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Gordale Scar versus M alham Cove — further observations on these iconic
landforms

P J Murphy. School of Earth and Environment, University of Leke82 9JT, U K.

The origins of Malham Cove have been a subject of debateaioy years,
with variety of possibilities having been proposed, recentipnmsrised by Waltham
(2017). The sheer scale of the feature has ensured its nigpelzer since the early
years of tourism (Haliwell, 1979) and the recent appearahegemporary waterfall
in December 2015 brought debate on the origins of the site &dtémtion of the
popular press. Gordalec&®; however (Fig 1), has received less attention over the
years but attempts to explain the origins of Malham Cowen®nly pivot on the
similarities and differences of the two sites (e.g. Mur@yl6). The two landforms
have much in common, each having a fault-aligned vadeagilg to a deep, natural
amphitheatre upstream of the Middle Craven Fault. Theitiggesirelative to the
Middle Craven Fault suggest that the amphitheatresettgat features that originated
on the fault line and then migrated northwards due to heddevasion. They differ
in that Gordale Scar now has its stream incised thrcwgthdight of the
amphitheatre.

Four possible explanations have been proposed to account foiffeéhende
between the two landforms. Firstly, Gordale Beck has magdaa surface flow,
whereas the Watlowes valey above Malham Cove hasdodtainage underground
(Gunn and Kely 2017). The underground flow in part resurgelse dtdse of the Cove
where an extensive submerged cave system has beeréx(@urdingley 2017).
There are, however also springs at Gordale Scar; thes@ eamsiderable amount of
water (Hil and Hall 2015 p.119) and during an exceptional drooghB899 surface
flow ceased through the scatd “disappeared in the stream bed about a quarter of a
mie above the scar waterfall” (Howarth 1900 p20). A dye trace undertaken using
approximately 360 kg (seven hundredweight) of ammonium sulfated dadd&ordale
beck where it is crossed by Mastiles Lane (SD 91106555). This dhivaethe
springs were sourced from the upper reaches of Gordale (Bewkarth 1900)
suggesting that the conduit behind the springs is imenabut can accommodate all
the avaiable flow during times of severe drought. Thiswshthat there is some
conduit development associated with Gordale Scar as well dsettiatl Malham
Cove.

Secondly, a suite of minor faults exposed within the canfiokGordale Scar
(Fig 2) might have aided more rapid incision and no compargbltures are present
at the Cove.

Thirdly, it may be that Malham Tarn has acted as angetihnk, removing
much potential abrasive material from water reachirg Gbve (Pitty et al. 1986),
whereas a constant supply of abrasive clastic mateni@need stream erosion by
Gordale Beck.

The fourth suggestion proposed by Clayton (1981) is that ddeggaciation
the Malham Tarn basin drained subglacially via Gordalek Besfore the Watlowes
valey was deglaciated and while the underground drainagesrwere stil blocked,
the enhanced flow resulting in the greater incision.

At both sites the natural amphitheatres appears to hawsagsm largely
separate from that of the valleys upstream of them. iZbeo$ Malham Cove and the
typically glaciated parabolc profie of the valey downstreaf the cliff suggest an
origin that owes much to glacial erosion. Quaternary lieets traversed the



imestone plateau from Littondale before descending thie daarps around Malham,
but their paths have no expression on the high ground, whemodern valeys are
clearly fluvial features. The ice moved southwards owemMiddle Craven Fault
scarp, and either trimmed, modified or excavated the clife valey below the Cove
is over-deepened to produce a bedrock bowl that is now partly fikkdsediment in
front of the cliff. The present water level in the floodeaissages behind Malham
Cove § maintained by this sediment fll, and the age of a ndwreuged speleothem
from within the cave shows that 27.3 £ 5.6 thousand years adevil of the rising
was at least 2.4m lower than it is now (Murphy and LatH20@1). This confirms that
the step in the landscape pre-dates the Devensian iglaciatven if it was not exactly
the same shape as the modern Cove prior to modification fybtequent phase of
ice cover. A similar glacial origin therefore seerkeli for the amphitheatre at
Gordale Scar, which by analogy, probably also predates thddattign.

There is however a feature seen at Gordale Scassthat seen at Malham
Cove,in that the deeply incised valley dissecting the amphithest sinuous where as
both the valley upstream from the scar at Gordale andWésl Valey upstream of
Malham Cove are strikingly linear features. One possigidaextion for this
sinuosity may be an origin as an incised meandles. sinuous nature of the thalweg
canclearly be seen in the photo afire 3 where the eastern wall of the scar appears
to form a gooseneck-like feature. The sinuous nature otémenel may account for
the asymmetry of the gorge profie at this point noted &strdted by Clayton (1966
fig.2 and caption). The sinuous nature of the channel nthahshe waterfall where
Gordale Beck pours through the Hole in the Wall and down tve acfa bank, and
the now inactive tufa banks up which the public footpathbslj are hidden from
view when the amphitheatre is approached from the soigh1(f- An origin as an
incised meander would require down cutting to have occuagidiy enough to
curtail lateral meander migration, a situation thaticcdwave arisen due to a large and
rapid fal of base-level. Such a fall in base level couldlleto a variety of
mechanisms, perhaps being a result of rapid back-cuttimg tihe Middle Craven
Fault scarp by an ice stream. Any explanation proposedddoitmation of Gordale
Scar and by analogy Malham Cove must not only accountdandision of the
channel through the Gordale amphitheatre but also exlailsinuosity of the
channel thalweg while doing so. The presence of an undext) drainage system at
Gordale, though apparently much less wel-developed thaméhind Malham Cove,
also needs to be considered.

References

Clayton, K, 1981. Explanatory descriptions of the landforms oMhlam area.
Field Studies, Vol.5389-423.

Clayton, K, 1966. The origins of the landforms of the Malham . &edd Studies,
Vol.2, 359-384.

Cordingley, J, 2017. Diving, Digging and Discoveries at Malham.p@hd.l in:
Haigh, D and Cordingley,), Adventures Underground. [Abergavenny: Wid Places].

Gunn, J and Kelly, T, 2017. Underground flow-paths in the Malharst, kar
England. Cave and Karst Science, Vol.44]1&and 3142.



Haliwell, R A, 1979. Gradual changes in the hydrology of therk¥hire Dales
demonstrated by tourist description. Transactions of the Britialve (Research
Association, §1), 36-40.

Hil, E and Hal, A (eds), 2015. Northern Sump Index (third edition). ¢daving
Group].

Howarth, J H, 1900. The underground waters of north-west Yorkdbaet 1. The
sources of the River Aire. Proceedings of the Yorkshire Geologitd P olytechnic
Society. Vol.XIV, No.1, 1-44.

Murphy, P J, 2016. Caves around Malham and Settle, Chapter 25 (Volume 2)in
Waltham T and Lowe D (eds)
Caves and Karst of the Yorkshire DaldBritsh Cave Research Association]

Murphy P J and Latham A G, 2001. A uranium series date from Malha
Cove Rising, North Yorkshire, UK. Cave and Karst Science, Vol.28; 1135

Pitty, A F, Ternan, J L, Haliwell, R A and Crowther, J, 1986. Kaeger
temperatures and the shaping of Malham Cove, Yorkshire-22881in
Paterson, K and Sweeting, M M (eds), New Directions in Karstjigh, Geo
Books].

Waltham T 2017. Malham Cove: splendour and enigma. Geology Today. Vb), 33(
32-40.
Figures:

Figure 1: Gordale Scar as viewed from the south. The falatend tufa banks are
hidden from view.

Figure 2: A vertical fault exposed above the waterfathimv Gordale Scar.

Figure 3: Looking down into Gordale Scar from the westenk.fid’he sinuous nature
of the channel thalweg can clearly be seen.



