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Notes on the Hole of Horcum, Saltersgate,
North Yorkshire.
II. THE GEOLOGY AND ORIGIN OF THE HOLE
OF HORCUM.
By FRANK ELGEE, Ph.D.
(Plate 6 and 3 Text Figures.)
The Hole of Horcum, that unique feature of the Eastern Moorlands of Yorkshire, lies
alongside the Whitby road eight miles north of Pickering. From the road we look down into
an irregular oval hollow about two-thirds of a mile wide from east to west, half-a-mile wide
from north to south, and up to three hundred feet deep. It is sunk in a plateau of heather-clad
moors, which descend its western and northern slopes to the right bank of Levisham Beck.
This stream rises in the north-east angle of the Hole, and flows in a south- westerly direction
down its floor, ultimately to fall into Pickering Beck in Newton Dale. On the north, a narrow
ridge separates the Hole from the steep escarpment of the Tabular Hills, that great southern
rampart of the moors which ranges from Scarborough in the east to Black Hambleton in the
west and which, north of Horcum, attains an altitude of 950-900 feet. From the escarpment
edge the Tabular Hills decline gently southwards to the cultivated region round the villages
of Lockton and Levisham.
The Hole of Horcum arouses wonder in all who contemplate it. I vividly remember my first
visit on a warm July day in 1906. From its heathery verge,
" I gazed and gazed, but little thought
What wealth to me the show had brought."
At that time its origin more particularly interested me, a problem over which I pondered
for long afterwards and which I solved one winter's afternoon when, amidst a city's
gloom, the Hole flashed upon my inward eye and revealed its secrets.
Nor had I been the first to puzzle over the Hole. For on the same July day, the maid
of the old Wagon and Horses Inn at Saltersgate at the escarpment foot explained it
thus.
Long ago a witch thereabouts sold her soul to the devil. But when he came to claim
it she fled on her broomstick over the moor, he in hot pursuit. Unable to catch her,
he tore up a handful of earth and flung it at her. He missed her and she escaped.
You can still see the Hole of Horcum whence the earth came, and the hill, Blakey
Topping, two miles to the east, where the earth fell. You can still walk along a
rough moorland track, the Old Wife's Way, above which they flew from the Hole to
the hill!
As the head of a river valley Horcum is decidedly abnormal. If we follow
Levisham Beck downstream we find the Hole gradually narrowing into a gorge
with steep sides to a depth of about 260 feet and a width from brink to brink of
about a quarter of a mile, until between the villages of Lockton and Levisham

perched on the top of either bank, it widens somewhat as it swings westwards and
then again southwards to its junction with Newton Dale. Now most valleys on the
Tabular Hills and the Eastern Moorlands are narrowest at their heads and widen
more or less uniformly downstream. Why then should Levisham Beck rise in an
amphitheatre? And why, after leaving that amphitheatre, should it flow through a
gorge?
These were the problems that so long perplexed me, and of which I gave a brief
explanation in my Moorlands of North-east Yorkshire (1912, p. 216). Here I shall
deal with them more fully and with greater knowledge.
Geologically, the Hole of Horcum is an inlier of Kellaways Rock and Oxford Clay, the
two lowest and therefore oldest beds of the Middle Oolite formation, which, together
with higher and younger beds, build up the entire range of the Tabular Hills.

The Kellaways Rock [Named after Kellaways Bridge in Wiltshire where its
peculiar fossils were first observed by W. Smith, the " father of English
geology."] forms the floor of the Hole. It consists chiefly of a massive brownish
yellow sandstone with intercalations of softer strata, all of marine origin and
often very fossiliferous. In the Hole the rock is not well seen though the massive
sandstone crops out above the right bank of Levisham Beck. But a mile northwest a complete section occurs at Huggitt's Scar in Newton Dale. [C. Fox-Strangways,
Jurassic Rocks of Yorkshire, Vol. 1, p. 283. Memoirs of the Geological survey,
1892.] Here the rock is at least 80 feet thick so it must be about the same in Horcum.
Between the top of the Kellaways and the base of the Oxford Clay there intervenes
a bed of shale about 20 feet thick overlain by sandstone about 10 feet thick. The
outcrops of both these strata are shown on the map. They are transitional deposits,
for we may regard the sandstone either as an intercalation in the Oxford Clay, or the
shale as an intercalation in the Kellaways Rock.

The Oxford Clay [The old " clunch clay " of Smith and largely developed in the Oxford
district in Jurassic Rocks of Yorkshire, Vol. 1, p. 292] outcrops about mid-way up the
slopes. It is a grey, sandy shale with a thickness of about 70 feet and contains far fewer
fossils than the Kellaways, often very badly preserved.
Upwards the Clay gradually changes into the Lower Calcareous Grit forming the
topmost, slopes of the Hole and the surface rock of its encircling moorland plateau.
Strictly speaking this rock is not a true siliceous grit but a yellowish calcareous
sandstone, usually about 130 feet thick in this region. Where it merges into the
Oxford Clay it becomes decidedly shaley. Its upper layers are sandy with lines of calcareosiliceous nodules or " doggers." Below these there runs a hard siliceous stratum, rarely
more than a yard thick but which, where the softer beds above have been worn away,
gives rise to the characteristically flat-topped aspect of the Tabular Hills.
In some features the Grit resembles deposits now accumulating near coral reefs.
[Jurassic Rocks of Yorkshire, Vol. 1, p. 306, 398] Indeed it heralds the Corallian
series of the Middle Oolites, so well-developed on the lower levels of the Tabular
Hills south of Horcum. With that basin, however, they have now no direct connection
though on either side of the Levisham Beck gorge they begin to appear.
First we have four small outliers of the Greystone or Passage Beds, so-called because
they mark the passage of the Grit into the lowest !comber of the true Corallian rocks,
the Lower Limestone. The Beds, rarely more than 40 feet thick, are very variable. To
the east they are almost a true grit of great hardness and as a consequence have
weathered out into that fantastic group of rocks, the Bride-stones. The our outliers on
the other hand consist almost entirely of thin sands or sandstone fragments just above
the Lower Calcareous Grit. Further south the Passage Beds become thicker and more
calcareous until at Lockton they are actually a hard bluish limestone.
The Lower Limestone outcrops above the Passage Beds on either side of the gorge
immediately east of Levisham. An old quarry west Levisham the junction of Levisha Beck
and Black Griff reveals an oolitic limestone rubbly at the top, more solid at the base.
It is beyond the scope of this paper to describe the fossils of the Horcum rocks even if
the Hole had been a good collecting ground, which it is not. I may however refer to the
conditions under which they were deposited.
The Kellaways Rock seems to have accumulated along a coast-line which cannot have been
far north of its most northerly -outcrop on the moors north of Eskdale. South-west of the
Hole the formation thins out until it is represented by a few feet of sand in the Howardian
Hills. [Jurassic Rocks of Yorkshire, Vol. 1, p. 396] Its abundance of marine fossils,
especially ammonites and lamellibranch molluscs, testifies to favourable life conditions in
comparatively clear water.
Then the Kellaways sea slowly deepened, probably owing to subsidence of its bed, and
muddy currents began to stream into it and deposit their sediment on top of the sands until
what is now the Oxford Clay was formed.
Again the sea slowly cleared and the sandier Calcareous Grit accumulated, possibly in
shallower waters bordering coral reefs. Still later the warm waters of a sea studded with
such reefs rolled over the site of the Hole of Horcum.

Vast periods of time were to elapse before the Horcum rocks became land. And when at
last they were uplifted they were deeply buried under strata, of which the uppermost
member was the Chalk. Yes, the Chalk with its snowy mantle once covered not only the
site of Horcum but the whole of the Eastern Moorlands. [The evidence for this
extension of the Chalk cannot be discussed here. See my Moorlands of N.E.
Yorkshire, p. 200, and F. R. Cowper Reed's Geological History of the. Rivers
of East Yorkshire, Cambridge, 1900, for details.] During the tens of millions of
years that have passed since its upheaval the ever-working forces of denudation, rain,
frost, snow, rivers, springs, have bit by bit carried the Chalk away into other seas and
worn it back to its present outcrop on the Yorkshire Wolds. Similarly the rocks lying
between the base of the Chalk and the top of the Lower Calcareous Grit —the
Kimmeridge Clay and the Corallian—extended more or less over the moorlands and
have similarly been denuded.
Thus rocks, like the Chalk, that have been longest subject to denudation have been more
thoroughly removed than those, like the Calcareous Grit, which have been subject to it
for far shorter epochs. But throughout all these ages harder rocks have resisted
denudation more effectively than softer rocks. The work still goes on, and in it we have a
key to the problem of the Hole of Horcum. For here, as in every case of erosion, the
resulting land-form arises from the structure, inclination, and nature of the rocks
combined with the particular erosive agents that have attacked them.
When the Horcum rocks became dry land, they were uplifted higher in the north than in
the south. The Lower Calcareous Grit clearly reveals this inclination. On the escarpment
edge at X on the map, the base of the Grit reaches a height of 800 feet above sea-level.
Due south of this at Y on the north side of Horcum it has declined to 675 feet, whilst at Z
on the south side it stands at 600 feet. Still further south at 0, it has sunk to 400 feet.
Thus in one and half miles the Grit dips 400 feet.
Where rock sections are exposed along the course of Levisham Beck this dip is observed to
vary from 5-10 degrees from the horizontal. Moreover it prevails throughout the Tabular
Hills, being the cause in. fact of their gradual slope from the escarpment edge southwards.
If we now we look at the section AB across Horcum we find that the strata also dip
inwards from both its east and west sides. Again the base of the Grit reveals this very
clearly, for on the east side it reaches 750 feet 0.D., on the west to about 650 feet.
Still further west on the escarpment above Newton Dale it rises again to about 750
feet. In other words Horcum occupies a denuded trough or syncline as indicated by the
broken lines in the sectional diagrams. In my earlier account of Horcum I was
unaware of this syncline, nor have I found any reference to it in any local
geological work.
This syncline is also the cause of that wide, shallow depression which is such a distinct
feature of the ridge between Horcum and Saltersgate. Viewed from the north it makes a
concavity in the usually even skyline of the escarpment (see Section). Above Saltersgate
the base of the Grit stands at 750 0.D., whence for half-a-mile east and west it dips
upwards to 800 feet. We are obliged to use the base for these measurements because
though the Grit is the surface rock of the depression, this surface does not, owing to
erosion, necessarily coincide with the top of the Grit, apart altogether from any variation
in its thickness. Actually the Grit is about 75 feet thick underneath the

floor of the depression, which lies at an elevation of 825 feet O.D. But on the
moor to the east, the Grit still forms the surface at 950 feet. Its thickness here must be very
nearly 150 feet, its maximum, whereas in the synclinal depression erosion has reduced it to
half.
The gorge of Levisham Beck also occupies the syncline but here it is shallower
(Section CD). I have not worked out its further trend though it most probably
flattens out south of Section EF.
What rocks overlay Horcum when this syncline arose we do not know. Judging from
the outliers on either side the gorge, it is practically certain that the Passage Beds
and some of, if not all, the Corallian rocks did so. But to explain the origin of
Horcum we need not go further back than the time when the Grit and its two
underlying formations extended over the Hole. With the Grit at the surface there would
then be a basin rather wider than the Hole and with its sides gently sloping down to a depth of
not more than 100 feet. The basin (and also the escarpment edge) certainly extended further
north and its longer axis ran approximately from north to south with perhaps a
south-westerly trend over Horcum.
Into the basin there drained all the surface water of its slopes to form a stream on its
floor, Levisham Beck. At the same time the slope drainage canalised itself into tributary
streamlets, no doubt on the same lines as those that now join the Beck. They came in
chiefly from the north, originally down the longer and stronger southerly dip slope.
There is one from the west and two seem formerly to have flowed in from either side of
the spur east of Low Horcum farm.
At this stage the Beck and its affluents must have somewhat resembled Horness Griff
on Levisham Moor west of the Hole. A small stream drains southwards down this
Griff and into it from the west flow four smaller streams each in its own little Griff.
All the Griffs cut into the Grit; all have very steep, often vertical banks, 30 to 40 feet
high and in places only a few yards wide. In summer, owing to the porosity of the
Grit, the Griffs contain little or no water but in winter and during heavy rains they are
scoured by turgid torrents which grind their pebbly and stony beds deeper and deeper
into the solid rock.
In course of time the Horcum streams gouged out similar " griffs " right down to
the base of the Grit. Next they began to trench the underlying Oxford Clay. But as
this is a far softer rock their erosive power was greatly accelerated both vertically and
laterally. Torrential floods would tend to undercut the banks until the overhanging Grit
crashed into the streams, to be borne away piecemeal and to furnish an endless supply of hard
grinding material. The gorge of Levisham Beck where this has penetrated the Oxford Clay
gives a good idea of this stage but without tributary ravines as in Horcum.
With the exposure of the Oxford Clay another erosive agent came into action. As already
mentioned the Grit is permeable; water readily soaks through it to accumulate above the
impermeable Oxford Clay. As soon therefore as the junction of the Grit and Clay was
exposed, the underground water started to ooze out generally, and here and there to gush out
more powerfully as springs along the stream banks. And because underground water
descends dip slopes we can easily see how in Horcum with its rocks dipping inwards from
north, east and west, this water would escape more abundantly and freely than if the dips
had been outwards.

All round the Hole the junction of the Grit and Clay is still marked by a belt of wet land and
springs. On the east side fields on the Oxford Clay outcrop are traversed by many parallel
furrows, most probably eroded by spring and rain-water draining down the slopes.
Such erosion must have been ever active in wearing out the Hole. There might also be a
tendency for the Grit to slide down the dip slopes of the slippery, wet upper layers of the
Clay and to fall into the valleys, especially when these were narrower. Of such landslips
there now appears to be no trace on the slopes.
Thus with the exposure of the Clay, so readily eroded by streams, springs and rain-water, the
original " griffs " became wider and wider as more and more rocky material was carried
away. The ridges between them grew narrower and narrower until the only evidences they
have left of their former existence are the broad Grit-capped nabs that project here and there
into the Hole.
That the extensive exposure of the Oxford Clay to erosion has been the chief factor in
the making of Horcum becomes obvious when we contrast the Hole with the Levisham
Beck gorge. For as this narrows the Clay outcrop decreases in width. It decreases for two
reasons. First, because, unlike Horcum, there are no tributary streams. Those that might
have entered the gorge from the west have all been intercepted by Horness Gruff.
Second, because the southward dip ultimately brings the harder Grit itself down to
stream level along a distance of very nearly a mile. Furthermore the Beck has had to cut
down through higher strata, the Passage Beds and the Lower Limestone, as well as the
Grit, before reaching the Clay. Where this does crop out in the upper part of the gorge,
spring action has not yet been able to make itself felt whilst where the Clay does not
crop out in the lower part of he gorge there are no springs whatever. All these causes
worked together to confine Levisham Beck in a narrow gorge after leaving Horcum,
whereas in Horcum itself every cause—the greater depth of the syncline, the dip of the
rocks, the presence of tributaries and springs ell gnawing at the Oxford Clay—led to an
ever-widening enlargement of he valley head.
After the removal of the. Oxford Clay, the Horcum streams began to flow over the
Kellaways, but as this rock is harder, their downward cutting power was at once retarded. Nor
has sufficient length of time elapsed for erosion to have worn away more than its upper
layers.
The excavation of Horcum and the stream transport of every particle of rock that
formerly filled it through the Levisham gorge must have taken hundreds of thousands,
perhaps millions of years. During these years the rate of erosion must have varied with
the climate, being swifter in wet, and slower in dry epochs. Before the oncoming of the
Ice Age, half-a-million or so years ago, Horcum's main features had already been
shaped. During that Age it lay outside the glaciated area of North-east Yorkshire, and
consequently it was never buried under ice. Nonetheless deep snows must often have
fallen upon it, the thawing of which must have caused much erosion whilst severe frosts
must have everywhere shattered and splintered the rocks. Both agents would be all the
more effective on account of the more or less complete absence of vegetation.
With the passing away of the Ice Age, Horcum, aided and abetted in later times by man,
gradually acquired its present plant carpet. Though this carpet checks erosion,
nevertheless the attrition of the rocks rarely ceases. Silently and imperceptibly the Hole
is continually being enlarged by the combined action of rains, springs, streams, frosts

and snows. Now and again violent rains or cloudbursts effect more erosion in a few
hours than normally takes place in decades. In May 1910 torrential rains gashed two
miniature chasms in the Grit on the northern brink of the Hole, [Information supplied
by Mrs Macklay, of Low Horcum, per Mr R. J. Flintoff.] chasms which
significantly enough lie on either side of a spur and which lead down to the headwaters
of tributary streams. Erosion therefore still works along lines initiated in Horcum's
infancy. In ages to come the stream heads will eat back and back into the escarpment
ridge until when this in its turn is worn away, the Hole of Horcum will no longer exist as
a basin.
In conclusion, I wish to thank Mr R. J. Flintoff, of Goathland, for requesting me to write this
article, for the excellent photographs which he had specially taken to illustrate it, and for his
generous help and encouragement.

