 2% miles from the
source the stream crosses a fault with a downthrow of 100 to 200
ft. (see Chapter II) on the upstream side. The effect of this
is to bring up the Grey Limestone Series to near stream level
and Stonegate Beck then flows in a gorge in the Lower Estuarines
about one mile long. The fault does not appear to influence the
stream in any other way. There are two dams each about 5 ft.
high at the head of the gorge which once fed a mill now disused.
In the one mile length below the gorge to the confluence with
the Esk there are some elementary meanders and valley flats up
to 60 ft. wide. Theuhdulatingvhlley sides in this length are
largely covered with glacial gravels although the stream is
cut in Boulder Clay. The valley opens out juast before the
confluence with the Esk. Two tributaries rise at slightly
higher altitudes then the main stream = Hardale Beck at 680 ft.
and Moses Sike Slack at 685 ft.

The River Esk from the Baysdale Beck Confluence to the Estuary
at Whitby (Fig,23)

From the confluence with Baysdale Beck to the head of

Crunkly Gill the Esk flows in alluvium according to the

geological map but it flows also in varved clays in the neigh-
bourhood of Howlsike and probably elsewhere. Immediately after
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the confluence with Baysdale Beck the river is roughly 15 ft.
wide and 8 ft. deep from bank top to bed but these dimensions
incredase to about 20 ft. and 10 ft. respectively just below
the confluence with Sleddale Beck and these proportions are
maintained almost to Crunkly Gill where the depth decreases

to about 5 ft. There are meanders along the entire 5% hile
section,although some are rather attenuated; the best examples
lie between Ainthorpe Bridge and the head of Crunkly Gill.
Shoals occur at numerous places. Good alluvial flats extend
along the full length and the meanders swing from one side of
the belt to the other. Between Castleton and Danby the valley
appears to be narrow for a river of the proportions of the Esk
and this is due to the deposits of glacial sands and gravels,
more particularly at the lower end of Danby Dale. Slips occur
in the high banks on the outside of bends at Castleton, but
there is little evidence of erosion at btends elsewhere.

Beyond the alluvial belt, rough ~ ground can be seen in sonme
places -for example, between Littl Fryup Beck and Great Fryup
Beck = and is due to minor slips in the Boulder Clay and to
minor lateral drainage. A few hummocks in the alluvial belt
represent meander cores. All the major and minor tributaries
Join the main river on the outside of bends., There is a weir

Juat above Castleton Bridge and another just above Ainthorpe
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Bridge; both of these raise the water level by about 5 ft. but
the effect on the valley profile cannot be discerned.

In this section between Castleton and Crunkly Gillthe
width of the meander belt defined by the meanders and also by
the alluvial deposits varies between 300 and 1,200 ft. and is
most commonly 60Q to. 900 ft. The river averages about 50 ft.
between the bank tops and hence the meander belt width Mb
varies between 6W and 24 W, being most commonly 12 W to 18 W,
where W is the stream width. The msander length Ml is generally
slightly more than Mb' From data given by Inglis (1947) it
appears that in flood plains Mb is of the order 3 “l and,
although particle size and other factors must influence these
ratios, these figures indicate that the meanders are not those
of a late mature river and this is confirmed by the irregulari-
tdies in the meander pattern. Nevertheless, MS lies between the
limits of 10 W and 20 W which are commnnly associated with early
maturity. However, the age of a river or part of a river is
only relative and early maturity has been reached in this part
of the Esk only through the changes wrought by the Glaciation.
Hence it is reasonable to assume that in this section the pre=-
Glacial river was unlikely to have attained conditions consistent
with more than late youth.

Crunkly Gill is about % mile long and is excavated in the



Lower Estuarines. At the bottom end of the gorge are shoals
of coarse material. There are some meanders in the section
from Lealholm to the head of the Glaisdale Gorge but there is
also one wactically straight half-mile stretch. There is a
little shoaling and some lateral erosion. The immediate

valley sides are moderately steep to steep, and are principally
of Bouldler Clay, with some sands and gravels on the north
side. In the valley bottom there are alluvial flats up to

200 yards wide. On the north side of the valley between
Stonegate Beck and Glaisdale Gorge is a terrace about 20 ft.
above the present valley floor., Glaisdale Gorge is about a
guarter-mile long and is deep but relatively open. It is cut
in the Lower Estuarines on the south side and mainly in Boulder
Clay on the north. A half-mile long spread of alluvium brings
the river to the head of East Arnecliffe Gorge which is about
% mile long and is cut in the Upper Lias. Rapids and low
waterfalls can be seen in the bed and at the lower end of the
gorge are shoals of coarse material. In the eastern half of
East Arnecliffe Wood is a high~level overflow channel =
belkved by the writer to be hitherto unrecorded. It follows
the directional trend of the present Esk in the upper half of
the gorge and is about 150 ft. above the present bed but

descends very steeply to the alluvial flats above Egton Bridge.
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This channel is blocked at one point by a high dam of debris
and this may have been responsible for the diversion to the
present course, Alternatively, northward retreat of the ice
margin may have disclosed an outlet at a lower level. The
diversion might, of course, be due to a combination of these
effects.

From the lower end of theEast Arnecliffe Gorge to the
Larpool Gorge between Ruswarp and Whitby the Esk flows in an
alluvial belt varying in width from several yards only to a
half-mile. Just below Egton Bridge the river lies beneath
cliffs on the south side in the Upper ILias. There are some
intermittent meanders in this length but they are not good
examples. The Murk Esk joins the Esk on the outside of a
hairpin bend. There are numerous shoals between Egton Bridge
and Sleights. A weir has been constructed just above Egton
Bridge, another at Sleights and a third at Ruswarp -~ each of
these cause a difference in water level of 5 to 10 ft. It
should be observed that the extensive alluvial flat below
Grosmont and another below Ruswarp are unlikely to have een
developed by the Esk cutting laterally in solid rock in post-
Glacial times. Their dimensions must be due solely to the ease
of excavating laterally almost entirely in Boulder Clay and

consequently they must extend over an earlier valley floor.



The gorge at Larpool is very deep but open and is just less
than a half-mile long. It is excavated mostly in the Upper
Estuarine Series on the east side and partly in Boulder Clay
on the west, The estuary at the harbour lies between high
c¢liffs which, in effect, constitute a short, wide gorge.

The Esk is tidal from the weir at Ruswarp.

o
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CHAPTER V

Analysis of Various Features in the Eskdale
Drainage System

In this chapter a number of features in the Eskdale
drainage system are analysed. The considerable amount of
morphological material to be discovered in this system is
surprising. No doubt it is partly due to the relatively
horizontal dispaition of the beds and, indeed, structure
and lithology are admirably reflécted in the morphology of
the dales and in the characteristics of the streams. There
is obviously much still to be discovered.' More detailed
field studies and the plotting of additional sections
should be particularly rewarding. The features discussed
in this chapter include the anomalous courses of Baysdale
and Sleddale Becks, the general course of the Esk, various
morphological characteristics of the tributary dales, the
origin of twin parallel streams and the pre-Glacial profile
of the main river,

The Baysdale~Sleddale Fluvial Compléx

The lower half of Baysdale Beck and the middle part of
Sleddale Beck appear to follow anomalous courses., Baysdale

Beck abandons its initial down-dip course and turns to flow



143

obliquely across the strike, Initially Sleddale Beck flows
roughly along the strike, following the north-west to south-
east trend of most streams on the northern part of the
catchment, then turns sharply eastwards and finally resumes
its original orientation. The questions which arise are:

Do either of these streams follow the course of the Esk before
its early beheading? If not, to what are the anomalous parts
of their courses due?

The early Esk could certainly have followed Sleddale Beck
as far as the head of Kildale, then either following the
present course of the River Leven or flowing directly across
Coate Moor although there are no remanent topographical
features here to confirm this supposition. In any case, the
course to be followed by the ﬁek is rather tortuous compared
with its lower pre=Glacial course to the sea., On the other
hand a less tortuous and more likely course follows Baysdale
Beck roughly as far as Baysdale Abbey and then passes through
the shallow motch at just over 1,000 ft. on Warren Moor or a
similar notch at about 3,025 ft. on Battersby Moor. An early
tributary drainage pattern can be fitted to this course for
the main river in the following way. The upper north-west
to south~east section of Sleddale Beck can be projected south-

eastwards through a notch at just above 900 ft. between two
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knolls rising to 990 ft. and 963 ft. This course must have
persisted for some time after the Esk was beheaded at Warren
Moor or Battersby Moor since the gradient on the main river
would be of the order 50 ft. per mile and this is excessive
for the lower reaches of the combined Tees and Esk. Undoubtedly
the present headwaters of the River Leven, rising on Warren
Moor, wmnstituted a tributary of the early Sleddale Beck and
this was captured by the Leven at some time after the behead-
ing of the Esk. The lower section of the present Sleddale Beck ~
known as Commondale Beck =~ originally constituted the lower
half of Whiteley Beck which flows through Commondale.

The question now arises as to whether the early Sleddale
Beck was captured by a tributary of Whiteley Beck or by the
Leven. There is little doubt that a tributary of Whiteley
Beck followed the middle section of the present Sleddale Beck
for some distance in order to form the natch in the ridge be-
tween the early Sleddale and Whiteley Becks which became the
overflow channel from Glacial Lake Kildale. Furthermore,
such a tributary would follow the south-west to north-east
trend of the headwaters of the leven and minor tributaries
of the present Commondale Beck. However, this tributary
would need to be powerful to cut back nearly 2 miles - mainly

in the Lower Estuarines - to capture the early Sleddale Beck.
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On the other hand the Leven was obviously very active in
excavating Kildale and capturing its present headwaters and
little additional effort would be required to capture
Sleddale Beck also. This work was facilitated by the fact
that the Leven was partly, if not wholly, in the Upper Lias.
The recapture of Sleddale Beck by the Esk drainage system
is due to the overflow from Lake Kildale which provided a
channel with a downward gradient eastwards. The geological
map shows small deposits of Boulder Clay at the western end
of the channel and these may have facilitated the capture by
blocking the pre-Glacial captured course of Sleddale Beck to
the west.

One other problem arises in connection with this fluvial
complex and concerns the leven tributary known as Lounsdale
Beck which lies just west of the watershed on the north side
of Kildale. It is acapted that this was originally a tributary
of the Esk system but the question arises whether its confluence
was with the Esk or with Sleddale Beck. Here again one has
to rely on the general pattern of streams in the area. One
or other of the two notches at a little over 900 ft. on Kildalf
Moor on the north watershed of Baysdale Beck lend weight to
the suggestion that Lounsdale Beck connected directly withA

the Esk just below Baysdale Abbey, although these notches are
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not conspicuous on the site., On the other hand, an eastwards
trend of lLounsdale Beck' from the lower end of Lounsdale to the
initial Sleddale Beck would provide a valley which would be
readily followed by the piratical Leven and the balance seems

to weigh in favour of Lounsdale Beck being initially a tributary
of Sleddale Beck. The tributary of the early Sleddale Beck =
or Lounsdale Beck = which now constitutes the headwaters of

the leven on Warren Moor was obviously very much shorter at
that time but capture by the Leven undoubtedly led to its rapid

deve lopnent,

The General Pre-Glacial Course of the Esk

It has been suggested in the previous section that ﬁhe
upper reaches of the beheaded Esk are represented to-day by
the lower half of Baysdale Beck. In this section the general
pre=Glacial course of the Esk is‘traced from the lower end of
Baysdale Beck to the sea and Figs. 32, 33 and 34 show six
cross~sections of the valley reconstructed from the boring and
other data described in Chapte; I11. Where there is a marked
divergence between pre~ and post-Glacial channela,'ths earlier
course is indicated by red dotted lines on the map in the pocket
at the end of this thesis.

From the confluence of Bayasdale Beck with the Westerdale

headwaters to the Lealholm moraine it is likely that the pre=
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Glacial course of the Esk was not very different from the
present course, Immediately below the moraine, however, the
earlier.course was between % mile and % mile north of Crunkly
Gill but Cross Section 2 (Fig.32) - which is located just
above Lealholm Bridge - indicates that it must have passed
100 to 200 yards south of the present course at the bridge.
From Lealholm to the Glaisdale moraine it is probable that
the pre-Glacial course lies roughly beneath the present channel.
From the moraine to Egton Bridge the course was north of the
two existing gorges and probably passed nearly % mile north
of Glaisdale Bridge. This northerly disposition of the old
course persists almost to Sleights, as Cross Section 3 (Fig.32)
shows. Several former spurs in the Lias have been cut through
by the present channel between Grosmont and Sleights and the
interesting question arises as to whether those reveled at
present as low cliffs on the north side of the river represent
spurs on the north or the south side of the pre-Glacial valley.
A survey of thislength in detail would no doubt provide a com=
plete answer but each exposure would have to be treated inde=
pendently. |
Before discussing the course from Sleights to the sea it is
necessary to examine the c¢liff section between Whitby and Sands~-

end. Just to the west of the present channel of the Esk at
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Whitby are cliffs in the Estuarine Series but about } mile
westwards at the Spa the bed-rock surface descends below beach
level, rising again in a little more than a % mile at Lector
Nab (dee Chapter III for details). In about another % mile,
bed-rock descends below beach level again and does not rise
until Sandsend is reached nearly 2 miles westwards. The fill=-
ing in these two depressions is Boulder Clay. It appears that
in the pag the depression between the Spa and Lector Nab has
been commonly accepted as representing the pre-Glacial course
of the Esk.

Now it is reasonable to assume that the depression between
Lector Nab and Sandsend can be accounted for either by marine
erosion or by fluvial erosion. In respect of marine erosion,
there is no obvious structural reason for the embayment, such
as the dome of Robin Hood's Bay where opening of the joints in
the top of the dome has undoubtedly facilitated erosion. Again,
one may ask if there is any reason why the Estuarine Series
should be more susceptible to marine erodon than the Lias., It
is true that the joints in the sandstones would permit water-
hammer under wave forces. The Joints in intact Estuarines are
not wide but in marine cliffs they are opened considerably.
Nevertheless, there is no evidence of the Estuarines being parti-

cularly susceptible to marine erosion in the extensive cliffs
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between Robin Hood's Bay and Scarborough. In any case the form
of the depression is much more consistent with that of a valley
than a bay and there is no doubt that it is of fluvial origin.
Furthermore, there is no reason to suspect that the depression
between the Spa and Lector Nab is of anything other than fluvial
origin,

There are thus two buried valleys - one much larger than
the other but the smaller of the two is sufficiently large to
preclude the possibility of it being a tributar& of the greater,
apart from the fact that the channels are almost parallel. The
writer formed the opinion that the larger valley represents
the pre-Glacial Esk, with a tributary entering fromroughly along
the line of Sandsend andEast Row Becks at Sandsend, and the
smaller Qalley represents an inter-Glacial course of the Esk,
the earlier one being blocked by Boulder Clay or ice from
Sleights northwards., The cross-sections shown in Figs. 33 and
34 have been reconstructed from evidence outlined in Chapter III
in order to substantiate these suggestions. The hydrographic
survey did not cover the pre-Glacial course and the evidence
relating to the inter-Glacial course is not as strong as one
would wish although it does not, of course, mean that the
channel is non-existent - a glance at the cliffs is sufficlent

to show that it does exist.
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If these two valleys are pre- and inter-Glacial, then it
is reasonable to expect that Glacial deposits occur in the
bottom of the pre-Glacial valley which are absent in the inter-
Glacial. The sequence visible in the cliffs in both depressions
is similar and consists of 20 to 30 ft. of fox-red clay overlying
about 10 ft. of sand and gravel beneath which is a thick bed
of venetian-red or purple clay. The writer examined these
deposits in both valleys but was unable to trace any erosion
surfaces and the erratics which were collected yielded nothing
of significance. The I.C.I. borehole E.6 at Upgang showed that
the sandstone boulder content of the Boulder Clay increases
below about 5 ft. a,0.D. and there is an increase in shale and
sand content below about =25 ft. b.0.D. This suggests that
the basement clay does not extend much above beach level and
will rarely be seen in the cliffs because of slipped material
from above, Unfortunately no suitable boring has been made in
the inter-Glacial channel for comparison. Thus the existance
of pre~ and inter-Glacial channels cannot belproved at present.
The writer has been unable to find any record of other inter-
Glacial channels in Great Britain although they must surely
exist,

The width of the inter-Glacial valley is rather greater
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than the present valley of the Esk at Whitby. Consequently

a sufficient length of time is required for its development
and the Great Interglacial is the first choice on this basis.,
During this period there would undoubtedly be extensive
erosion of the BoulderClay in the pre-Glacial channel and the
surface may well have been reduced to near present beach level.

If the postulate of these two valleys is acceptable, then
the next step is to trace the possible courses from Sleights
to the sea. It is most unlikely that the pre-Glacial course
flowed from Sleights to Ruswarp, making a deflection of 90°
to the left at that point to flow north/nerth-west to the sea.
There appears to be nothing to oppose the suégestion that the
river turned gently to the left at Sleights to flow due north=-
wards to the sea., On the other hand tha inter~ Glacial Esk
probably followed the present course from Sleights to Ruswarp
where it turned northwards to the sea. These two tentative
valleys can be fitted quite well into Cross Sections 5 and 6
(Figs. 33 and 34).

It should be observed that the pre-Gladal Esk followed
the western part of the rim of the Whitby‘Basin and - it seems =
studiously avoided the Whitby Fault. It is conceivable that the
formation of a basin would lead to the formation of a lake on

the surface and one possible path of least resistance to the



sea would be via the fault. In Chapter II reference was made
to the fact that the present drainage system has been super-
posed on the present structure. It seems likely therefore

that the pre-Glacial course of theEsk from Sleights to the sea

was well established before the development of the Whitby Basin,
It is now possible to turn to a broader view of the pre-
Glacial course of the Esk. The almost due west to east trend
of the Esk before beheading can be traced from Barnard Castle,
past south Darlington and into Eskdale as far as Grosmont. At
Grosmont it turns to flow north-eastwards as far as Sleights
where it turns due north out to sea. The west to east trend
with a slight bias to south-eastwards conforms to Reed's (1901)
hypothesis for the original drainage pattern for east Yorkshire.
The beheading of the Esk is aacribeg to a subsequent flowing
to the north or north-east which is now represented by the lower
Tees. One cannot fail to observe, however, that the present course
of the Esk is a presentable replica of that of the Tees in
miniature. The deviation from the west to east course appears

s0 strong that it can hardly be regarded as a local phenomgnon.

A number of questions now come to mind but a careful study of

the paleomorphology is required before an attempt can be made to
answer them and this is beyond the scope of the present investi-

gation. The questions one may ask are on the following lines:
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1« Does the lower usk represent the course of & subseqguent
which effected a capture?

2. If so, to what river was the subsequent a tributary? v

%. Since neither the structure nor the lithology appear to
offer any special facilities, why should il effect a capture?

L, If this is an example of a very early capture, what course
did the Lower Esk originally follow? Did it flow eastwards
over Robin Hood's Bay? The bay is undoubtedly due to the
facility offered to erosion by the structural dome and can-
not be taken to represent the position of an early valley.

5. If this is not a case of capturc, does it represent the effect
of regional tilting, with a northward dip, about a line
oriented roughly west to east and passing through south
Darlington and Grosmont? There is no obvious elbow of capture

on the Tees, although there may have been one south-east of
Darlington which has been obliterated by later meandering.
There may be an elbow of capture on the Esk at Sleights but
this is indefinite owing to theoverlafi;oulder Clay. Conpara-
tively easy curves to the north-east and north would be indica-
tive of a gradually increasing dip in this direction.

6. What structural evidence is there for tilting?

7. Did the tilting occur before or after the original drainage
system was initiated?

8. How is Reed's hypothesis of cspture by the present lower

Tees affected by the postulate of tiltingf
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9, Can additional evidence - for or against ~ he drawn from

the Wear or the Tyne?

In an endeavour to answer Question 2, the writer studied
a paper by Lewis (1935) on the orography of the North Sea Bed
but there is insufficient detail to show any relationship
between the Esk and the Silver River (Rhine extension).

As a final notq on the general course of the Esk attention
is drawn to the fact that the present middle Esk and the
Cleveland Dyke are coincident in places and never more than
% mile apart. The question arise = did the Dyke influence the
location of the Esk? In view of the susceptibility to weather=-
ing of the Dyke, one might expect that the Esk would follow the
path of least resistance but if this were so the colncidence
should be more precise and more extensive., Furthermore, the
Ckveland Dyke was intruded after the original drainage system
had been initated. One may ask, as an alternative, to what
extent the Esk influenced the location of the Dyke? Takenover
the entire length of Dyke it is obvious that the influence is
not great but it is worth recording that a comparatively straight
valley constitutes a notch in the crust of the Earth and
therefore defines an incipient plane of weakness, Whether
or not the Esk valley influenced the location of the Cleveland

Dyke in this way is debatable but - fortultously or otherwise -

the Dyke follows the west to east trend east of Grosmont and
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causes one to reflect on a possible early part of the course
of the Esk along this line, extending south of Robin Hood's

Ba.y .

Characteristics of the Tributary Dales

In this section several morphological features of tributary
dales are discussed. The tributary dales examined are Glaisdale,
Great and Little Fryup Dales, Danby Dale, Westerdale and Baysdale -
these are the tributary valleys least affected by glaciation.

Great and Little Fryup Dales were the first to be visited
by the writer which exhibited marked landslides. The head of
Great Fryup Dale is wall-like and there are vast gquantities of
slipped material which present the appearance of tips from
extensive hillside mines. Although this debrie is found at all
elevations at the head 6f both dales, the accumulations just
below the cliffs capped by the Dogger are by far the most
impressive and these extend almost continuously from the southe-
west flank of Great Fryup Dale head into the head of Little
Fryup Dale. In the localities visited there was no evidence
of recent landslides and the debris is well covered with vege=-
tation. Commonly, a ridge has been formed parallel to, and
roughly 100 ft. from the base of the cliff and the terraces or

flats between ridge and cliffs are moss filled.
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Extensive slips are seen at the head of Danby Daleon
the south-west flank and lesser slips on the south-east flank.
In Glaisdale there are?few minor landslides at the head. At
the head of Tower Beck in Westerdale there is evidence of

slips on the south-west flank but this is partly masked by

debris from old jet workings. On the east flank of the basin

at the head of the western arm of Westerdale is a half-mile
length of landslides below the cliffs capped with the Dogger.
These show the characteristic debris ridge with a flat between
it and the cliffs. At the north end of these slips is a tension
crack about lQQ ft. long and averéging about 3 ft. wide in the
Dogger. Slips are found in the upper parts of Baysdale but
these are obviously due to the rap;d downcutting in the shales,
as mentioned in Chapter IV,

Since these landslides occur almost exclusively at the
heads of the dales it is most likely that they are due to the
headward erosion of the streams and, if not recent, they are
at least connected with the current cycle of fluvial erosion,
The tension crack in Westerdale is certainly recent sinceit
is unfilled with debris for depths®®"Pto 10 ft, or more. The
highest slips occur at elevations of the order of 1,000 ft. in

1 (1903)

all the dales and according to Kendal the maximum

level of Lake Eskdale was about 725 ft. The shear strength of
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the shales which were saturated by the waters of the lake
would be less than the pre-Glacial strength and it is likely
that sub-aqueous slips would occur just below the water-line,
These would inevitably lead to slips above the water-line
under sub-aerial conditions. Although landslides would be
most likely to occur under these conditions where incipient
failure had been induced by pre~Glacial headward erosion =-
that is, at the dale head -~ it is reasonable to expect that
they would occur also at other points throughout the length of
the dales, whereas there is no evidence of extensive high level
slips at the lower ends of the valleys.

Most of the landslides occur on the south-west flanks of
the dales and this consistent orientation suggests either a
climatological or a structural influence, The fact that
landslides occur on the east flank in Westerdale rather
invalidates the suggestion of a climatological influence, apart
from the fact that the character of such an influence is not
apparent. The structural influence is primarily dip and,
although this is almost always down-dale, in all the dales,
with the exception of the western arm of Westerdale, there is
a small component of dip at right-angles to the axis of the
slips where these are most extensive. The western arm of
Westerdale extends south of theanticlinal axis and the

indefinite nature of the dip over the axis may explain the
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anomaly. It may be that this small component of dip is
sufficient to encourage unidateral erosion, as discussed in
Chapter IV in connection with Sleddale Beck,

A final controversial point in connection with the land-
slides is the reason for the comparative absence of slips in
Glaisdale. Extensive current landslides of the  type under

discussion must be accompanied by rapid downcutting of a

stream and this is most readily achieved by a large moor-top
catchment, numerous channels for speedily concentrating the
run-off at the dale head and steep gradients to yeild high
velocities. There are no marked differences between the
gradients of the headwater streams in the dales but Great
Fryup Beck has a relatively large headwater catchment and ade-
quate drainage channels and it is at the head of Great Fryup
Dale that the landslides are most impressive. Danby Dale

has a fair headwater catchment and Glaisdale a sma}ler one
but neither have a sufficient number of channels for effective
concentration of run~off. The slips in %ﬁe Tower Beck arm of
Westerdale are difficult to assess because of the old jet
workings but the headwaters of the western arm have a large
catchment and adequate drainage channels. ZEvidence pointa
to these run-off characteristics as being the most likely

causes of the variations in the extent of landslides in the
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different dales. However, if sub=-aqueous slips during the
existence of the glacial lakes are admitted then the Boulder
Clay filling in Glaisdale up to about 550 ft. would act to
some extent asfztabilizing influence in reducing the slips but
this would be only a minor effect.

Another feature which can be discussed conveniently in
this eection is the saddle connecting Great and Little Fryup
Dales. The width of Little Fryup Dale is almost the same as
that of Great Fryup Dale, yet Little Fryup Beck is very much
smaller than Great Fryup Beck. It seems unlikely that a streanm
with the length, proportions and catchment of Little Fryup

Beck, should excavate a dale of these dimensions. An

example of what might be expected is found in Low Wood Beck,
between Great Fryup Dale and Glaisdale, which joins the Egk
a little more than a quarter-mile below Lealholm. This
stream is about 1% miles long and Little Fryup Beck is about
2 miles. It does not appear to have formed a dale but the
lower mile is now in Boulder Clay. The trace of the Dogger
on the geological map indicates a narrow valley in the ILias
about % mile long. Nevertheless, the ability of a short
stream to excavate a dale of apprecliable proportions is
demonstrated by a possible early second stream in Danby Dale
which is discussed below. The saddle between Great and Little
Fryup Dales, together with the comparatively similar widths,

suggests stream capture or,
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perhaps more correctly in this case, catchment capture.

Originally Little Fryup wseck must have possessed a tributary
rising south-east of the saddle and above the Dogger. Such a
stream would flow obliquely down-dip and analogous examples
are Winter Gill, a tributary of Glaisdale Beck, and Falcon
Beck, a tributary of Danby Beck. The knoll known as Round Hill,
which rises to just over 825 ft.,suggests that the tributary
was bifurcated and may thus have drained a relatively large
area.

The width of a dale at any point is governed largely
by the heipght of the Dogger Bed above the valley floor., This
is discussed further at the end of this section, It is the
principal reason why the exits from Westerdale and Danby Dale
are narrow, However, the morphology of the lower end of Danby
Dale calls for comment. There is no doubt that the present
lower course of the stream, follows fairly closely the pre-
Glacial one, yet considerable excavation has been effected at
the eastern side of the lower end of the dale. Although
covered with gravel, the saddle to the east of the knoll known
as The Howe is lower than that feature by roughly 100 ft. The
Howe is an outcrop of Lower Estuarines and the geoldgical map
indicates that this is continuous with the outcrop of Lower
Estuarines of Danby Ridge. There is no reason to suspect a

comparatively recent duplicate exit from the dale although ane

rin
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can conceive an early exit, even over the Lower Estuarines,
with an inlier of Upper Lias in the dale floor. Once the
Dogger has been penetrated, excavation can be readily
effected. However, desertion of this exit can be accomplished
only through capture and this requires a parallel stream
about % mile westwards to do this. There does not appear to
be any satisfactory alternative to this supposition.

The discrepancy between the dip given on the geological
map and the dip obtained from the structural map of Versey
(Fig.3) was commented on in Chapter I. According to the former
the dip on each side of Danby Dale is in the direction of the
axis of Castleton Ridge and Danby Ridge and the divergence
between the directions is 20° to 300. Originally the morphology
of Danby Dale must have been rather similar to that of Great and
1ittle Fryup Dales but the dividing ridge was eventually erased
except for the remnant The Howe. No capture of a steam is
required and this case is also in the nature of mtchment capture.
Just south-east of The Howe the contours are oriented east-west
and are widely spaced and, although they are governed partly
by the lobe of gravel, there is a shelf on the Upper Lias which
conforms to the requirement of an early valley floor (see Fig.29).

The absence of lateral drainage from this bulge in the dale is
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remarkable but numerous springs appear and lead to short
watercourses which soon disappear. It is probable that much
of this drainage finds its way to the Esk by subsurface courses
through the gravel which extends to the bank of the main river
in places. This confirms the presence of a bedrock surface
gradient down towards the Esk, thus conforming to the supposi-
tion of an earlier valley beneath the gravel,

The early east and west streams of Danby Dale must have
possessed nearly equal erosive capacities, with the western
stream slightly the more vigorous of the two., The length of
the eastern stream was probably, about a quarter-mile less
than the length of Little Fryup Beck and it excavated a dale
of appreciable dimensions, though probably much less than Little
Fryup Dale in volume of rock removed, |

The anomalous course of the headwaters of the Esk in the
western limb of Westerdale also calls for comment. The reason
for the S-bend below the confluence with Stockdale Beck is not
apparent but the sharp bend west of Westerdale' village suggests
capture which can be substantiated in the following way. There
is a shallow notch just above 725 ft. in Westerdale Moor due
north of this elbow., This is much lower than the early
confluence of Sleddale Beck with the Esk mentioned in the first

section of this chapter and therefore the capture must have been
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later than the first capture of Sleddale Beck. The geological
map shows that this early Westerdale stream would be wellabove
the Dogger at its confluence with Baysdale Beck, and may even
have been at a sufficiently high elevation in its middle
reaches not to produce an inlier similar to that formed by
Baysdale Beck. Consequently this stream would excavate rela-
tively slowly in the Lower Estuarines. Undoubtedly the con-
fluence of Tower Beck with the Esk has been located by the
small tr?ugh fault at the mouth of Yesterdale. At a compara-
tively early stage in the grading to pre-Glacial levels, Tower
Beck, together with a tributary cutting back into the western
limb of Viesterdale, had broken through the Dogger into the
easily excavated Lias so that development here was rapid.

As a result of this the tributary of Tower Beck cut back with
sufficient speed to capture the streaw in the western limb of
ilesterdale.

Although the early drainage pattern of the Esk and its
tributaries was not greatly different from what it is today,
the early morphology must have presented a vastly different
picture in which the valleys formed a series of undulations
compared with the present extensive escarped'tOPOgraphy. This
change has been wrought, of course, solely by a change in base-
level. In the mature parts of the tributary dales it will be
observed that the greater the depth of the stream below tho

Dogger, the wider
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the valley. For the purpose of the following discussion the
beds can be considered horizontal. If the crude assumption
of uniformity in the Lias can be accepted, then the width
and depth of the valley are related tothe uniform strength of
the Lias. This argument considers only slip phenomena and
ignores such factors as chemical weathering and rain-wash
but providing only comparatively recent but mature parts of
the dales are considered, then one can expect tolerable results,
The relationship is not likely to be linear and therefore it
is necessary to consider each side of the valley separately,
plotting"half~widthd against depth below Dogger as shown in
Fig.31.

The cross-sections shown in Figs. 26, 27, 28, 29 and 30
have been constructed from © incheé'to 1 mile Ordnance Survey
maps and the positions of strata have been taken from Geological
Survey maps to the same scale. The notation for stratigraphical
series in the cross-sections is that employed by the Geological
Survey but, in addition, Boulder Clay is indicated by B,C. and
Sand and Gravel by S and G. For easy reference the notation
is as follows:

-~ Alluvium
BC Boulder Clay

S &G Sand and Gravel




TABLE 3

Analysis of Valley Cross-Sections

Section No. Baysdale Danby Dale Great Fryup Little ZFryup Glaisdale
and side Dale Dzle
D H D it D H D H D
1 West 760 180 2,660 120 2,500 510 2,200 355 2,180 3
East 760 180 2,900 120 2,8L0 275 2,530 Loo 1,940 2:
2 Vest - - 2,260 355 2,210 L25 1,970 365 2,780 370
East - - 2,460 L4o 2,300 355 2,360 365 2,360 390
3 West - - 2,060 310 2,120 355 1,720 25 1,980 z
East - - - - 1,0L0 275 1,38C 320 2,240 L
4 West - - 1,920 235 1,680 255 - - 1,860 2
East - - - - 1,340 160 - - 2,030 3

D is half-width of valley in feet

H is height of base of Dogger Bed above valley botton
in feet

n
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gs''"! Upper Estuarine Series
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g5t Eller Beck Bed

é5' The Dogger
g3 Upper Lias
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gl Lower Lias

The changes in slope in Figs. 26, 27, 28, and 29 generally
coincide well with the outcrop of the gtrata - the break at |
the outer edges of Boulder Clay valley-filling is quite marked.

If an average line is drawn through the points plotted
in Fig.31l., values to the left of the line can be taken to
represent immature valley sides and those to the right fully
mature. With active unilateral erosion, cross-sections should
present an immature profile on the up-dip side and a slightly
over mature profile on the down~dip side, There is a tendency
for these characteristics to be exhibited by cross-sections
(the "1s" and "2s") at the heads of the dales although there
are the anticipated inexplicable exceptions. Where vertical
cutting is slow at the lower ends of the dales, unislateral
erosion will also be slow and there will be a tendency for

both valley sides to attain mature proportions. This may

o
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account for the fact that in Fig.31l, the data plotted for
cross~sections (the "3s" and "4s") at the lower ends of the
dales lie more nearly on a single line than data plotted for
the heads of the dales. It is, of course, true that the data
plotted in Fig.31 have been measured on partly reconstructed
profiles and there are undoubtedly errors in reconstruction
although these should not be large since the general forms of
the cross-sections aré satisfactory and, as will be seen in \
the last section of this Chapter, are directly related to
longitudinal profiles which als; appear rational.

The single cross-section of Baysdale (Fig.28) shows
remarkable symmetry and is V-shapedinstead of the more nearly
U~ghape of the other dales. The plot of data from this section
on Fig.31 confirms clearly the immaturity of the valley crosas=-
section., Reference to Grain Beck in Fig.2l indicates, however,
that the longitudinal profile of the valley bottom is well on
the way to maturity. The immaturity of this upper part of
Baysdale is due largely to the fact that the stream has broken
through the Dogger comparatively recently, so that the efficient
method of excavation by undercutting this bed and the easier
excavation in the Lias is belated., The fact that a faily
regular longitudinal profile has almost been achieved in this

part of Baysdale Beck encoumges the writer to believe that the
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| pre=Glacial longitdinal profiles of the more mature Glaisdale,
Great and Little Fryup Dales and Danby Dale were sufficiently
regular to be represented by a simple mathematical curve, asa
demonstrated later.

The single cross-section of Sleddale (Fig.30) illustrates

the effects of unilateral erosion which have been discussed in

Chapter IV. This phemomenon does not appear to have existed in
the Lower Estuarines, judging from the profile, but is quite
marked in the Upper Lias and, as mentioned previously, the
gtrength of the strata obviously plays a part in the mechanics
of the problen.,

Returning to the general problem of valley shape, if it is
assumed that a deep, vertical incision of narrow width is made
by a stream in a block of homogeneous, isotropic strata, then a
landslide would develop and if the resulting debrisﬁgreremoved;J&A
immediately, then the shape and dimensions of the valley cross-
section could be defined by soil mechanics, If the depth of
incision is relatively small = say 20 to 30 ft. in shale =
then the tensile strength of the strata will be sufficient to
permit the valley sides to remain vertical. Hence down to

some depth, the half-width of the valley should bepractically

zero and this has been taken into account in sketching the
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curve shown in Fig.3l. However, the process of valley develop-
ment is progressive and this, together with the debris which
has not been removed, leads to complications in the form of the
valley cross-section. Further complications arise due to

variations in the physical properties and moisture content of

the strata.

Twin Parallel Streams

Twin parallel streams occur within the Esk catchment in
the Rigg Mill Beck system. Several occur also beyond the
north-eastern watershed where the best examples are Easing;ton
and Roxby Becks, which unite and discharge as a single stream
into the sea at Stalthes, and Sandsend and East Row Becks, which
discharge independently into the sea at Sandsend. The parallel
sections of these streams are one=quarter of a mile or less
apart. Easington and Roxby Becks are rather more spectacular
than Sandsend and East Row Becks but both pairs are more
impressive than the Rigg Mill Beck system. The top of the
ridge between Easington and Roxby Becks is barely wide enough
in places to accommodate the 10 ft. wide road which runs along

(189&)' the

its entire length, According to Fox-Strangeways
explanation of this pbenomenon is that the streams have
excavated their courses at the contacts between the Boulder

Clay and the solid rock and that each stream is located on a



179

flank of a pre=-Glacial valley. This may be the case at a few
points along the courses but it is not the principal cause.

If the drainage has been initiated in post-Glacial times wholly
in Boulder Clay, two parallel streams must have been developed

in the clay fortuitously in close proximity to the valley sides
and it is inconceivable that the phenomenon should be common

in this, or any other, erea. It is probable that the Boulder
Clay would be depressed to some extent over the centre of a
pre-Glacial valley owing to the greater amount of consolidation
of the thicker clay deposit. Without an external agént. this
would lead to a single stream following roughly the course of the
0old valley. Furthermore, the Boulder Clay, shales and sandstones
are all relatively inert chemically whereas the explanantion
given by Fox-Strangways would be‘more acceptable if one of the
rocks at the contact is liable to comparatively rapid decom=
position. Thornbury (1954) cites an example of this in the
Bighorn Mountains of Wyoming in which a subsequent stream

flows along the contact of granite and sedimentary rocks,

Field observations and examination of geological maps show that,
in fact, the streams rarely follow contacts. Nevertheless,

one can concede the rather remote possibility of twin streams
being initiated along contacts downstream and of parallel courses

being extended upstream by normal upstream erosion in Boulder



Clay. It is of interest to note that on a section on the "one-
inch" drift map (sheet 35, 44, Whitby) the parallel streams
between Sandsend and Whitby are shown cut principally in Boulder
Clay.

It follows from the above discussion that the contact
erosion explanation is unsatisfactory and an alternative must
be sought. There is no doubt that the modifications in the pre-~
Glaclal drainage system were wrought principally during the
collapse of the Glacial conditions in Cleveland and that only
to a minor extent can they be ascribed to post-Glacial develop~
ment. Several alternative solutions come to mind but most of
these can be ruled out for one or more reasons and are given
only briefly below. The most probable explanation is tfeated
last at greater length.

In some way parallel streams might be due to the formation
of drumlins, eskers or similar features but examination of
aerial photographs of the Rigg Mill Beck area reveals nothing
that can be interpreted as such, quite apart from the fact that
the area is not drumlin country.

A possible explanation can be given if one can postulate
the existence of local ice caps, which in Cleveland would be
stagnant and ill-nourished. -The glacier tongues from such caps

would extend down the depressions in the exposed sub=-glacial



surface including drift-filled pre-Glacial valleys unless the
drift was irregularly deposited. Twin streams could be

developed by melt water flowing along the sides of the ice
tongues or along lateral moraines or sub-glacially in cracks
along the edges of the ice. However, according to Kendall (1903)
the high ground at the head of Iburndale and Rigg Mill Beck -
that is, Sneaton High Moor and ¥ylingdalesMoor = was not covered
with ice and this is supported by ample evidence. Furthermore,
Roxby High Moor and Ugthorpe Moor above Easington and Roxby
Becks and Sandsend and East Row Becks were clear of ice before
the lower ground to the north and east and at one stags were
occupied by lakelets. This evidence rules out the possibility
of the Cleveland twin streams being formed along the margins
of tongues from ice caps. In actual fact, when ice is stagnant
and ill-nourished, evidence shows that the upper parts melt,
revealing nunataks, at the same time as the margins shrink,
The writer has been unable to trace examﬁles of local stagnant
ice caps, so that the initial postulate cannot be supported,
but given the right conditions there is no reason why parallel
streams should not be formed in this way.

It remains now to ascertain to what extent twin streams may

be due to stagnant valley ice. If a depression is occupied by



a tongue of stagnant ice, then parallel streams can be formed
along each side of the tongue as it retreats downhill, Never-
theless, this is morelikely to lead to the formation of a
series of short lateral channels in echelon, nearly all of
which would be deserted at the present time,and such an arrange-

(1945) studied

ment.cannot be found in the area. Mannerfelt
the development of lateral drainage channels along the margins
of stagnant ice sheets, lobes and tongues. Where the channels
occur at regular intervals slightly inclined across the contours
of a valley side, it is considered that they were formed at
yearly intervals asthe ice shrank. In parts of Scandinavia

ten or more of these lateral channels can be seen and at one
place there are nearly eighty. The gradient of these channels
is commonly 1 in 25 to 30. There appear to be several examples

of twin streams located in lateral drainage channels although

the present drainage system is faintly printed on Mannerfelt's

maps. Anotherpoint of interest is that in Scandinavia some ice
dammed lakelets drain annually through sub-glacial channels
opened by lifting of the ice when the water has risen sufficiently.
Returning to the parallel streams of Cleveland, it is note=
worthy that the three principal sets occur below the site of
former glacial lakelets. Consequently one should consider the
possibility of annual sub-glacial drainage from the lakelets,

as described by Mannerfelt, but the course of sub-glacial streams
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is generally winding whereas the Cleveland twin streams have
fairly regular courses.

The most probable explanation of the twin streams in
Cleveland is that they have been formed along the margin of
the ice, either in contact with the ice or between ablation
;oraines. Ablation moraines commonly lead to hummocky ground
but there is no marked evidence of this-characteristic in the
vicinity of the Cleveland twin streams. Hence it is probable
that the channels were developed by water flowing in contact
with the ice margin.

Kendall's work shows that Glacial Lake Iburndale discharged
ipitially into Biller Howe Dale at a sill level of about 650 ft,
BEventually a re-entrant was formed in the ice in a north~easterly
direction roughly along the present main Whiﬁby-Scarborough
Road (Al71). The writer suggests that thistrend in the shrinkage
of the ice continued, the eastern margin of the lobe lying over
Sneaton became oriented roughly north/south and the several
parallel streams of the Rigg Mill Beck systenwere formed during

the westward retreat of this edge. The water eroding the channel

may have been marginal water only but it is more likely that it

was derived principally from Lake Iburndale. The head of the
Rigg Mill Beck system is the nearest alternative outlet to

Biller Howe Dale. The littoral belt - extending one or two miles
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beyond the present cliffs = was clear of ice as far north as
Whitby whilst inland the sheet still extended some distance
south of the Esk. The Rigg Mill Beck water must have drained
north-eastwards to the sea, possibly along the present line of
the Esk estuary and may have been instrumental in establishing

a course which was later followed by the main river. The sur-

face of the Boulder Clay was probably depressed slightly by
consolidation in the pre-Glacial valley of Rigg Mill Beck. When
the icemargin reached the western flank of this depression, the
surface began to slope upwards and drainage from Lake Iburndale
persisted in the newly formed lateral drainage channels, which
were thus well developed. It may be that no new channels were
formed in this way west of Rigg Mill Beck, élthough Shawn Riggs
Beck and Buskey Beck are possibilities. The earlier channels
are represented, for example, by Mitten Hill Beck but some poorly
developed channels may have been lost through post-Glacial
erosion. It is not to be expected that the positions of the ice
margin should lie regularly over the pre-Glacial valley and con=-
sequently the Rigg Mill Beck streams cut into solid rock in
places although they were probably initiated almost entirely in
Boulder Clay.

Some time after the initiation of the Rigg Mill Beck draine

age system, a lobe of ice extended south-westwards from the coast
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roughly to the Whitby-Guisborough Road (Al171) andlakelets were
formed between the ice and the present watershed in the vicinity
of Roxby High Moor, ﬁgthorpe Moor and Briscoe Moor (Kendall,1903)
The present writer suggests that the twin Easington and Roxby
Becks and Sandsend and East Row Becks were formed in a manner
similar to that in which the Rigg Mill Beck streams were develaoped
and that at their ipitiation the lobe of ice was contained
roughly in an area bounded by these two sets of twin streams and
the road (Al71). Both sets were probably firmly entrenched by
water from the glacial lakelets. Detween Whitby and Sandsend
there are two minor sets of twin streams and these are probably
earlier lateral channels which were supplied with insﬁfficient
water to establish them conspicuously. The sharp turn at the
lower end of Easington Beck may have been initiated as a sub=

glacial chute. Between Sandsend and Staithes is another set of

twin streams - Borrowby Dale Beck and Newton Beck - probably
initiated when the western margin of the lobe had retreated to
this position.

The prerequisites for the formation of twin streams are an
adequate supply of water and the retreat instages - possibly
annual ~ of an ice margin laterally across a channel-like de=~

pression in the sub-glacial surface. This latter is commonly



the depresced surface of drift filling a pre-Glacial wvalley.
Other examples of twin channels are found in Eskdale, such =as
Wild Slack and Crunkly Gill at Lealholm and East Arnecliff

Wood Gorge and the channel recorded by the writer in Chapter 1V.
One of each of these twins is at a relatively high level and
deserted, primarily because it has no appreciable catchment

of its own whereas the twin streams discussed at length above
all have reasonable catchments.

The writer has examined Ordnance maps at the scale of
one-quarter inch to one mile in an endeavour to locate other
examples of twin parallel streams in the east coast belt of
Northern England and Scotland but, although there are numerous

examples of parallel streams, none have the same characteristics
as those in Cleveland. The uniqueness of the Cleveland twin

streams must therefore be significant but the reason for this
is not obvious and a knowledge of the Pleistocene geology of
other areas may be required before it becomes apparent.

Summing up, the most probable explanation of the twin
parallel streams of Cleveland is that they were formed by water
flowing in contact with an ice margin which retreated in stages
laterally across depressions in the sub~-glacial surface =

commonly following drift filled pre-Glacial valleys - and that

0
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the water which firmly established them was derived principally
from Glacial lakelets. These streams represent, in fact, the
last stages of drainage of the lakelets. The process of fcrma-~
tion of twin parallel streams is illustrated in Fi. .35 and the
positions of the ice margins during the formation of the twin
streams in Cleveland are shown in Fig.36.

The Valley Profile

The exvression of a river or valley profile empirically
in mathematical terms appears to have been suggested first by
Jones (1924) who employed a rectangular hyperbolic function for
the gradient curve of the Upper Towy. The exponential curve of
decay is obviously a suitable curve and is employed in this
thesis. One can conceive arguments for and against several
different types of curves but since they are all empirical
functions such arguments carry little weight., The range of
curves which could be employed is demonstrated by experience of
curves of very large radii which indicates that an arc of a
circle could be employed to fit the profile of a graded river
within tolerable limits, although extrapolation might lead to
difficulties. It is interesting to note that Shulits ¢ 19+1)
derived an exponential function for the curve of river-bed
profile from considerations of bed-load transport but, since
the premises are largely enpirical, the final equation is also

empirical.

The decay curve employed in this thesis is shown in Fig.37
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Horizontal and vertical distances are measured respectively
from a vertical line through the source of a river = or other

arbitrary axis - and from Ordnance Datum but neither of these

can be taken as the primary axes on which the curve of profile
is based, Consequently it is necessary to relate the primary
axes to the field axes by positive or negative constants d

and a of unknown magnitude, as shown in Fig.3?7. The exponential

function expressing the graded valley profile is therefore

(b %a) = cokil 2d) cene(1)

where a, ¢, R and d are constants. The signs relating to a and
d are indicated for specific cases in Fig.37.
The most important axis from a geological point of view

is the prevailing base level and the position of the vertical

primary axis is not significant. Now

(h : 8.) = Ce-kl 3+Rd = Ce-RL ....(2)

-~

where C = e:e"xd is another constant and represents the value

of (h 2 a) when L is zero. This eliminates the insignificant

unknown d from (1).
Equation (2) can be expressed in the logarithmic form

hia hZa
=kl = loge( C ) = 2.303 loglo( c )

or simply

+ +
"RL = Ln(h ‘c. a) = 2t303 108(h E a) 0000(3)

The sign of a can geherally be Judged from the geological

e,



history of the area and the plotted profile. In the case of

the pre~Glacial valley of the Esk it is positive. So far, a

simple change in relative levels of land and sea has been envisaged.
If tilting of the land is taken into account, then one additional
term is normally sufficient to cater for it and equation (2)
becomes

(b 2a) = ce X 2 L tan o coeellt)
where ol is the angle of tilt in the direction of the valley
axis and constitutes an additional unknown quantity. The posi-
tive sign applies when the tilt is up towards the estuary and
the negative sign when the tilt is down. This simple method
of catering for tilt applies only where o is no more than a
few degrees, otherwise complications arise in the measurement
of distances which were originally horizontal but are now
tilted. Furthermore, the method obviously applies to a
straight valley only. Nevertheless, equation (4) may prove
useful in some cases in spite éf these limitations,

The current vertical movements of the British Isles have
been studied by Valentin (1953) and tilting in the region of
Eskdale is shown to be downwards in an almost due east
direction at the rate of 0.5 mm per year over a distance of
about 120 kilometres. Assuming tha£ the average mte over the

past 24,000 years was 1.0 mm., the tilt developed during post-



Glacial times along the main Esk valley is 0.2 metre per
kilometre. The main river is about 32 kilometres long and

the total difference in level is thus 6.4 metres or, say,

20 ft. Unfortunately the accuracy with which it is possible
to assess buried pre-Glacial valley levels is unlikely to be
closer than b4 10 ft. andprobably it is worse than this. These
crude estimates indicate that tilt is unlikely to be revealed
by calculations for the pre-Glacial profile of the Esk valley
but the possibilify of this taking place may provide a reason
for discrepancies. It is unfortunate alsoc that the vertical
movements taking place immediately before and during the Glacia~-
tion are unknown. One may expect these movements to be the
reverse of the current trends but the time internal of one to
two million years is very much greater. Hence the pre-Glacial
Esk profile may not yet have attained its early orientation.
The constants a, C and k in equation (2) can be deter~
mined by several methods with varying degrees of rigour. If
the observed valses: o the co-ordinates of three points on
the profile are (hlll)‘ (halz) and (h313) such that their

ordinates are spaced at equal intervals b, then

ofo=KCby +0) _ oKiLy + 20y

C(e_KLl - e k(Ll + b) )

h, - h
-




or
. kb
A - e veee(5)

where A23 = h2 - h3 and Al2 =h; - hz. Equation (5)

yields K and then C is calculated from

C = L |1 ) ceee(6)
é'l't%,(l "6- 4
and
ta gce-kll-h' o.oo(?)

Unless the observations have been taken at equal hori-
zontal distances along the mean course of the river it is
necessary to sketch a curve through the plotted points and
the co-ordinates (hlll), (hZLZ) and (h3L3) are taken from
this. Several sets of co-ordinates can be employed and the
computations repeated to give several values of a, C and K
from which the means are calculated.

It will be observed that (5) can be expressed in the
general form

A{m#l){m*Z) = c’kb cena (55.)

Am(m+1)
end that this is a constant ratio for a given curve. This

fact is useful when plotting tentative profiles and has been
employed for preliminary estimates of X for the main river
and for re-constructing the profiles in main and tributary
valleyss It implies that the ratio of differences between

any three successive ordinates is always the same and, having
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selected a value for the first differenceAl2 and estimated
the ratio (e_kb), the remaining ordinates are easily calcu-
lated on a slide rule for the entire profile,

If the method of least squares can be applied to the
observed values, then it will yield the best fit, according
to the premises of the method, and precisely the same fit
will be obtained by everybody using the same data. Strictly
the method should be used only when the standard errors can
be determined for all the observations and weights based on
these are assigned to the observations, thereby influencing
the least squares computations. It is impossible to calbulate

standard errors for levels on the Esk and consequently the

weight to be assigned to each observation can be assumed only
as unity. The least squares method is regarded in this thesis
simply as a technique which gives a good fit to the observed
data and which yields the same results for every computer us-
ing that data.

Certain difficulties arise in connection with the applica~
tion of the method to transcemdental functions, as will ve
seen below, In the following discussion it is assumed that
the most probable values of a, C and K -~ satisfying the least

squares conditions - are employed and that thlll), (hatb),




194

oa-»o(hmtm)' oo-oo(hn‘.n) are the Observed quantitieﬁ. Then

the observation, error or residual equations are all in the

form

L, = cetn 32 -4, veee(8)
where r, is the residual. To satisfy the conditions of the
method the sum of the squares of the residuals Z must be
a minimum where n is the number of observation 'equations.

The minimum condition obtains when the partial derivatives of

n
Z",,f with respect to a, C and K individually are each

equal to zero.

n - 2, .

Thus from 321',;.,z :;C'fe‘“”«*an 1’2‘60 ‘ =0 sese(9)
o4 n n_ n

and from 92"!;,,2 C‘;Z'e'z*‘" $alZe kl"’-ﬁme%'no vess(10)

and from bfl}f "C'/an e“w”iagl e Z[ Ae 30...(11)
3%

These are three smultaneous equations with three unknowns
which normally can be expected to be readily solved but the
main difficulty arises due to the fact that they are trans-
cendental functions and e is raised to a variety of powers
(ktm) where K is unknown and hence the summation cannot be
effecteds Therefore some artifice must be introduced to effect
a solution. If an approximate value for K is determined, by

the application of equation (5) or otherwise, it can be
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employed in the sum mations in equations (9), (10) and (11).
The C and a can be calculated from (9) and (10) but if these
values are substituted in (11) it will be found that there is
a small residual R. The problem is to determine the value of
R when R is zero. If computations are repeated with two, three
or more values of K, then a graph can be drawn of K against R
from which the value of K ylelding R = O can be obtained to a
close approximation. 1t is desirable, of course, to obtain
both positive and negative values of R for this purpose. The
values of a and C can be calculated from this value of K and
these will all satisfy the condition of least squares to a close
approximation. Values of R can be computed most sinply by

employing determinants and it is not necessary to compute a

and C to do this,
For simplicity let the various summations between 1 and n

in which an approximate value of K is employed be represanted

as follows , n
4L, 2 - 2 .
ut%,=;fe m :a S;Eé” | é;:=;E62Wb1 42‘?%2408‘4"
n a
=24, - ~#, z -4,
L S T
Then equations (9), (10) and (11) are
*5C tna ts, =0 ees d9)
SC 753 -5 =0 vern(10)

=550 259 4S5, =0 eeea(11)



as

These can be expressed and solved in determinant form

follows:
Isl n 0
83 +Sl 0
+
:S2 n 0
Sh +S 0
+
-87 -S6 "'l
+8,  ¥8 0
83 54 0
-8 - -
5 S 1
+Sl n +82
S3 +S Sh
65 +8 —57

= +8 Isl
+
_36
2
= -Sl
= 8 131
+
= -SlS
- Y S
= +5 4
+ -
= - Slsl‘_ o+ 8283
= +S 131
136
slsns6 + nSBS7

0 -S3 n
-+
l -36
+ nS3
0 —Sh n
+
"l "'86
> + nSu
0 -83 +32
-] -
S
Su -33 n
+
'-57 "56

5

0 +0

-1

eeea(12)

cesls(13)

0

-1

coee (1)

+ 818285

+0

c>

0000(15)



Hence
C=£]; oo--(l6)
D
a = Bé eeee(17)
D
R:_?é 0000(18)
D

It should be observed that the computed values of C and R,
and hence also K, are independent of the sign of a.

Having outlined the method of analysis, the first stage
in tbe application of the methoed is to test the suitability
of the exponential decay egquation (2) to represent the
equilibrium profile of a river or part of a river. The obvious
section of the Esk to use for this purpose lies between the
mouth of Westerdale and Crunkly Gill, The least squares
analysis was employed and sample domputations are given in Table b4
The equation representing the profile to a close approximation
was found to be
-158x16 L

(h-195-11) = 43136 e vees(19)

where h and L are in feet. The levels calculated from this
equation are compared with the corresponding levels obtained

from the 6 inches to 1 mile Ordinance sheets in the following

table.



Profile of the Present ¥

Zero for horizontal distances L is the vertical axis in Fig.23.
Datum for heights h is Ordnance Datun.

Station Lin ft. h in {t.
1 34,370 Ls0
2 L0, 490 L2s
3 47,800 400
by 56,310 375
5 65,800 350
SZ 2,000
D = 016334 91 = 71hb

qolily .
C:%:m:l}y?}é ft.

Equation of profile is (h - 195+11)

kil

0+5430k6
0+639742
0°+755240
0+889698
12039640

DZ = 3187

- 18 . ) o
" = Sk = 195° 1tk R = gl = 0
-1+58 x 10771

= h3736 e

2kl

1+086092
10279484
1+510480
1779396
2+079280

D3=O

-kt

e

0580976
0+527428
0+ 469898
0410780
04353582
5, 20342664

where h and b Pare in

H@Jghtu deteriined from contours b
Approximate value for k = 1°53 x 10 2 with L in feet,determined from trias

-8

3

bl fr

to 1 mile Ordnance Sheets
= 092 where b is 1 mile

nch
L wit ﬁ
o KL } ne K
0'53755; 261+439
0'37818h 224157
Or 32080114 187959
0+1687k0 15k0043
0+h 25020 123754
19730248 5, 951+352

s il il *.h'—aspt [,

P T T

n feet

S¢

Lé'kt

19,968+
21,3556
22,4611
2%,131°0
23,2657
110,182°5

S5

EH
%
%m the mouth of ‘esterdale to Crunkly Gill

Le"akl

11,6010
11,263+5
10,554kt
94,5017
8,226¢3
51,146+9

Lhe—kl
8,985,670
9,076,110
8,984,450
8,674,130
8,142,990

43,863,400

220



TABLE 5
. . h in ft.

Statlon Lin ft. Ordnance Computed Discrep=~
sheets from ancy

equation in ft.

(19)

1 34,370 450 - hkbo,21 -0.79

2 ko, 490 k25 425,79 +0.79

3 47,800 Loo L00.62 +0.62

L 56,310 375 374,77 ~0.23

5 65,800 350 349.75 -0.25

The discrepancies aver this 6 mile stretch of river are all
less than 1 ft, - a result which is remarkable, particularly
in view of the fact that the accuracy of the élevationsdeter~
mined from the Ordnance Survey contours may be no closer than
2 or 3 ft. according to the details given in Chapter III,
The inference is that in this case the accuracy of the elevations
is much better than 2 ft. The closeness of the correspondence
can hardly be coincidental, since the discrepancies are consis=-
tently small. The mathematical tables employed for the compu-
" tations were Chamber's Six-Figure Mathematical Tables (1949)
put the writer considers that the use of ten-f;gures taken from
the 18 and 15 decimal Tables of the Exponential Functions e~

-x (1939)

and e produced in the U,S.A. for the National Bureau

of Standards Mathematical Tables Project would lead to a slight
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improvement in the fit, probably with discrepancies not exceed-
ing :0.5 ft. This result gives a measure of confidence in the
application of equation (2) to equilibrium profiles. In the
work which follows it is necessary to assume that the Esk

had attained equilibrium profiles in earlier stages of its

developnment.,

Unfortunately there are no reliable levels from which to
establish buried profiles of the Esk and the levels given at
Glaisdale Iron Works and Grosmont Iron Works - which at first
sight appear encouraging ~ prove, in fact, misleading because
of the displacement of the river to the ‘mrth and this is
sufficient to lead to errors in levels approaching 100 ft. All
the profiles described below were established by trial and error

using equation (S5a). The operationmy appear hazardous, yet the

following three conditions must be satisfied in estimating levels
of buried valleys.
1. The longitudinal profile must be rational.
2., The re-constructed cross-sections of partly
buried sections of valleys must conform to
the general ﬁatterns of the cross~sections
of unburied mature sections.
3. In the mature sections of tributary dales,

the ratio of the height of the Dogger Bed
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above the re-constructed valley bottonm

to the half-width of the valley must not

show a marked divergence from the data

plotted in Fig. 31

Condition (1) implies that at some upstream point the

early profile approaches or becomes tangential to the present
profile and that nowhere is the early profile cbviously too
deep nor too shallow, Furthermore, the downstream reaches
must have reasonable gradients. In the case of the main river
this means that the estuary gradients must be of the order
3 or 4 ft. per mile for mature pre-Glacial profiles =~ and
not more than about double these values for inter- and post=-
Glacial profiles. The writer has found that imposition of
these conditions places distinct limits on the constants a,
C and k in equation (2). It is assumed that the early valley
floor is covered with about 5 ft. of alluvium in upstreanm
reaches and about 15 ft. in downstream reaches. In all the
profile equations quoted below, h is in feet and L in miles.
It should be noted that some of the Esk cross-sections are

not at right-angles to the axis of the valley - the skew is

greatest on cross-section (5). This has been taken into
account in recomstructing the valley cross-sections. The

positions of the cvss-sections of the tributary dales are
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indicated on the longitudinal profiles by corresponding nuubers
in cycles, and on the map in the end pocket in a similar way.

The first trials were ained at establishing a continuous
profile for the pre-Glacial course fro the mouth of Westerdale
to the sea. Although it was stated in Chapter IV that the valley
of the middle/upper pre-3lacial BEsk was no older than late youth,
it is reasonable to assume that an equilibrium profile had been
attained - an assuaption confirmed by the present stage of develop-
ment of upper Baysdale Reck. However, it was found impossible to
fit a continuous curve representing the pre-3lacial profile ~ for
exansle, tle valurs o a were obviously much too large. Hence the
prcfile st have ween broken ot one or more points and this must
be due either to sitructural and lithological local controls or
rejuvenation of dynawic or eustatic origin.

The -—eolosical map reveals thet north of Crunkly Gill the
Dosger lies at a level such that it undoubtedly established a
local control at so.ae time on the pre-Glacial Esk, with the
upstrean reaclies in the Lias. Trial profiles were then based
on a level of 438 ft, a.0.D. at 7 miles from the axis on the
section shown in Figz.23. and on a level for the Dogger of about
290 ft. a.0.D. at Lealholm moraine. The level of 438 ft. is just

below the present valley level. It was found that the equation

(h - 108) = 330e'°°1°5l’ eoss(20)
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conformed reasonably well to these levels, Esk cross-section (IL
various borehole levels and the profiles of the tributary dales.
The profile based on this equation is shown in Fipg.23. with the
zero for horizontal distances at 7 miles. The Dogger and lo.er
Estuarines at the mouth at Westerdale probably constitute a
local control for the Esk headwaters and there is a break in both
pre~ and post-Glacial profiles at this point. The reconstructed
portion of Esk cross-section (1) shows erosional bias towards
the up=-dip side of the valley.

An attempt was then made to devise a continuous profile
from Lealholm to the sea but the results were unsatisfactory
and, because of the absence of any obvious local control the
writer suspected dynamic or eustatic rejuventaion and devised
profiles based on this. A level of 240 ft. appeared to be
reasonable at Esk cross-section (2). It was found that a
base~level of =100 ft. b.0.D. led to estuary gradients of 5
to 10 ft. per mile and these are steep for a mature river.
However, a base -level at 0.D. yilelded estuary gradients to
2 to 4 ft. per mile and the corresponding equation is

(h+0) =240 0% vera(21)
The zero for horizontal distances is at 13 miles on Fig.23.
This profile reveals that the Dogger had been broken through

at Lealholm and that re juvenation was reducing the upper reaches
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to the base-level of 0.D.

The next step is to devise a profile conforming to the
valley levels which are obviously below O.,D, between Upgang
and Sandsend. The I.C.I. borehole E6 at Upgang indicates
that the pre-Glacial Esk must have been at a depth of roughly
~100ft. b.0.D, at cross~-section 6. Consequently it is neces-
sary to ascertain the approximate position of the marine c¢liffs
when the sea=level was -10C to =200 ft. b.0.D.. Admiralty
Chart No.l191 shows sea~bed at about 25 fathoms at 5 miles
from the present shore and 30 fathoms at 10 miles. The sea=-
bed is shown principally as sand with very few rock exposures.
These depths are about -150 ft. and =180 ft, below L.W.S.T.
and to these must be added about =7 ft. to reduce them to 0.D.
In round figures the present elevations of the sea-bed can be
taken as =160 b,0.D, at 5 miles from the present shore and
~190 ft. b.,0.D. at 10 miles. Thus for an early sea=level at
~150 ft. b.0.D. the cliffs can be expected to be at a distance
of 2 to 5 miles from the present shore. This information is
required in order to examine estuary gradients,

A profile following the equation

 (h#150) =250 ceeel22)
was devised which has estuary gradients of 3 to 5 ft. per nmile
and which fits Esk cross=-sections (3), (4), (5) and (6) reason=

ably well. The base-level for this profile is -150 ft, b,0.D.

i
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The zero for horizontal distances is at 16 miles on Fig.23,

For this particular profile it was necessary to take into
account the difference in length between the pre-Glacial and
post-Glacial courses but this was not necessary for the two
upstream pre~Glacial profiles.

The pre~Glacial profiles of four tributary dales wererecon-
structed at the same time as those for the main river in order
to check the correspondence. The pre-Glacial Glaisdale Beck
followed a course west of the present gorge at the mouth of
the dale and extended further northwards to the confluence with
the pre-Glacial Esk., A profile was evolved for the early pro-
Glacial Glaisdale Beck conforming to the equation
- (A -760),.5_37,5‘50'3#[

with zero for horizontal distances at 1) miles on Fig,20 and

0000(23)

this ylelded satisfactory cross-sections. However, in order

to conform to the rejuvenation of the main river it was neces~
sary to introduce another profile with the equation

(h+&0) = Foo g otel cooe(2l)
with zero for horizontal distances at 3): milea on Fig.20.
to cater for rejuvenation in the lower part of Glaisdale Beck.

Profiles were also devised for three other tributary dales

and the equations to which they conform are as follows:
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Great Fryup Beck (h = 169) = 3460-0'325£ eese(25)

with zero for horizontal distances at 2 miles on Fig.21.

Tittle Fryup Beck (h = 106) = 390e ~0.hk6l eees(26)

with zero for horizontal distances at 3} miles on Fig.21.
Danby Beck (b - 364) = 236070-657¢ ceee(2D)
with zero for horizontal distances at 1% miles on Fig.22.

Although Danby Beck is shown graded to the pre-Glacial
Esk, the geological map shows the Dogger outcropping in a
resistant attitude at the mouth of the dale and it is possible
that Danby Beck may have been graded to this at or just below
present ground level, with waterfalls to the Esk. However, the
cross-sections in Danby Dale conforming to the plotted prafile
are satisfactory and, although a profile can be produced graded
to ground level at the Dogger, cross-sections (3) and (4)
are less satisfactory when adjusted to conform to it.

It was stated above that it was impossible to devise a
continuous curve for the pre-Glacial Esk from the mouth of
Westerdale to the sea and that it was necessary to invoke
breaks in the curve due to local control afforded by the Dogger
and to rejuvenation of dynamic or eustatic origin, It may be
considered that regional tilting in a downstream direction
offers an alternative explanation and, although this accounts

for steep estuary gradients, it does not alter the apparent



anomalies in upstream depths and reconstructed cross-sections
which obtain when a continuous curve is employed. Obviously
post-Glacial tilting has occurred in the area and the rough
estimate made earlier in thisemction indicates that it may lead
to an overestimate of the depth below 0.D. of earlier sea-
levels. Nevertheless, the factors which had to be taken into
account in producing profiles indicate that the effects of
local control and rejuvenation are greater than any due to
tilting.

Unfortunately there are no data on which to construct a
curve for the inter-Glacial Esk. The only reconstructed

pection is Fig.33., and this is based on the form of immature

valley sides in the Estuarines at the lower end of Sleddale
Beck. The valley floor is about =77 ft. b,0,D, = that is,

about 30 ft, above the pre-=Glacial valley on the same section.

>
P

Allowing for a slightly steeper estuary gradient, it seems likely

that the inter-Glacial sea-level was approximately the same as
the immediately pre-Glacial ~ that is, about =150 ft, b.0.D.

The profile for the post-Glacial Esk is based on the data

presented in Fig,15. Although the early post=Glacial bed is

about 8 ft. a.0.D, at Sleights, the bank level was probably

about 18 ft. 2.0.D. At the Larpool Railway Viaduct the bed is



about - 41 ft. b.0.D, but it is assumed that bank level was
about =25 ft. ».0.D., The zero for horizontal distances was
taken at 23 miles on Fig.23. and two profiles were evol¥ed which

can be taken as upper and lower limits. They are

. (h+65) = s0e0357¢ eree(28)
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and . (h+35) =/0e”° ¢ eees(29)

conforming to base~levels of =65 ft. and ~95 ft, b1.0.D. res-
pectively. The estuary gradients for (28) are 6 to 8 ft. per
mile and for (29) are 9 to 11 ft. per mile. It is reasonable
to assume that this short length of rejuvenated river would
have comparatively steep estuary gradients and both curves
yield reasonable values. The profile calculated from (29) has
been plotted on Fig,23 but the profile based on (28) has been
omitted to avoid confusion.

During the process of evolving profiles it was found that
the ratio e-kb was commonly between 0.8 and 0.9, with occasional

values just below and just above. The significance of this is

that values above 0,9 tend to a straight line thch obtains
when e-kb is unity and such values lead to steep gradients in
lower reaches. Values less than 0.8 lead to upstream gradients
which are steeper than the gradients at which streams reach
equilibrium profiles and consequently lead to excessive depths

for buried valleys in the upstream reaches,



Barrow(1888) mentioned a raised beach at Saltburn and
the present writer considered that this might yield data on
post=Glacial sea-level and accordinly visited the site., Several
recent shells were foundat a level of about 30 ft, a.0.D. in
Boulder Clay and one of these was identified by Mr. J. S,
Turner of the Geology Department, University of Leeds, as
Littorina littorea. Barrow estimated the elevation of the
raised beach at the same level and included the same species in
his list of shells, However, the supposed beach which was
visible 70 years ago has been obliterated by man-placed

deposits of so0il and fragments of brachiopods and molluscs

are found liberally sprinkled on the c¢liffs at all levels.

Lamplugh (1919) considered that there was insufficient evidence

to support the contention of a raised beach and the present
writer subscribes to the same opinion,

The following is a summary of the probable stages in the
development of the Esk revealed by the present investigation.
1. Grading of the middle and lower Esk to sea-level at about

0.D. in early pre-Glacial time.
2. Contemporary with (1), grading of the upper Eak between
Lealholm and the mouth of Westerdale to the control es~

tablished by the Dogger at Lealholm,
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6.

Rejuvenation of the lower Esk by a reduction in sea=level
to about «150 ft. b.0.D. in late pre~Glacial time. The
period during which this occurred must have been adequate
for producing mature valley cross-sections and for extend=-
ing the profile to the middle Esk. The process did not
extend much above Glaisdale before the onset of the Glacia~
tion but was sufficient to induce partial rejuvenation in
Glais dale.

The rejuvenation of (3) was probably accompanied by the
middle and upper Esk breaking through the Dogger at Leal-
holm, leading to partial rejuvenation of the upper Esk,
Partial filling of the valleys with Glacial drift during
the Early and Antepenultimate Glaciation with the Esk
following its preGlacial course during the Antepenultimate
Interglacial Phase,

Re~-opening of the pre=Glacial course during the Great Inter=
glacial Phase from the headwaters to Sleights where drift
filling in the valley led to a diversion of the estuary
into the inter-Glacial valley past Ruswarp, graded to a
sea-level of roughly =150 ft. b.0.D. This course was
presumably followed also during the last Interglacial Phase,

since there is no evidence of anothér diversion during this

period.

o



7. More extensive filling of the valleys with drift during
the last Glaciation.

8. Re-~opening of the Eskdale drainage system with diversions
created by moraines and drift filling and with the
establishment of consequent new controls in the solid,
principally at Lealholm, Glaisdale (two controls) and
Larpool.

9. Grading of the immediately post-Glacial lower Esk to sea=
level between =65 and ~95 ft. b.0.D.0

10. Rise in sea-level to the present position.

It must be emphasised that the evidence on which these
conclusions are based is largely morphological - and other
evidence, such as Pleistocene and Recent Stratigraphy, is

needed to weigh' with or against it.



CHAPTER VI

Summary of Conclusions

This chapter consists of a summary of the main conclu-~
sions drawn in this thesis with a final note on suggestions
for further work. A number of conclusions of minor import-
ance are recorded in various parts of the preceding text
but the following are the major inferences.

1. Meanders

The factors given by Matthes (1941) in order of import-
ance -quoted in Chapter IV =~ which control meandering are
general valley-slope, bed~load, discharge, bed-resistance
and transverse oscillation., It has not been poésible to
examine bed-load, discharge and transverse oscillation
in the present investigation but the influences of valley-
slope and bed-resistance are more apparent. 1In any case,
bed-load and bed-resistance are related by particle-size
and consequently the two can be linked together under the
composite heading bed-material. The tributaries offering
the best evidence are Glaisdale Beck, Great Fryup Beck,
Danby Beck and Baysdale Beck. Conditions in these streans

confirm that meandering occurs in a given material where



the gradient is steeper than is required to provide

just sufficient energy for straight channel flow and trans-
port of bed-load. At a given gradient, if meandering
occurs with bed-material of a given size it will cease
where the bed-material becomes sufficiently coarse to
offer discernible increase in resistance to flow and to reguire
additional energy for transport. From the evidence in
Sleddale Zeck it appears that, where the gradient is com-
paratively unifori, the tendency to meander increases with
increase in total energy derived from the union of two
tributarics., It should be remarked that none of the

weenders in the tributaries or the wmain river can be regarded
as perfectly formed, This is confirmed by the fact that,

in the Esk between Castleton and Lealholm, the ratio of
meander-belt width M to meander length M, is just less

b
than unity, whereas for a late-mature river the ratio is

commonly about three.
Rates of Erosion

The remnants of terraces in Blea Hill Beci: Just above the
confluence with May Beck and the large boulders and deserted
meander loops in Rutmoor Beck just above the confluence with
Blawath Beck point to a comparatively rapid retreat of the

waterfalls over the Moor Grit and Gmy Limestone Series. This



indicates that, where a strcaa is split into two tributaries,
the erosive power of the pair of streaws in the vicinity

of the confluence is greater than that of the united
streams. The apparent eflfect is only local in these parti-
cular cases but it raises the important issue as to

whether the erosive power of a number of small streams is
greater or less over a given area tﬁan that of a single
stream over the same area.

Uni-lateral Erosion

Uni-lateral erosion by a stream occurs where it flows
along, or nearly along, the strike of rocks and the direc-
tion of lateral movement is towards the up-dip side of the
valley. The phenomenon depends on the relative stability
of rocks at the exposed faces on the up-dip and down-dip
sides of the valley and the ratio of uni-lateral to verti-
cal erosion is governed partly by the magnitude of the dip
and the lithology of the strata. Uni-lateral erosion is
exhibited in upper Sleddale and middle Baysdale.

The Baysdale-Sleddale Fluvial Conmplex

Evidence has been examined which points to the fact that,
before’fleading at Kildale, the Esk followed the course of
lower and middle Baysdale Beck. At that time upper Sleddale

Beck connected directly with middle Baysdale Beck and
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Whiteley Beck/Coummondale Beck was an independent stream
following its present Jeneral course. Lounsdale Beck
was probably a tributary of upper Sleddale Beck. Sub-
sequently, the Leven captured Lounsdale and Sleddale
Tecks by headward erosion. During the Last Glaciation,
the formation of an overflow channel from Glacial Lake
Zildale led to the ultimate re-capture of Sleddale IZeck
by the Esk system through Co.mmondale Beck.

The General Pre-Glacial Course of the Lsik.

Trom Canstleton to the Lealholm moraine the pre-Glacial
course of thelsk was rouchly beneath the present course but
it was north of the present course at Crunkly Gill., Fron
Lealholm to Glalsdale the early course was little different
from the »nresent., At Glaisdale it followed a course
north of the two gorges and this northerly disposition
persists al.uost as far as Sleights where the pre-3lacial
Es’t turned northwards to the sea. The channel north of
3leights was partly or wholly blocked by drift during the
Larly and Antepenultimate Glaciation and a new channel
was excavated in the Great Interglaclial Phase between
Sleights and Ruswarp where it turned northwnrds to the sea.
This course was probably followed also in the Last Inter-

Glacial Phase but during the Last Glaciation it was blocked



by drift and the present channel was cxcavated along
the Vhitby Fault.
Characteristics of the Tributary Dales

The slips at the heads of Glaisdale, Great and Little
Fryup Dales, Danby Dele and Westerdale are due primarily
to headward erosion and down-cutting of the streams.
Headward erosion is accentuated by a large moor-top
catchment, numerous channels for speedily concentrating
the run~off at the dale head and steep gradients to yield
high velacities.

The saddle and knoll between Great and Little Fryup
Dales, in association with the equal widths of these
dales, suggests the capture by Great Fryup Beck of the
catchment of a major bifurcated tributary of Little Fryup
Beck.,

The sand and ~travel-filled saddle to the east of The
Howe at the lower end of Danby Dale represents the
mouth of an early valley excavated by a stream flowing

roughly parallel to the present Danby Beck. The ridge

between the two valleys was eventually completely removed

and the catchment of the stream was almost entirely

transferred to Danby Beck.
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The present headwaters of the Esk in Westerdale originally

flowed northwards to join the main river in the present
lower reaches of Baysdale Beck. The adjacent Tower Beck
flowed through the gorge created by the trough fault at
the mouth of Westerdale and just upstream was entrenched
in the Lias so that a tributary flowing from the south-
west was able to effect headward erosion rapidly by under-
cutting the Dogger and in this way capture the Esk head~
waters.
Twin Parallel Streans

The twin parallel streams of Cleveland are considered
to have been initiated by water flowing in contact with
an ice margin which retreated in stages laterally across
depressions in the sub-glacial surface - commonly follow-
ing drift filled pre-Glacial valleys - and that the water
which established them was derived principally from
glacial lakelets. These streams represent the last
stages of drainage of the lakelets.
History of the Development of the Esk
By comparison with the longitudinal profile of the present
Eslc between Castleton and Lealholm it has been shown that

the exponential curve of decay fits the equilibrium profile
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of a river, or part of a river, within tolerable limits.

The history su.mrrized below has been determined by re-

constructing lon~itudinal profiles of the main river

and tributaries, during various stajes in the developaent

of the systei, based on the assumption that the equili-

brium profiles had been attained in the portions of the
streams under review. The stages in the development are
as follows:

(a) Grading of the middle and lower Esk to sea-level
at about 0.D in early pre-Glacial time.

(b) Conteumporary with (a), grading of the Esk between
Castleton and Lealholm to the Dogger local control
at Lealholm,

(c) Rejuvenation of the lower lisk up to Glaisdale
by a reduction in sea~level to about -150 ft. b.0.D.

(d) The rejuvenation of (c¢) was probably accompanied by
the middle/upper Esk breaking through the Dogger
at Lealholm.,

(e) Partial filling of the valleys with Boulder Clay dur-
ing the Early and Antepenultimate Glaciation.

(f) During the Great Interglacial Phase, re-opening of

pre-Glacial course from the headwaters to Sleights



where Boulder Clay filling led to a diversion of
the estuary into the inter-Glacial valley pastRus-
warp, graded to a sea-level of about ~150 ft. b-0.D.
This course was followed also after the Penultimate
Glaciation.
(g) More extensive filling of the valleys with Boulder

Clay during the Last Glaciation.

(h) Re-opening of the Eskdale System with diversions due
to moraines and Boulder Clay filling.

(i) Grading of the immediately post-Glacial Esk to sea-
level at -65 to =95 ft. b.0.D.

(i) Rise in sea-level to the present position.

Several problems which are wholly or partly unsolved
have been revealed in this thesis but the following thiee
topics are suggested as suitable for independent studies:
1. A couplete investigation of meandering in the Islidale

System, in which records of discharge, bed-material
and bed-load are obtained.

2. A study of valley shape, with particular reference to
the strength of the strata. Laboratory tests for
strength of rocks would be required and the effects of
rain-wash , deposition of debris in the valley bottom

and other fectors should be taken into account in the

22



final analysis of form.

Further studies of mothematical and nctual eyuilibrium
profiles, incluling the possible eflccts of r»-ional tilt.
Confirmation of the universal suitabilitr ol the exponential
curve of decay anc analytical techniques based on it would

place a powerful tool in the hands of peomorphologists.,
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