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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 

Lias into the Lower Lias. Meandering commences nearly two 

miles from the source and this persists, thougb 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 fro~ view-points high on the valley sides 

at the head of the dale. In about the last mile to the Esk, 

Danby Beck passes over the Middle Lias, 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 b~ 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 



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 Chppter V. The tributary Tower or Whyett Beck in the 

eastern limb of Westerdale rises at about 1,285 ft. in the 

Lower Estuarines, descends 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 Lias. Downstream 

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~o 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 
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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 accoun~ 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 in 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 thir,d time. Like 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. - the h,ighest'altitude of any of the sources in the 

Eskdale system - although Black Bagg 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 Westeraale should.be 

regarded as comprising the headwaters of the Esk. However. 

if the course of the Esk shown on the Ordnance maps is . 

followed from inside Westerdale to the estuary at Whitby, it 

12 r'~ 



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 Westerda1e. It should 
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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 (Fi5.23) 

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 fDrm 

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. 

~een 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 

Lias, the immediate valley sides are steep and in a length 

of about a halt-mile it flows in a narrowly wooded gorge with 

cliffs in the shales up to about 80 ft. high. In spite of the 



128 

steep banks there is a relatively flat valley tloor averaging 

20 to 30 ft. in width. This is an illustration 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 trom about one mile 

to a half-mile above the confluence with Black Beck. Some 

elementary meanders are seen in~e lower one mile of Grain 

Beck. Black Beck rises at 1,220 tt. in the Lower Estuarines 

and its characteristics are similar to those of Grain Beck. 

For a distance of about one mile below the confluence 

otGcainBeck with Black Beck there are alluvial flats, meanders, 

a tew 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 ot 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 

inaeased 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 cliffs - 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 

aeanders. 

~leddale 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 ft. 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 
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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-

mente 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 



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 
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an exposed face. Vlliilst 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 

easi~r 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 ~e 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, sudb 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 isundulati..n;and often rough. The tendency touards 

meander formation increases steadily from the confluence 

downstream to the Esk. The gradient is practically the same 

as that in the second-half of the glacial overflow channel 
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so that meander formation is probably due largely to the 

increase in energy of th'e 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 railway 

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 

of a terminal moraine but according to Kendall (1903) it is a 

deltaic plateau and this must have been consider~bly eroded 

to reduce the flat top to its present narrow width. The 

available evidence does not, in fact, support any suggestion 

that this~ature is a moraine. Thus, for example, Boulde~ 

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 Just 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 miles downstream of the source, with 
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occasional 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 

1s 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. Theundulati~gvalley sides in this length are 

largely covered with glacial gravels although the stream is 

cut in Boulder Clay. The valley opens out just 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 Bowls1ke and probably elsewhere. Immediately after 



the confluence with Baysdale Beck the river is roughly 15 ft. 

wide and 8 ft. deep from bank top to bed but these dimensions 

increase 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~ mile 
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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 bends elsewhere. 

Beyond the alluvial belt, rough" ground can be seen in Bome 

places -tor example, between Litt~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 

just 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 60.0 to. 900 ft. The river averages about 50 ft. 

between the bank tops and hence the meander belt width Mb 
varies between 6 Wand 24 W, being most commonly 12 W to 18 W, 

where W is the stream width. The maan~er length Hl is generally 

slightly more than Mb. From data given by Inglis (1947) it 

appears that in flood plains Mb is of the order 3 Ml 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-

~es in the meander pattern. Nevertheless, Mb lies between the 

limits of 10 Wand 20 W which are commonly associated with early 

maturity. However, the age of a river or part or 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 
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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 practically 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 Bou~er 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 

quarter-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 ot the 

gorge are shoals ot ooarse material. In the eastern half of 

East Arnecliffe Wood is a high-level overflow channel -

bel~ed by the writer to be hitherto unrecorded. It follows 

the directional trend of the present Esk in the upper halt ot 

the gorge and is about 150 ft. above the present bed but 

descends very steeply to the alluvial flats above Egton Bridge. 



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. 
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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 Lias. There are some 

intermitt~nt 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 men 

developed by the Esk cutting laterally 1n 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 

cliffs which, in effect, constitute a short, wide gorge. 

The Esk is tidal from the weir at Ruswarp. 
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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 disp~tion of the beds and, indeed, structure 

and lithology are admirably reflected 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 ot the tributary dales, the 

origin of twin parallel streams and the pre-Glacial profile 

of the main river. 

The Baysdale-Sleddale Fluvial Complex 

The lower half of Baysdale Beck and the mi.ddle part ot 

Sleddale Beck appear to follow anomalous courses. Ba.ysdale 

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

t·t 2 



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 Back 

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 Esk 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 notch at just over 1,000 ft. on Warren Moor or a 

similar notch at about 1.025 ft. on Battersby l-loor. An early 

tributary drainage pattern can be fitted to this course for 

the main river in the following way. The upper north-weot 

to south-east section of Sleddale Beck can be projected south­

eastwards through a notch at just above 900 ft. between two 



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 Noor 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, ronstituted 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 Vlliiteley 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 I'lhiteley 

Beck followed the middle section of the present Sleddale Beck 

for some distance in order to form the notch 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. 



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 ~apture 

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 

1~5 

of Kildale. It is ac~pted 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. Bere again one has 

to rely on the general pattern ot streams in the area. One 

or other of the two notches at a little over 900 ft. on Kildale 

Moor on the north watershed ot Baysdale Beck lend waight to 

the suggestion that Lounsdale Beck connected directly with 

the Esk just below Baysdale Abbey, although these notches are 

• 
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