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- INTRODUCTION

The Qchil Hills, running northeastwards from the Forth
at Stirling, to Tentsmulr cn the North Sea coast, are the most
impressive and most extensive of the several uplands which
diversify the Central Lowlamds of Scotland (Fig. l). Separating
Strathmore from the coalflelds and agricultural lowlands of
Clackmannan, Kinross and Fife, for much of their length they
offer & formidahle barrier to north-south communications, only
two really good roads crossing them in a dlstance of some
twenty-five miles. In the west, the hills rise from the flat,
near sea-level carselands of the Devon 1in one of the most
magnificent escarfmentssin Britain, reaching heights of 1,600-
1700 ft. above sea-level in one unbroken slope (Photograrhs
1l and 2). In the east, beyord Glen Farg, they deteriorate
into a "tail®" of low, isolated hills: +this area has not been
included in the present stuly. The width of the range varies,
fran ten mlles in the west, to less than five in the east. In
the west are the highest summits, culminating in Bencleuch at
2,363 ft. 0.D., and enclosing the deep valley of Glen Devon.
Further east, although the Water of May occuples a deep, longi-
tudinal valley, there is no development of an independent
drainage system comparable to that of the Devon and its tribu-
taries, and ﬁhe hills became a relatively simple divide between

dreinage to the Earn and to the Firth of Forth.






Surrounding the Ochils, which are completely isolated
from neighbouring hill-masses, are a rnumber of broad lowlands -
on the north, Strath Allan and Strath Earn; on the south, the
Lower Devon Valley, and the low Clackmamman Plateau¥, fhe Plain
of Kinross, and the Howe of Fife (see Fig. 1). 7These contrast
with the hills in many respects: while much of the contrast is
due to the difference in altitude ard relative relief, it seems
also to reflect differences in rock type, and in the effects
of glaciation. Thus most, but not all, of the lowlands are
developed on sedimentary rocks, probably of lower resistance to
denudation than the andesitic lavas, tuffs and agglomerates
of the Ochils; eand all are characterised by thick and exten-
sive fluvio-glacial and Raised Beach deposits. The hills,
although on the whole not heavily glaciated, as compared with
parts of the Highlands, nevertheless show more evidence of the
erosive power of ice. |

The position of the Ochlls, extending for some distance
along the Midland Valley, their upstanding nature, and the
evidently greater age of their lardforms, as a whole, as com-
pared with those of the surrounding lowlands, suggests that
they may retaln evidence of stages in the development of the
larmdscape which have largely disappeared from the lowlands. The
identification end description of such stages may be expected

to explain some, if not all, of the existing landfomus.

* This name has been given to the area of low altitude, lying
between the carselmds of the Devon and Forth, extending
eastwards to the Cleish Hills.

e e A ta
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Such an account can hardly be complete - inevitably much of the
evidence must have been destroyed - but enough may remain to
make a study of the geomorphology of the area of value. Con-
sidered in relation to their wider setting, the Ochils may be
expected to throw some light on problems of more gemsral
interest - notably, on the nature of the initial d rainage

pattern of Scotlard, whether this consisted of NW-~SE consequent

1. 2.
streams as suggested by Mackinder, and later by Peach and Horne,
3
or of W-E consequent streams, as suggested by Bremner ard
4,
Lirton.

Abundart evidence remains of the modifications of the
landscape due to the ice-sheets of Pleistocene times, parti-
cularly of those assoclated with the withdrawal of ice-fronts
from the area. The pre-glacisal drainage pattern was temporarily
disrupted, and has not been entirely re-established in some
areas, the deposition of enormous quantities of sands and
gravels having largely obliterated iﬁ. The description and
explanation of these features must inevitably indicate the
probable lines of advance and retreat of the ice-fronts con-
cerned, and may well contributeito the understanding of the
period over a wider area.

Published material on thqbchil Hills is limited, and
no complete study of the area appears to have been attempted.
Most writers have been concerned, not so much with the hills,
as with the wider area of which they fom part. This is

5. 6
particularly evident in the work of Gregory, Charlesworth,
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7-
ard Simpson, all of whom consider the deglaciation of the whole,

or part of the Midland Valley mainly as it affected the lowland
areas. Certaln peculiarities of the Devon drainage system have
been the subject of more detailed investigation, but have not
been related to the development of the dralnage pattern of the
hillls as a Whole.e’g.

Memoirs published by the Geological Survey cover part
of the area, but none has been published for Sheet 39, covering
the western part of the hills. That by Sir Archibald Geikie}o.
however, deallng with Sheet 40, also contains valuable obser-
"vations on the general structure and character of the hills,
More recently Dinham contributed a short description of the
geology of the western part of the Ochlls to the account of the
geology of the district around Edinburgh, edited by Flett and
published in the ?roceedings of the Geologists Association%l.
The memoir on the Emnanic Geology of the  Stirling and Clack-
mannanshire Coalfieldlzéontains more information on the
superficial deposits of the Lower Devon ard Fdrﬁh valleys, and
various other features have been discussed in the anmal
Summary of Progress published by the Geological.Survey.

The present account is based on fleldwork carried out
during the years 1953-56, but particularly in the summer months
of 1954 snd 1955. In the course of fieldwork the detailed
morphology of the area was mapped bn the scale of 1:25,000

usging conventional symbols for various features of importance =

e.g. breaks of slope, terraces ard meltwater channels.

{
i



Details of the maps used, and of the technique of mapping, are
inciuded in an appendix.

The writer wishes gratefully to acknowledge the financial
assistance granted by the University of Glasgow, but for which
the extensive programme of fieldwork could not have been under-
taken. Grateful ackrnowledgements are also due to Professor
D.L. Lintqn, of the Unlversity of Sheffield, and to Mr. H.A.
Moisley end Dr. R. Common of the Unlversity of Glasgow, for
their advice during the preparation of the manuscript and maps.

The seriles of maps illustrating this thesis have been
bound into a separate volume, together with the relevant 1-inch
Ordnance Survey maps. Natlonal Grid references have been used

to ldentify certain points mentioned in the text.
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THE GEOLOGLCAL BACKGROUND: THE RELATION OF GEQLOGY
TO_ MORPHOLOGY

Information on the geology of the Ochil Hills is chiefly
to be found in Geologlcal Survey publications, anmd in particular
in the memolir by Gelkie on Central and Western Fife and Kinross,
published in 1900%. Although concerned mainly with the eastern
parts of the hills, covered by Sheets 40 and 48 of the l-inch
Geologlical maps, Gelikie also considers the general structure,
and some features of the western hills. The only recently
publ ished geological map of the.area is Sheet 40 (1954) the
remaining areas being covered by Sheets 39 and 48, published
in 1897 and 1893 respectively. Some é—inch maps of the ILower
Devon Valley have been published smd it is possible to consult
a number of unpublished mamiscript maps on both the l-inch and
6~inch scales in the library of the Geologiéal Survey in
Edinburgh.

The Lower Devonian andesites of which the hillls are
largely composed are arranged in a broad anticline trending
SW-NE. This appears to be of simple structure, with little
subsidiary folding. It has been truncated in the south by the
important Ochil Fault while in the north-east the crest has
been dropred by trough-faulting along the line of the Firth
of Tay arnd the Carse of Gowrie (Fig. 1) so that younger strata,
including members of the Carboniferous series have been thrown

2,
against the andesites. The oldest sedimentary rocks exposed



in the area are found lying conformably on the andesltes in
Strath Allan end Strath Earn end are of Lower Devonlan age
(Fig. 2)e They consist of cmnglomerates, sandstones and marls,
the intercalation of lava flows with the lowest of the conglom-
erates aml sendstones indicating that deposition had commenced
before vulcanicity had entirely ceased. Andesite pebbles are
found in the conglomerates.
A considerable unconformity apparently exists between
the Lower and Upper Devonian. The younger series also consists
of conglomerates, sandstones and marls. Gelkie notes that in
a quarry at the westerm end of the Firqi)of Tay downfaulted
area, the unconformity was formerly visible.s. Elsewhere 1its
presence can only be presumed, owing to the cover of super-
ficial deposits, but Upper Devonian strata appear to overlap
on to the Lower Devonlan sedimentary seriles, md in places,
chiefly in the Plain of Kinross, on to some of the lewer'members
of the volcanic series. At Monk's Grave near Powmill
(3@/010972) a small area of andesites rise through the Upper
Devonian, showirg, as Gelikie reamarks "on what an unconformable
and uneven surface the Upper 0ld Red Sendstone must be resting®4.,
Throughout the area, the Middle Devonian is missing. |
Rocks of Carboniferous age occur in the small area north
of the hills at Doon (37/140158) where they consist of sand-
stones, marls and shales forming the Cementstone groups at the
base of the serles, and to the south in the Lower Devon Valley

end the Clackmarman Plateau, where they include coal bearing



strata. Here they are disposed in a syncline running north-
south, and pitchirg towards the Ochils. The Ochilg fault

truncates the syncline, throwing the strata against the Lower

" Devonien andesites. West of Menstrie the Carboniferouvs Lime-

stone series is present, passing eastwards under the Millstone
Grit, which in turn passes under the productive Coal Measures in
the centre of the syncline, The Devon Red Sardstone, cor-
related with the Barren Red Measures at the top of the

Carboniferous, lies uncomformably on the Coal Measures between
5. '

- Alva and Tillicoultry,

The layvasjare described by Gelkle as consisting chiefly
of "the varieties of somewhat altered andesite which were
formerly included under the general term 'porphyrite‘"?. Except
on Sheet 40 the geologlcal maps show no sub-division of the
lavas, which are dismissed as "Unclassified andesites"
(Sheet 39) and "Porphyrite with occasional sheets of diabase'
(Sheet 48). More detall is given on Sheet 40, pyroxene-andesite,
Hornblende-andesite and Trachyte being distinguished, although
there still remains a category of M"Unclassed-andesite and
basalt". The andesites are intermediate to basic in character,
but mar e aclid felsitic rocks alsoc occur. Geikie remarked of the
latter; UThat they are true contemporaneously erupted livas
and not intrusive sills is proved by the abundant fragments of
then contained in the intercalated conglomerates and sandstones"?'

Oon the geologlcal maps, however, they are classed as intrusives,

notably on the revised edition of Sheet 40. Interbedded with



Photograph 3.  THE NORTHERN SCARP FACE.
The inclination of the strata may he clearly seen.
At the foot of the scarp, on the left-hand side, is a
part of the Farg fan.
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the lavas are agglomerates and tuffaceous conglomerates.
The agglomerates frequently containing very large blocks of
andesite, measurable in terms of feet, while the fragments
in the conglomerates are smallier and usually slightly water worn.
Alternation between lavas and agglomerates, etc., is probably
much more rapid than appears on the maps, and detalled mapping
would probably reveal considerable variation among the lava-
flows themselves. Such variations can frequently be picked out
in the field, emphasised by thelr varying resistance to erosion,
and are particuiarly well demonstrated along the fault-line
scarps both 6m the north and south of the hills, and in cerﬁain
valleys, especlally those of the Hillfoots streams* (Photographs
1l end 3). |

A number of dykes occur within the hills: thelr effect
on relief is generally negligible (Fig. 2).80ome are picked out
by gullies in the valley sides: where the dykes are metal-
liferous such gullies have been enlarged by mining activities =
en example of this may be found in the Glen of Sorrow, near
Dollar - but the more gently sloping upland surfaces are cut
indifferently across them. It may be assumed that these

surfaces are of later date than the dykes, but the age of these

* The Hillfoots stresms are those draining south tocthe
Lower Devon. At the point where each leaves the hills
an alluvial fan has been deposited, on which a line of
small towns has developed, known locally as "The Hillfoots".
The name was applied to the valleys behind these towns by i
C. Davison in describing the earthquakes affecting the area,
in "A History of British Earthquakes" 1924.
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is undertain. On Sheet 48 certain small dykes are described

as basalt "of Tertiary age"; Gelkie, also, regarded the longer
west-east trending dykes as of Tertiary age, describing them as
members of the system having its greatest development "among
the Tertiary volcanic plateaux of the Inner Hebrides".v. They
are not, however, included in the map of the system included

In the more recent memoir on the Tertiary volcanic districts,B.
ard are described as of Permo-Carboniferous age on Sheet 40,
agreeing with the dating suggested in the 1925 memoir on the
Glasgow District.g. It would thus appear that the dykes throw
little light on the precise age of the upland surfaces.

In the southwestern parts of the hills a mmber of faults
running W.N.W. are accompanied by intrusions, usually metal-
liferous. During the 18th énd 19th Centuries many of these
intrusions were worked for silver and copper%O. The Qchil
Fault is also accompanied by an intrusion, of quartg-dolerite
identical in composition with that of sills at Stirling smd in
Fife. These are considered to be of Permo-Carboniferous age,ll.
and a similar age has been assigned to the Ochil Fault sill.
This is not visible at all exposures of the fault, but the
individual occurrences, which may attain a width of 200 yards,
appear to belong to the same intrusion. A short distance east
of Dollar the intrusion forsakes the main Ochil Fault, and
follows a branch fault (Fig. 2). 1In several exposures, one or

both edges are chilled, and this is regarded by Haldane as

evidence that the intrusion is later than, or at the earliest,
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12.
contemporaneous with, the fault itself. As it has affected

the highest members of the Carboniferous series, a Permo-
Carboniferous age may thus be assigned to the (Ochil Fault.

Later movement may have taken place along it, but "Faulting
later than the intrusion must have been relatively insignificant
or the indications of subsidiary fracture along the line could
scarcely falil to be more intense than appears to be the casel.
(Haldane.)ls.

The Ochil Fault is the most important of all those
occurring in the oOchils and the adjacent areas, and the amount
of throw has been estimated at 10,000 feet.14. Wheore it cuts
the northwestern limb of the Ochil anticline, between Bridge
of Allan and MNuckart, the impressive southern face of the hills
has been developed. That this is an eroslonal feature, and not
a true fault-scarp, is indicated by the fact that, further west,
the somewhat similar northern face of the Campsie F811§/ is
due to the presence of resistant Carboniferous lavas on the
downthrow side of the fault, as ims that of the Cleish Hills in
the east (Fig. 1). It 1s noticeable that no comparable feéture
has been developed between Muckart and the Cleish Hills, vhere
the fault crosses the southeastern limb of the anticline.

While this may be partly a reflection of a decreased amount of
throw, the fact that there is no physiographic expression of
this 1limb at all comparable to that of the northwestern in

this area is probably of greater signiflcance. The fault

ceases to be closely associated with the edge of the hills
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(as this is defined by the gemsralised éOO ft. contour) but
continues first eastwards, then south-eastwards, while the
edge of the hills trends morth-eastwards (Fig. 1). Between
the QOchils and the Cleish Hills, much of the Plain of Kinross
is developed on the Lower Devonian andesites (Fig. 2).

The secord major fault of the area is that on the south
side of Stra’ch{éarn and the Firth of Tay. Here downthrow is to
the north, the amount being estimated by Gelkle at sevefal
thousand feet. Upper Devonian strata, and near Dron, Lower
Carboniferous strata also, are thrown against the andesites
(Fig. 2). Geikie inferred that the later systems were at one
time continuous across the hillis, amd that even younger strata
may have covered them%‘& No date has been assigned to this
fault: it may be of the smme age, or possibly earlier than,
the Ochil FPault. The fault-line scarp along this northern edge
of the Ochils is by no means as Impressive as that to the south,
being at the most not more than half the height of the latter
(Photograph 3).

Most of the faults shown on the Geological Survey maps
within the Ochils have not been the subject of detailed investil-
gation. In the west, however, a muber trending in general
NNW, which terminate againét the Ochlil Fault (Fig. 2) and are
not ® ntinued in the Carﬁoniferous strata to the south, may
be pre-Carboniferous in age. All throw to the west, lowaning

successive blocks of the andesites. Qther faults with a



Photograph 4. THE GLEN OF SORROW.

Looking downstream. The meandering stream
and slumped sides are typical of most
valleys where the stream is incised iInto
a houlder-clay infilling.
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similar direction occur in the Central Ochils, in the area
between Dunning (37/019145), Milnathort (37/120048), and Glen
Farg, but are“few in number. Their directlon suggests that they
may be of similar age to those in the west.

The aligrment of certain valleys suggests a possible
~fault system with a direction roughly SW-NE (Fig. 4). Only two
such feults are actually mapped, nelther of great importance,
to the north of Tillicoultry and Dollar. The line of the
valleys in which the se occur, namely, those of the Gannel and
Care streams, 1s continued by Glen Sharup and Glen Quey, and 1s
roughly paralleled by the lower Franaly valley. Certain other
valleys show a @imilar direction,notably that of the Water of
May, Glen Anny and Glen Farg (Figs. 3 and 4). While there is
little evidence of structural control of these valleys on the
geologlical map, apart from the smell faults mentloned, and certaln
small dykes west of Dollar, their aligmment 1s so marked as to
suggest that a éeries of sub-parallel faults may in fact have
influenced thelr development. In view of the presence of |
thick deposits of boulder-clay in all the valleys (Fhotograph
4) the failure of observers to detect such faults in the fleld
is not altogether remarkable; it is notable that where such
deposits are absent, and the andesites well-exposed, in a
splllway joining the Care and Quey valleys, a fault running
SSW-NNE has been traced. In the coalfield to the south of the

Ochils a number of faults trending E 30°N, and E 40°N are



Photograph 5» GLEN QUEICH.
The "beginning of the Keerie Glen spillway just appears
halfway up the right-hand margin of the photograph.
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recorded, and are consldered tﬁbe later than the east-west
faults of the same area, which are probably of Permo-Carbonif-
erous age%s. It seems possibie that the movements giving rise to
these also produced faults of a similar direction in the ande-
sites, and that, approximately parallel as they are to the
anticlinal axis, they may represent renewed movement along
Caledonian lines. A mumber of valleys have a general NW-SE
trend, but are not all associated with the faults having this
direction. The alignment is, however, well-marked and may
indicate a greater measure of structural control than is sug-
gested by the geological map. Included in this group are the
Coul-Cloan valley, the Lamb valley, the Dalglen valley; the
Glen of Sorrow and Glen Queich, (Photograph 5). Of these

only the latter, a spiliway, is known to be fault-guilded.

It 1s also the only valley of the system in which the andesites
are exposed over any distence. These linear elements 1ln the
land scape are shown in Fig. 4.

The initial arching of the Ochll anticline would appear
to have taken place, as was suggested by Geikie in "Scenery of
Scotland"}vin the perlod following the deposition of the Lower
Devonian, and prior to the deposition of the Upper Devonian on
'the folded and denudedsd strata. The conformable junction
between the Lower Devonian volcanic series and the overlying

sedimentary strata in Strath Allan and Strath Farn indicates

that no great movement took place during lower Devonian times.
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"It seens probable, from the extent to which the Upper Devonilan

overlap-the andesites, that the absence of the southeastern limb
of the anticline in the Plain of Kinross may be largely attri-
buted to denudation during the Mlddle Devonian period, and it
is possible that other areas were similarly affected &t this
time. Although some faulting may have taken place in pre-
Carboniferous times, the major faults of the area appear to

be of Permo-Carboniferous age, and have considerably modified
the anticline, truncating it in the south, and dropping the
crest in the north~east. ILater faulting mé.y have provided
lines of weakress along which some of the present valleys were
developed.

Structural control of the morphology of the Ochils appears
to be strong, in tmt the upstanding hill-mass is developed
entirely on the resistant volcanlc rocks, and contrasts strongly
wiﬁa the surroundirg lowlands developed on sedimentary strata -
a contrast that is emphasised by the abrupt rise of the northern
and southern fault-line scarps above flat, Ralised Beach depositse.
There are, however, certain features which reveal that this
structural control is not as Important as might at first appear.
Certain of the surroundirng lowlands are developed on andesites
apparently lidenticel with those forming the hills - in particular,
a large part of the Plain of Xinross, and also a small area of
Strath Earn (Fig. 1). In tl®» Plain of Kinross, andesites under-
lie a considerable area of the western plain, extending almost

as far east as Loch Leven. The edge of the hills, rising
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relatively steeply from the lowland (indicated on Fig. 3 by

the gemsralised 600 ft. ® ntour) corresponds to nothing on the
geological map* (Fig-2). In Strath Earn, the andesites form a
narrow strip betwsen Forgandenny (37/088183) and the western
end of the Sidlaws, across which the low, flat-floored valley
of the Earn has been cut. The contrast between the hills and
the lowlends would thus appear to be not simply a matter of
cont rasts in lithology. In the Plain of Xinross denudation

in Devonian timeg appears to have been responsible for the
lowering of the andesites, a process that was probably continued
in a more recent epoch, while in Strath Earn the development of
the valley was possibly aided by the faults responsible for the
dropping of the crest of the anticline.

Within the hills, there are features which suggest that
the physiographic evolution of the area has been of greater
importance in the develorment of the present landforms than
has the structurs. In an area with an anticlinal structure
such as that of the Qchils the development of streams élong less
resistant outcropsm' forming strike or longitudinal valleys,
and associated with cuestas, might be expscted. 1iIn view of
the faulting that has taken place, some irregularities in this
pattern would be understandable, end fault-guided valleys
might occur. Later, glaciation must have produced further

modifications. In fact, however, the relation of the drainage

* It should, however, be noted that in both the Plain of Kinross
and Strath Eam the exact boundary of outcrops is uncertain,
owing to the presence of extensive superficial deposits.
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pattern to the structure does not appear close. The map

(Fig. 2) demonstrates that nearly every stream cuts across
successive outcrops of lavas and agglomerates, amxl few, 1f any,
longitudirrl valleys have developed. It seems probable that,
on this scale, with valleys cut to depths of 500 feet and more,
the lavas, tuffs and agglomerates show insignificant variations
in resistance to erosion, and the drainage pattern has developed
muich as 1f in homogeneous rock. Differences in lithology seem
to be important only in minor features, and small beaches ard
series of crags on valley sides can be readily related to

such variations. Over much of the hills the trap featuring
cormonly asgoclated with volcanic rocks is not conspicuous,

but may be found along certain of the watersheds between the
Hillfoots valieys.,

The trend amnd sub-parallelism of some valleys suggests
that they may be strongly controlled by faults or by lines of
weakness which are not indicated on the geologilcal map. Apart
from these, known fault lines apmar to exert some control over
the position and alignemat of small tributary valleys, and of
glacial overflow channels., Glen Queich 1s the most obvious
example in the latter category, but there are many others,

A mach smaller channel has developed along a fault just west
of the summit of Dumyat (26/856977); Glenfarg Reservolr
occupies a valiey whose southern side lies along a fault, and

there 1s reason to believe that the present valley form was
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developed largely by the passage of meltwater through it. The
Care ard Quey valleys are linked by a spillway developed along
a fault, and it is interesting to note that ampther aligned
pair of valleys - the Conl and Lamb valleys - are joined by
a spillway, while another continues the line of the Gahhel
valley towards (Glen Sherup, although this does not cut completely
across the watershed, but leads into the Sorrow valley,

Apart from certein spillways and the feult-line scarps
on the north and south of the hllls, faults do not appear to
influence the landforms as much as might be expected from their
rmumber. This le¢ more noticeable in the H1llfoots area, where
several faunlts join the Ochil Fault at high angles, and would
appear to lend themselves to headward erosion by streams working
back from the scarp face (Fig. 2). Oonly two valleys, apart
from that of the Burn of Care, discussed earlier, are to any
extent influenced by these faults. The line of the lMenstrie
valley partly coincides with that of one fault, but curves
round more sharply to the west than does the fault, while the
lower part of the Alva valley follows the line of another,
Throughout the hills, the association of faults with tributary
valleys end spillways, rather than with the major drainage lines,
suggests that on the whole they became lmportant in controlling
relief forms only as and when the major drainage lines became
established.,

Even more than in the case of the valleys, the widespread

upland surfaces found in the Ochils (Fig. 3) appear to have been
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developed largely by denudatlion, and owe little 08 their form

to the urderlying structures. The strabta formming the Ochils dip
at a feirly canstant angle éway from the anticlinal axis (Figs.
1 and 2), this angle belrg rarely lower than 10¢ and not usually
more than 159 although in places it may rise to 20%- 25°. It
can be measured in many places throughout the hills, where s
more reslistant stratum outcrops in a steep valley side.
Frequently these more resistant bands may form a narrow bencl

on a valley side, or may be responsible for some development of
miniature cuestas alorg a watershed. There are numerous examples
of such features, and they serve to demonstrate that the upland
sur faces have been cut across the tilted strata. This is
perhaps best illustrated along the watersheds between the
Hillfoots valleys where individuél lava flows etc. can be
readily traced from the watersheds into the valleys, and where
the Qchil Main Surface, here between 1700! ~ 1800!' 0.D., fommus

a relatively even surface along the ridges, cort rasting strongly
with the deeply cut valleys. It 1s perhaps less easy to demon-
strate that valley benches, apparently representing eafly stages

in valley develorment, are not structurally controlled, but the

" more extensive have a slope less than that of the strata, whille

in some valleys, notably those of the Hillfoots streams, where
the dip 1s consistently up-valley, benches falling in the
opposite diréction.may be assumed not to be structurally

controlled.
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The Pre-Glacial Development of the lLandscape

I. Introduction

Regarded as a whole, the Ochil Hills have a plateau fomm,
widespread upland surfaces of low relative relief being reached
by steep slopes rising from the surrounding lowlands (Photograph
2). Such is the appearance of the range as seen from the
fiat floor of the Upper Forth Valley, the steep face of Dumyat
rising sharply from the Iower Devon Valley, while on the north
slightly less steep slopes rise from Strath Allan to the well-
developed upland surface fourd in the west of the hills (Fig. 3.).
From a viewpoint to the north, this surface appears to descerd
towards the sast, falling to less than half the altitude at
which it occurs in the west. Closer examlnation reveals that
more than one surface is present. The valleys cut below these
surfaces aré usually deep and steep-slded, with a pronounced
V-shaps. In the higher, western parts of the hills, valley
benches representing stages in the develomment of the land-
scape intermediate between the upland surfaces and the present
valley floors are not extensive, but become more prominent
further east.

Three major divisions of the hills are recognisable, one
of which may be further subdivided. The Western Ochils com-
prise the broadest armd highest parts of the hills, with
sumits rising to 2000!' 0.D. and over, while wide areas are

above 1500!' 0.D. Relative relief 1s also high, being as much
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1000
as 2000 ft. measured between the watershed summits and

the valley floors; in the Hillfoots area it rises to 1600 ft.
and over, culminating in the rise of 2,300 ft. from the ILower
Devon Valley to the surmit of Bencleuch in a distance of two
miles (Fig. 5). North of Glen Devon the figure becomes 700-
800 ft., but the whole area is characterised by deep, narrow
valleys ard long, continuous watershed ridges, on which there
are falrly extensive remnants of a high-level erosion surface.,
East of the succession of valleys followed by the Muckart-
Dunning road - Glen Dey, the upper South Queich and upper May
valleys and the Dunning valley - the character of the hillls
begins to chenge. Both absolute end relative relief decrease,
only two hills rising above 1500' 0.D. In this West Central
ares relative relief decreases to 700-400 ft., end many valleys
appear to be wider than those of the Western division. Except
for the long ridges on either side of the upper Water of liay
the watersheds tend to take the form of series of indlvidual
hills, and no well-developed upland surface appears to have
remained.,

Beyond the N-S line fomed by the lower Water of May
and its tributary the Chapel Burn the hills show many contrasts
with the Western area. Only along the southern edge of the
hills, and in Culteuchar Hill (37/096153) is 1l000' 0.D.
exceeded, and much of the area is below 800' 0.D. Relative
relief decreases to 200-300 feet, and valleys are for the most

part shallow and open, although several of the larger streams
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occupy narrow and deep incisions below such broad, highser
valleys. Watersheds are relatively broad, carrying a well-
developed erosion surface. (Fig. 3). This FEast Central area -
appears to end at, or a short distance to fhe east of, Glen
Farg. Beyond it the Eastern Ochils extend to the North Sea
coast, as a serles of usually low hills, separated by broed,
flat-floored valleys.,

Within the Westerm end Central Ochils two major water-
sheds can be traced for long distances, separating the drainage
to the main trunk streams outside the hills (Fig. 6). These
watersheds run in a west-east direction, cutting obliquely
across the trend of the hills. ©North of Glen Devon, the water-
shed separsating streams draiming to Strath Allan end Strath
BEarn from those draining to the Devon and Eden runs from Core
Hill (27/885048) by way of Imnerdouny Hill (37/032074) to
Tillyrie Hill (37/105080). Starting at over 1700' 0.D. in
the wégt, close to the northern edge of the hills, it remains
mainly atove 1500!' 0.D. as far as Innerdouny, where it forms
a central ridge or backbone. Further east 1t runs along the
southern edge of the hllls, falling to 1000! 0.D. In a few
places it is breached by valleys of varying slze: these g pear
to be mainly of glacial orlgin. TFor rmuch of 1ts length this
watershed forms the divide between Earn amnd Forth drainage.
Linton has traced this divide westwards from Eastbow Hill

(27/947080) to Slymaback end Uarir Bheag, and suggests an
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-

continuation
eastern eombamirvzbiern across the vale between the Ochils and

the Lomond Hills, through the Lomond Hills to Fife Ness, regard-
ing it as one of the original elements in the development of
the Scottish drainage pattenn.l' (Pige. 7.)

The second major watershed, south of Glen Devon, is
considerably shorter than that traced above. On it, however,
or on spurs from it, lie all the summits of 2000!' 0.D. and
over (Fig. 3). It extends from Blalrdenon Hill (27/865019)
to Whitewisp Hill (27/955014) without descending much below
1800! 0.D., but further east falls to 142! 0.D. in Seamab Hill
(87/993017), above lower Glen Devon., There is no obvious
eastern cont inuation. It is possible, however, that the
original line of this watershed, separating Devon drainage from
that to the Forth, prior to a relatively recent diversion of
the Devon at Croqk of Devon, ran from Bencleuch to King!s Seat
Hill (26/936998) amd across the present Dollar Burn to the
Cleish Hills and Benarty. Three streams now cross this line =
the Dollar Burn, the Cowden Burn, and the River Devon. @f these
the last two may be of post-glacial origin, their valleys being
developed in thick deposits of sands and gravels. Pre-glacially
the Devon may have contirmued southeastwards across the Plain of
Kinross. The present course of the Dollar Burn may be of pre-
glaclal origin, but does not appear to be of great age. It may
initially have o ntinued @astwards by way of a depression north
of Law Hill (26/978993), joining the Devon in its course across

the Plaih of Kinross (Fig. 7).
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The major drainage system within the hills is that of the
Devon, vhich collects the run-off fran most of the Western
Ochils. Its drainage basin falls into two distinet parts - Glen
Devon, occupying the interior of the range, and the Lower Devon
Valley, receiving the draimage of the Hillfoots area, and pro-
bably having a different history from Glen Devon. The Water
of May also collects the drainage of a wide area, but is not so
important as the Devon, end has not developed so large a valley.
Outside these two dralnage systems, run-off from the hills is
collected by a number of streams, usually short, draining
directly to the larger rlvers of the lowlands. On the north-
western slopes several such streams drain to the Allan Water;
from Glen Hagles eastwards a series of larger streams, reflecting

the increasing divergence of the northern watershed from the

northern edge of the hills, flow to the Earn. East of the

Devon system drainage 1s mainly to ILoch Leven; still further
east a number of streams are tributary to the Eden.

As the 0Ochils are essentially a watershed area, drained
by stresms eventually joining widely separated trunk streams,
whose morphological evolution may have differed considerably,
the individual d rainage basins have been considered separately,
but have been related to each other, and cormon phases of
development noted, both at the erd of this section and in the

sSummary .
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II. The Early Evolution of the Devon Drainage System

Description of.the ares.

Glen Devon 1s the 1ongeét valley in the Ochils, and 1is
occupled by the largest river. It trends, with some sinuosities,
from west to east, from Sauchanwood Hill to Tormgukin, a
distence of nearly twelve miles. At T ormaukin the valley
takes on a south-easterly direction for two miles before
reaching the edge of the hills at Yettq?ﬁuckhart.

South of Sauchanwood Hill the small headstream of the
Devon occuples a broad, opeh hollow forming part of the main
uplard surface of the hills., In a short distance it leaves
this and descends into a narrow, but still ghallow, V-shaped
valley, which becomes fifty to seventy feet deep as fhe Devon
is joined by the Plnglen Burn., The stream contirmes in a
generally northerly direction, then turns to a course slightly
north of east., Its valley now becomes more steep-slded and
trench-like, probably due to modification by meltwater entering
by a spillway across the Sauchanwood-Core Hill col. TFurther
tributarles enter, each in some degree dlsplaying features
similar to those of the south-morth section of the Devon, but
joining it by abrupt descents, while the valley Increases in
depth to over three hundred feet, with a prénounced V-shape.
At the entrance to Glen Bee, Glen Devon may be said to begin.
At this point the valley opens out, the southern slopes

becoming gentler, and a relatively broad valley, over half a



Photograph 6. GLEN EAGLES. Looking south.
The entrance to Kincardine Glen lies among the trees
on the left-hand side.

Photograph /.  GLEN EAGLES.



mile across, is developed, below which the river is slightly
incised. This open section continues for only a short distar
to the entrance of the Broich valley. Below this point the
valley form is more trench-like with steep sides on which
occasional outcrops appear to be due to the movement of ice
down the valley. East of the entrance to Glen Eagles a flat,
alluvium-covered, but narrow floor, is developed, over which
the Devon meanders. For most of its length the valley is
400-500 feet deep, while its floor is everywhere less than
300 yards wide. Above it is a series of gently sloping bench
the remnants of earlier and higher valleys. Glen Eagles, a
trough at its southern end closely resembling Glen Devon, joi
the main valley about half way along its length. A short
distance north its floor falls sharply northwards, descending
fran 881! O.D. to 6001 O.D. in less than a mile. The whole
valley exhibits signs of severe glacial modification in its
depth and over-steepened rocky sides (Photographs 6 and 7).
Existing Literature.

J.E. Wynfield Rhodesl-was the first to put forward a
hypothesis as to the origin of the Devon valley in any detail
He noted the existence of several valleys trending NW-SE,
including Glen Eagles and Glen Devon, and regarded the stream
that he supposed to have occupied than as forming part of "tb
original consequent drainage of the country", .Iater dismender
by piracy along structurally favourable lines. Thus he regar

Lzc/noedc
the Knaik as having joined the Devon by way of Glen Eagles, t
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combined stream then reaching the sea by way of Galrney Water
and the Blairadsm gap. Dismemberment was effected by the Earn,
capturing the éggg;*;nd causing a reversal of drainage in Glen
Eagles to give the present northern fell of this valley, and by
thie Lower Devon working back along the line of the ¢chlil Pault
to produce the elbow bend at Crook of Devon?. There are many
objections to this hypothesls; the most important of theam were
put forward by D.L. Linton, who suggests a very different
evolution for the Devon%. The chief objection to Rhodes!
hypothesis lies in his complete failure to appreciate the import-
ance of glacial erosion and deposition in modifying the pre-~
glacial landscape.,

Linton attributes the Glen Eagles through valley to glacial
breaching of a pre-glacial watershed?.citing as evidence the
typically glaciated form of the valley; 1its interruption of
an otherwlise continuous west-east watershed; and its great
depth and steep sides at a point where the continuation of
that watershed might be expected. The Cpook of Devon elbow
he regards as "a very recent diversion at the margin of a
stagnant portion of the last ice-sheet",.pointing out that
the gorge apparently assoclated with capture by the Lower Devon
in fact terminates some distence downstream of the elbow bend.

In view of this, the evolution of the lower part of the Devon

; as suggested by Rhodes is dismissed as "based upon a false

premisé/. Linton's own reconstructlion of the earlier

drainage of the hills is based on the cntinmuity of Glen Devon
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from west to east, on the existence of the high level valley
benches, and of two cols, one at the western end of the valley
between Sauchanwood Hill and Core Hill, and one at the eastern
end between Mellock Hill and Lendrick Hill, He conslders the
drainage of the area to have been from west to east, the Devon
entering the hills from some external source (? contimuing

the Loch Katrine-Loch Vennachar line), leaving them along the
line of the North Quelch and cbntinuing east along the line of
the River Leven?. The further evolution of the drainage is

not considered. The hypothesis advanced by Linton may be
supported by field evidence which he does not cite. Thus, the
high valley benches, which probabily represent not one, but three
early stages, are remarkably broad, and suggest that the Devon
may indeed be the remnant of a larger stresm. The dismemberment
of this stream to produce the present drainage pattern must be
explained, but before this can be attempted the evidence of

the present landscape, bearing on the early pattern, must be

considered.

The Evidence of Early Stages in the Present Lamiscaps.

The oldest stage in the develomment of the landscape, of
which there are fairly extensive remains, is the main upland
surface of the hills. This will De referred to as the Ochil
Main Surface, and is best developed at heights of about 1'700'-
1800' 0.D. (Flg. 8). It is extensive around the Devon head-

stream and its neighbouring tributaries, which, except

immediately near their sources, are slightly incised below it,
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as noted in describing the Devon valley (Fig. 8). The
characteristic feature of this surface is its undulating
nature, with broad, open valleys rising gently to low rounded
hills along the watersheds. Peat mosses are developed over
much of its area, reflecting fthe low gradients, but are
probably €l so related to perlods of higher rainfall than at
present, as the peat 1s everywhere eroded. The hills of the
southern watershed rise above this surface, their sumits
lying from 200-500 feet higher, reached by smooth, relatively
steep slopes (Fig. 3).

As seen in the field, this surface appears to have been
produced by sub-aerial dermudation, reduced to a state of
maturity over most of its area, and formed at the expense of
en older, higher landscape of which the hills along the southérn
watershed may be remnants. This impression is supported by
the difficulty of defining the Inner edges. While best developed
between 17001-1800' 0.D., in some areas the surface can be
clearly seen to extendl to heights of 1900' 0.D. at the base of
the higher hills (Fig. 8). It does not seem probable that
such a surface could be produced by marine erosion, when an
inner edge of more uniform height, representing the base of a
former cliff-liné, might be expected.

The lower limit is everywhere ill-defined. It foms
the surmit of Wether Hill, at 1647' 0.D., and probably continues

in the northern watershed east of Glen Eagles. Evidence for



53

this lies in the ease with which the Devon valley benches can
be traced below this watershed as below the well-developed
part of the surface in the west. It is possible that here it
has been lowered from its original height by reason of its
narrowness and liabllity to attack by the streams that rise on
it. TPFurther east along the same watershed Immnerdouny Hill
rises to 1630t 0.D. correéponding to the less-modified parts
of the surface, possibly because it is formed by trachyte.
Both the development and the destruction of the Main
Surface are apparently due to the Devon and its tributaries.
fhat they were instrumented in its formation is seen in the
way in which the valleys in the headstream area are essentially
part of it. That its destruction can also be attributed to
them is shown by the formation of valley benches at its
expense. The highest valley, forming part of the surface, is
represented in the west by‘gently sloping facets and benches
between the north-flowing Devon tributaries, at heights of
approximately 1600' - 1700' 0.D¥ Along the mnorthern watershed
it appears as a gentle slope from the summit of.Come Hill at
similar levels*¥ Furfher east 1t remains as the highest of
three vaelley benches on the spurs beyond Glen Eagles, falling

in level to 1500!' 0.D. On the south side of eastern Glen Devon

* Bxcept where otherwise irdicated, heights are estimates,
based on the contours of the Ordnance Survey 1l:63360 and
1:25,000 maps. See Appendix.

*¥% A line of benchmarks down this slope gives its height
accurately.
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there are no extensive benches. However, below Innerdownie

a narrow spur, vhose height, as indicated by bench-marks, is
between 1524!' and 1580' 0.D. may correspond to the same stage-
(Fig. 8). "

Between Ben Shee and Scad Hill is a broad col, at its
lowest about 1400' O0.D. In view of the almost complete absence
of high valley benches on the north side of Ben Shee this might
indicate that at the 1lst valley stage the Devon followed a
course across this col. A long, gentle slope below Mailer's
Khowe appeérs to be at a level corresponding to that of other
benche s of this stage. However, since both the first and
later stages are well-developed at this point north of Glen
Devon, it is difficult to explain both benches and colé)assuming
a diversion of the river, A possible explanation lies in the
upper course of the Frandy.Burn, which is aligned with the col.
At this stage the Frandy may have jolned the Sherup,being
later diverted to the present course by a stream aided by the
structural weakness postulated earlier (Fig.‘s). A similar
col occurs on the narrow watershed between the Broich and
Frandy valleys. It is possible that the Grodwell Burm
originally crossed this col, forming the headstream of the
Frandy-Sherup stredm (Fig. 7). 1In view of the height of the
col (shown by benchmarks to be little less than 1490' 0.D.,
except where a small spillway cuts across 1t), any stream
occupying it must have been diverted at a relatively early

stage, corresponding to the second Devon valley stage.
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There is some slight evidence elsewhere indicating that the
early drainage pattern of Glen Devon may have been one of small
tributaries joining the main stream at a low angle, rather
than the present rectilinear pattern. Thus, north of Ben
Trush there is a col at ca. 1300!. An early course for the
Eastplace Burn across this col and possibly also across the
White Creich - Black Creich spur, before joining the Devon,
mey be envisaged. It is perhaps significant that all the
dlversions such an initial drainage pattern would entall are
along S.W,~-N.E. Llines,

The secord Devon valley stage -1s represented in benches
and facets occurring immediately below those of the first
stage (Fig. 8). Thus, on Core Hill, one such facet lies between
1500' - 1600!' 0.D., falling slightly eastwards, and there are
similar features on the spurs south of the Devon. East of |
Glen Bee the stage is continued by a bench on Cralgentaggart
Hill at ca. 1500 - 1550! 0.D. and still further east by a mmber
of well-marked benches between ca. 1400-1450' 0.D. The dif- |
ference in height between the latter and those to the west,
together with the existence in one or two places of small
benches between those of the first and second valley stages
suggests thatwhat has been descrlibed as the second stage may
in fact represent two stages, separated by relatively slight
falls in base level. On the south side of eastern Glen Devon,
Berry Hill, below Ben Shea, md a similar spur below Inner-

downla belong to the ssme stage, as may the White Creich -
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Black Creich spur east of the Borland Glen.

At both t hese early stages, the Devon was possibly
stlil part of a larger stream, since both are higher than the
two cols already noted. The westward extenslon of the first
stage may bs found in the flat summit of Little Corum
(1685' 0.D.), and of the second stage in the gentle slopes
about the headstreams of thes Danny Burn, below which the latter
1s incised., It 1s probable that the Danny headwaters formed
a small tributary of the Devon, comparable to the Medaff and
Greenhorn Burns to the east. There 1s no clear extension of
the valley beyond Tormaukin at these early stages. As seen

from a distance, the broad Melloch - T.endrick col is

‘convinecing and lends support to Linton's view that the Devon

then flowed east by thls route. If so, it must have been at

a helght above the presermt level of the col, although the summits

of Carmogdle (ca. 1325') and Nether Town Hill (1225' 0.D.) may
aporoximate to the level of the valley floor during the second
stage. At the point vwhere the river now leaves the hills,
however, Auchlinsky Hill and Seamab Hill present surfaces
resembling those of the northern watershed and its spurs at
slmilar heights (i.e. 1400' - 1500' QO.D.) It may, therefore,
be suggested that these surfaces are furthepr .benches of the
Devon, and that thls has always been the route.by which the
river has left the hills. However, they may be explalned

with reference to the Glenquey stream, to which lower benches



Photograph 8* GLEN LEVON.

Looking west from Ben Trash. Note spurs carrying
"benches of the Jvd Valley Stage, and Ochil Main Surface
forming the skyline.

AX AQirdtnat HILL . Wit Hill
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on Auchlinsky Hill may certainly be attributed and to streams
which, at the time the bencheS'were fofmed, were tributaries of
the extended Burn of Sorroﬁ (Fig. 7), in turn tributary to the
Devon at a lower point in lts course. The development along
a tributary valley of benches at a similar height to thase
on the maih stream would not be improbable.

~ The third stage of the bevon valley i1s marked by much less
extensive remmants than the first two (Fig. 8). In the west, 1t
is represented by a relatively narrow,lv-shaped valley, which
is continued furthsr west by the floor of the Sauchanwood-Core
Hill col. This musthave been the last stage at which the col
was used by an extension of the Devon, but its narrowness, as
compared with its width at the higher levels, suggests that it
was 1no longer carrying such a large volume of water, This may
indicate that'the_rivér had already lost some of its headwaters,
possibly by the action of 8 stream working back in the sedimen-
tary rocks of Strath Allen. The eventual abandommert of the col
may have been due to similar piracy by the Danny Burn. Down-
stream, in Glen Devon, the third valley stage appears in the
broad summit of Coumon Hill, possibly in Bald Hill on the
opposite valley side, and in a number.of narrow spurs, between
1250!' - 1350' 0.D., east of Glen Eagles (Photograph 8). The
fioor of the eastern col at this tie may be represented by
the summits of Braughty end Cloon. There are no benches at a
similar level below either Auchlinsky Hill or Seamab Hill,

although the broad shoulders of Lendrick H1ill, their outer
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edge followed closely by the 1250' contour, may correspond to
this stage.

The form and heights of spurs and swmits aboﬁé the South
Queich Valley, north of Myrehaugh, suggest that this vailey
existed when the high-level valleys of the Devon were formed,
and that the South Queich was an early tributary of the Devon.
Lamb Hill, Fanny Hill and Burnt Hill are all at similar heights
(1300+' 0.D.) and probably correspond to the third Devon valley
stage. Together with that of the Dunning Burn, this valley
forms a depression running north-south across the hills. The
apparent absence of eny structural weeskness favourlng its
development indicates that this feature is probably of con-
siderable age. Few other valleys tributary to the Devon, east
of Glen Eagles, show benches which can be related to those in
the main valley. Nearly all are steep-sided and narrow with
few signs of the early stages of their development. The
tributaries of the Hilkitty Burn, however, rise in a wide,
gent ly sloping valley that probably corresponds to the third
stage in the main valley. The western tributaries of the Devon
occupy less deeply cut valleys, and facets oh the wpper slopes
can be followed downstream until they merge with those above
the Devon.

Evidence of later valley stages has been largely destroyed
by the development of the presemt deep, narrow valley. A certain
amount of roughening of the valley sldes suggests that they may

have been slightly steepened by the movement of ice through
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the valley, but there seem to be no reasons for belleving that
any great modification took place, amd the valley must have
presented an appearance similar to that of to-day even in pre-
glacial times., The final stages of valley develorment appear
tohave been the results of ® nsiderable falls in base-level
following each other relatively rapidly, as compared with those
of the earlier stages. There can have been insufficient time
at any stage for the production of wideygently sloping valleys
comparable to those of the first three stages, and such benches
as may have been formed were largely destroyed in the last phase.
Remnants occur in Corim Hill, Black Hill and Teth Hill, and
In the open section of the valley between (Glen Bee and the
Brolch valley, but are not adequate to permit the reconstruction
of the valleys they represent. Broad benches north of Tormaukin
at ca. 1100!' - 1150!' 0.D., and at 1025!' - 1050!' 0.D. may have
been cut by the Devon in the stages immediately preceding the
adoption of its present course., At the lower end of Glen
Queys & below Auchlinsky Hill,a spur with a gently sloping
surface, corresponding in height to the lower Tormaukin bench,
may have been formed by the Glenquey Burn at this period.
Several lower benches are found in the broad gap between
Lendrick Hill, Seamab Hill end Auchlinsky Hill. These are best
developed between 800' - 1000' 0.D., but are nowhere very
extensive. Below them is a relatively steep slope, éfter which
the gradient decreases again, and a broad valley appears to

have been developed between 750! - 850' 0.D. Thick fluvio-



40

glacial deposits mask the full extent of this feature, and

have been partly removed from a more deeply cut valley at a
lower level. This appears to have been the immediately pre-
glaclal valley of the Devon, and the river is now very slightly
inclsed into its floor, but may not be following exactly its
pre-glacial course. The two gorges through which it flows -
the Black Linn gorge (27/99403) and that near Nether Auchlinsky
(37/001028) appear to have been caused by slight diversions, due
to the presence of glacial deposits in the earlier valley.

To summarise, 1t would appear that there have been two
major stages in the development of the part of the hills con-
sidered above. In the first, the Devon and its tributaries
developed broad, open valleys. Three series of benches psp-
resenting such valleys are recognisable, at high levels above
the present river, the earliest foming part of a widespread
upland surfage, characterised by relatively gentle slopes, and
produced at the expense of en earlier lamdscape mow represented
only by the monadnocks of the southern watershed. Throughout
the period during which these valleys were formed, the relief of
the Ochils must have been low, compared to that of the present
day. The second major stage of develomment was apparently
assoclated with larger falls of baselevel than had produced the
eariler valley benches, possibly succeeding each other at shorter
intervals, so that valley deepenirg proceeded rapidly, and only

a few lsolated benches testify to the existence of valley stages
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intermediate between those of the first stage and that of the
present day. In both the tributary valleys and lower Glen
Devon the streams have lowered themselves through the glacial
deposits covering the floors to the underlying rock, suggesting
that pre-glaclally the valleys were probably as deep and narrow
as they are to-day.

The way in which the three high-~level valleys of the
Devon caen be traced into and beyond the Sauchanwood-Core Hill
col strongly favours the hypothesis that the river is but the
remnant of a longer stream, whose sources lay somewhere west
of the Ochils, possibly, as Linton suggests, in the Highlands
of western Perthshire. There ssems to be less evidence for
a continuation eastwards beyond Tormaukin. The Mellock=-
Lendrick col appears to have been much more dissected than that
to the west, and except for the summits of certain hills, has
been lowered below the level of the first three valley stages.
The disposition of the benches north of Tormaukin, however, is
such as to suggest that they were formed by the Devon in flowing
east. The higher of the two, at ca. 1100'-1150' 0.D. is matched
by & northerly spur of Lendrick Hilly at this level, thé
Devon could have continued east by the col through which Glen
Qudch was later cut., It may still have been able to use this
route when the lower bench was formed - the shoulders above
Glen Qudch indicate that prior to the development of the spill-
way the col was at, or a little below, 1000! 0.D. Yet, while

it seems possible that the Devon followed this route, it must
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be admitted that the gap between Lendaitsk H1ll and Seamab Hill,
by which the river now leaves the hills, is broad, anl must be
of oonsiderable age (Photograph 22 ). The almost complete
absence of benches which might correspond to the various valley
stages further west, however, suggests that i1t was not initlally
formed by the Devon. There seems to be no trace of the further
course of the river at these early stages beyond either the
Mellock-Lendrick col, or the Lendrick-Seamab gap. In both

cases the level of the ground'falls sharply below that at which
such traces might be expected.

At the western end of the hllls, also, there is a sudden
fall below the level at which the Devon must have had its
westward extension, and it seems probable that this was developed
across strata which were removed as 3trath Allan was opened out.
A similar explanation may account for the absence of evidence
of 1ts eastward continuation. The surrounding lowlands are
developed on less resistant, younger, rocks than those of the
Ochils, and at the time when the early Devon was disrupted,
such less resistant rocks must have surrounded the andesites
‘and covered them to a greater degree than at present. The
explanation for the redvuction in size of the Devon, and for
the preservation of evidence of its old valleys across the
hills, may lie, to some extent, in this contrast in rock

types.
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The Possible Farly Drainage Pattern and its Development

The major watersheds, already traced within the hills,
suggest that the streams contemporary with the Devon also pursued
generally west-east courses., Following Linton?‘these may be
regarded as the predecessors of the Earn and Forth. oOwing to
the development of thelr valleys largely in less resistant rocks,
changes in base-level mlght affect these streams more rapidly
than the Devon, thus giving their tributaries an advantage that
would enable them to enlarge their drainage baslins at its
expense. Similar arguments are suggested by Linton to explain
the diversion of certaln west-east flowing streams in the
Grampian Highlands%o. Perhaps even more important than the
lithological differences, however, was the considerable dif-
ference between the size of the Devon drainage basin and those
| of its neighbours. If the Loch Vemnachar - Loch Katrine trough
indeed represents the line of its headwaters, the Devon could
have drained only a long, narrow area, and have had few large
tributaries. Some indication of this is given by the watersheds
as shown on Fig. 7, even allowing for possibie migration of the
Southern Ochil watershed as a result of actlve headward erosion
by the Hillfoots streams. It is probéble, however, that Vennachar
stream followed a line similar to that of the present Teith and
joined the Forth, while the Devon rose at a point not far west
of the Ochils, end had thus still fewer tributaries. In either

case it would have been a much less powerful stream than either

of its neighbours, highly susceptible to capture by theilr
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tributaries along structurally favourable lines.

Features that must be explained in discussing the
development of the present drainage pattern from one of major
west-east streams are associated with certaln smaller streams
in end near the Ochils. One such is the Menstrie Burn, with
the curious direction and fom of its valley -~ curving round
Dumyat at tle western emd of the hills, unusually wide compared
to other Hillfoots valleys, and open at its upper end. The
stream heads in a broad col, divided intoc two parts by a low
hill (896! 0.D.). To the north is the equally curious Wharry
Burn. The lower parts of this, downstream from the farm of
Lynns, may be disregarded for the present, being probably of
post~-glacial origin. Upstream, however, in Glen Tye, it begins
as a north-flowlng stream, then swiﬁgs to a westerly directlon,
and after leaving the glen turns southwestwards. A stream
flowing in such a direction, if that direction is original, is
difficult to reconcile with the suggestion that the early trunk
streams of the area flowed from west to east. However, it is
possible that the Wharry Burnh originally flowed northwards, by
a col between Mickle Corum and Glentye Hill, adopting its
present o urse only as a result of piracy by another stream.

At high levels oA the south side of Strath Allan are
benches probably corresponding to the Devon valley stages
within théhills. Below ca. 1200!' 0.D., however, the slopes
are generally smooth, except in the west. Here, above

Sheriffmuir are well marked benches, all with gentle slopes,
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but none shows eny definite fall along its length. Thus there

is evidence of a valley stage at ca. 1150!' - 1250' 0.D., appearing
in Black H1ill (27/837032) eand above Carim Lodge (27/861047), end
of lower stages on Sheriffmuir itself. The latter have poorly
defined limits, between approximately 800! -~ 1000!' 0.D. Similar
benches are found on the opposite side of Strath Allan, sug-
gesting that they do not owe thelr origin to structural features.
The generally undulating appearance of these benches, and the
variation in the height of their inner edge, indicates that they
are of sub-aerial origin, but there is no indicatlion of the
direction of the stream, or streams, in the main valleys at

the time they were formed.

The col at the head of the Menstrie valley makes it
conceivable that it may even have been responsibie for the
initial diversion of the upper Devon. The height of the col,
however, (750' - 800' 0.D.) suggests that, at much the same time
as the lower Sheriffmuir benqhes were formed, it also suffered
the loss of its headstreams, as a result of the develorment of
the broad valley further west, through which the Allan Water
now flows. Earlier, the extended Menstrie Burn may have been
responsible for the dlversion of the Wharry Burn from its north-
werd course. This may have joined the lMenstrie Burm by way of
the eastern part of the col, mow lowered to 729! Q.D., partly
by the action of ice and glacial meltwaters. The existence
Bf a broad, shallow valley below which the present slot-gorges!
of the Wharry have been developed (Fig. 3) indicates that 1t

was diverted from the Menstrie valley prior to glaciation, but
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there seems to be no real evidence as to when this took place.
At the beginning of the Plelstocene peridd, Strath Allan
must have had very much its present form, amnd have appeared as
a broad strath, falling very gently from a low watershed, separ-
ating it from the Ruthven Water, to the Forth. Between Dunblane.
and Bridge of Allan are berches apparently representing three
stages in the valley develomment later than those represented
by the Sheriffmuir benches. The highest descends from over
500! 0.D. near Dunblane, to 400! 0.D. at Bridge of Allan, on
the eastern valley side: it may appear also in the moorlands,
north west of Dunblane, between the Allan and the Ardoch Bummn,
at similar heights. A second bench occurs about one hundred
feet lower on the eastern side; west of the Allan it may be
found in the summits of low hills - gf 370! 0.D. near Anchors-
cross (27/775017), and a little above 300! 0.D. in Knock Hill
(26/785989). The third and lowest stage is not well developed,
but appears to descend to 200! 0.D. near Bridge of Allan, immedi-
ately south of the Wharry Burn. It is but 1little above the
valley fommed at the time of the Late-Glacial Raised Beach, and
may be the immediately pre-glacial valley of the Allan Water.:
While the disruption of the early Devon, at the westerﬁ
erd oflthe Ochils, may be fairly easily envisaged as due
essentially to the develomment of Strath Allan in the sedlm-
entary rocks which there overlie the andesltes, no such feature
appears to favour a diversion from its presumed west-east course

at the eastern end of Glen Devon. The sudden abandorment of a
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generally west-east course for one to the southeast, at Tormaukin,
suggests that the river may have been captured by a smaller
stream, a tributary of the Sorrow, which appears to have been
continued eastwards beyond its present valley (Fig. 7). To
effect such a diversion, this stream must have had some advan-
tage over the Devon. This can hardly have been one of size,
but it iﬁpossible that at this period the Upper Devonian sedi-
mentary rocks had not been stripped from the western parts of
the Plain of Kinross, while along the course of the Devon, the
andesites may have lain at a higher levei, and have been already
exposed. Such an effect could well arise from irregularities in
the surface on which the younger rocks were deposited., The
Sorrow end its tributaries may have been able to adjust them-
selves to changes in base-level more rapidly than the Devon,
and being thus at a slightliy lower level than the maln stream
at the point of capture, were able to effect the diversion.
The broad valley above the ravine of #len Dey running north-
south between the South Queich; at Myrehaugh, énd the Devon,
may have been developed in a similar fashion, and have carried
the Queich to the Devon until the cutting of Glen Queich by
meltwaters renewed the eariler outlet. It may be significant
that the first capture postulated is along a NW-SE line -~ i.e,
in aligment with the Glen Queich fault and certain other
valleys which may be simllarly structurally controlled (Fig. 4).
Following diversion the Devon probably toock up a generally
southeastwards course across the Plain of Kinross, but in this

area few traces of the pre-glacial drainage remain.
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LII. The Morphological Evolution of the Kinross Ochils

The name Kinross Ochils has been appllied to the area lying
east of the Mellock-Lendrick col, and south of the main west-
east watershed of the hills, This area lies almost entirely
within the county of Kinross, and is drained southwards to the
Plain of Kinross by & number of small streams. It shows many
contrasts with the Glen Devon area, and, indeed, with the hills
as a whole. Between the col and the spur along which the road
from Milnathort to Path of Condie climbs the hills the streams
occupy relatively broad and shallow valleys, within which small
benches and facets aprear to be evidence of stages in valley
development (Fig. 9). The interfluves are lower than those to
the west of the col, snd do not carry such extensive benches.
There is a noticeable fall in level from the col to this area,
and in the same way the Immerdouny Hill - Slungie Hill ridge
rises steeply some 200-400 feet above it. East of the Milnathort-
Path of Condie road there is only a short slope between_the
watershed and the low ground of the Plain of Kinross, and’
valleys are poorly developed.

The southerly drainage of the Kinross Ochlils was probably
more marked pre-glaclially than it is at present. In the southern
part of the area the drainage pattern is largely determined by
a series of meltwater chanmnels running from west to east, and
diverting the drainage from the hills in this direction (Frig. 12).
Thus the Lee Burn now joins the Warroch West Burn by a spill-

way, and may previously have been a tributary of the Cloon Burn.
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The Warroch West itself may have used the col across which the
spillway is aat in order to join the Cloon - slope facets
forming an earlier velley appear to contimue from the Warroch
West valley into the Cloon valley by way of the Col (fig. 7).

The highest benches on the interfluves ln this area fall
mainly between 1250' - 1350' 0.D., md are described as "1200' -
1300! benches" on Fig.9. That on the Lee-Warroch West interfluve
appears to be continued by a spur from Mellock Hill west of the
Lee Burn. A shallow col links this area wlth the South Queich
valley, and the bench may be traced across this to Third Hill
withéut any marked discontinuity. It seems probable, therefore,
that the 1200!' - 1300!' benches in the Kinross Ochils correspond
to the 2nd Devon valley stage. On the lower interfluves further
east a separate erosion surface appears to have developed, between
1100' - 1200!' 0.D., which may correspond to the 3rd Devon Valley
stage. (lst Valley stage, Fig. 9.)

From these benches steeper slopes descend to the valley
floors, interrupted in places by lower benches. These can some-
times be traced upstream until, near the valley heads, the 2nd
Valley Stage forms the present valley. Thls is well-illustrated
in the Warroch West Velley, where, at ca. 1100! 0.D., the head-
waters occupy a wide holiow with gently sloping sides, which
can be followed downstream above a relatively shallow post-
glacial incision, into benches at 1000' - 1050!' 0.D. on Hog
Rig (37/039058) and Warroch Hill (37/048059). Corresponding
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benches and slopes occur in the Warroch East valley, and may

be o ntinued further eastwards in the broad bench between Arlick
Hill end the small Craigow Burn, which descernds to ca. 950! 0.De
A third valley stage is traceable from the upper Warroch West
Burn into the Cloon valley, and again appears in the Warroch
East valley. The most recent stage of which clear traces remain
is well-developed in the Warroch East valley, and in the bench,
on which the farm of Upper Warroch stands, at 800! - 900! 0.D.

A narrow valley, below which the West Warroch spillway has been
cut, may also belong to this stage: if so, it would appear that
the West Warroch had adopted its present course prior to glacia-
tion. Further south, the gently sloping summit surfaces of
Dowvneriand Drumgarland Hill may represemt this fourth valley
stage, at, or a 1little above, 800' 0.D.

Four valley stages may thus be recognised in the area
drained by the Warroch streams, all closely'reiated to these
streams. At higher altitudes, less extensive, more lsolated
benches may be evidence of still earlier stages in the develop-
ment of the landscape. The southerly direction of the drainage
of this area may have been even more marked pre-glacially than
it is at present, and suggests that the streams were tributaries
of the Devon, before this adopted its present course. The
various valley‘stages described above might, therefore, be
expected to correspond to those already established in Glen
Devon. However, the relatively low level of the Kinross Ochils

is such that only the small, high-level bend es dfi the north
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of the area appear to corregspond to the best-developed Devon
valley stages -~ i.e. to the second armd third stages. The valley
stages that are well-developed may be of the same age as the
poorly represented, later, valley stages in Glen Devon. No
reliable correlation can, apparently, be established between the
two areas, although 1t 1s possible that the 4th Warroch stage,
and the broad valley at ca. 750' 0.D. near Nether Auchtinsky,
may be of similar age, developed when much of the Plain of Kinross
had been reduced to ca. 700' 0.D. - a surface that may now be
represented only in isolated hills, such as H oad'Hill (734! OJD.)
near Drum.

There appears to be a relationship between the contrast
of the Kinross Ochils and Glen Devon, and that of the Plain of
Kinross amd the 0Ochil Hills as a whole. Both the Warroch area
and the Plain of Kinross are developed on similar rocks to the
hills as a whole, yet both show relief forms contrasting in vary-
ing degrees with the rest of the hills. The explanation for this
contrast does not appear to lie in differences in lithology, and
differences in erosional history might therefore be expected to
provide an explamatlon. However, there seems to be nothing in
the history of the area, as this 1s indicated by the evidence
in the higher parts of the hills, to bear out this explanation.
The Devon most probably followed a southeasterly course across
the Plain of Kinross throughout much of the period when this
was opened up, and may have contributed to its develomment as

a broad lowland. This development would almost certainly be



53

reflected in a widening of the tributary valleys, and might
therefore explain the characteristics of the Warroch area. It
leaves unexplalned the sudden change from the narrow valley of
Glen Devon to the three and a half mile wide lowland. If the
Devon were in fact responsible for the production of the Plain
of Kinross a more gradual narrowing of its valley upstream
might be expected. A large tributary, possibly the fore-runner
of the Burn of Sorrow may have joined the Devon below the
entrance to Glen Devon, butit seems unlikely, from the size of
its catchment afea, that this could have been larger than, or
even as large as, the main stream,

The presence of Upper Devonlan sedimentary rocks in the
Plain of Kinross (Fig. 2), lying unconformably on the andesites,
suggests fhat much of the denudation that produced the lowland
took place prior to the deposition of the sedimentaries. A
considerable thickness of rocks younger than the Lower Devonian
may have o vered both the Plain of Kinross and the area east of
the Mellock-Lendrick col at the time that the high-level valley
benches of the Devon were formed, and may only have been removed
as the various valley stages of the Warroch streams were developed
Remnants of early Devon valleys may have been destroyed as the
sedimentary rocks were removed, as was suggested above; this
must also have had the effect of reducing the depth of the
valleys east of the Mellock-Lendrick col, in that there was, in
this area and in the Plain of Kinross, a much lesser thickness
of resistant rock in which valleys could be developed than

el sewhere in the hilis.
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Bast of the Milnathort - Path of Condie road no large
valleys have been developed, many streams occupylng spillways
running east and southeastwards. There are, however, one or
two shallow depressioné, ot now occupied by streams throughout
their length, which may represent the pre-glacial drainage of the
area, and which also have a southeasterliy direction. The
eventual destination of streams using these early valleys may
have been the Devon, but it seems equally probable that some
at least may have joined the Eden through the broad gap separ-
atling the Ochils anl the Lomond Hills. The width of this gap
suggests that it is ofonsiderable age, but it would appear to
owe lts existence to the relative ease with which the Upper
Devonian strata could be'removed, by streams of subsequent
origin, rather than to represent an initial consequent element

in the developmment of the landscape.
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iV. The Development of the Hillfoots Vallevs

Description of the Area

The Hillfoots vallieys are tlose of the streams draining
southwards from the Blairdenon Hill - Whitewlsp ridge to join
the River Devon in the lower part of its course (Photograph 9).
From west to east these streams are the small Logie Burn; the
Menstrie Burn with its four important left-bank tributaries;
the Balquharn Burn (Photograph 10); the Alva Burn,‘with two
large tributaries, the Strabanster and the Glenwinnel; the
small Silver Burn, a close neighbour of the Alva, and whose
valley may for many purposes be regarded as part of the Alva
valley, the Tillicoultry Burn, with two large tributaries, the
Daiglen and the Gennel; the Harvliestoun Burn; and the Dollar
Burn, for much of 1its length known as the Burn of Sorrow, until
joined by the small Burn of Care.

In many ways the Hillfoots valleys resemble those tributary
to GlenADevon, but there is reason to believe that the streams
occupying them have only recentiy joined the Devon. At Crook
of Devon the river abandons a southeasterly course across the
Plain of Kinross snd turns sharply westwards, cutting deep
gorges below a surface formed almost entirely by glacial depo-

sition. As Gelkie observed, these gorges must be of post-
1.

" glacial origin, and there appear to be no traces of earlier

valleys that may be attributed to the Devon in this area. It
is therefore probable that pre-glacially the Hillfoot streams

joined the Forth independently of the Devon, which continued



PHOTOGRAPH 10. THR BAIftUHARN VALLEY.
(Photograph by A®©rofilms, Limited.)



56
southeastwards across the Plain of Kinross.,

The Evidence of Rarly Stages of Development

The valleys are all deepl& cut and V—shaped, with few'
traces:of early stages in theilr develomment remaining. The
Ochil Main surface is present on the interfluves, where it 1is
sometimes interrupted by trap-featuring, becoming more.extensiVe
where the interfluves join the main west-east watershed. Between
Blairdenon Hill and Ben Buck it can be traced into the area
around the Devon headwaters. Throughout the Hillfoots area it
is gently undulating, contrasting strongly with the deeply cut
valleys. Fow traces of the shallow valleys, associated with
the surface about the Devon headwater, occur in this area. As
a result, it has é lower range of relief, some 200 feet as
opposed to 400 feet north of the watershed. The inner edge
‘varies in height, from 1800' 0.D. to 31900!' 0.D. The outer edge
is well-defined, on the Balquharn-Alva and Alva-Tillicoultry
watersheds ending abruptiy at the precipitous.scarp face, at
heighté of ca. 16875' 0.D. Elsewhere, the edge is set back
glightly from the scarp, and small, 1owér,'benches intervens.
This is the case east of the Tillicoultry valley, where the
surface 1s present on a spur sloping gently from ca. 1800!' to
1675' 0.D. A slightly steeper slope continues to 1500' 0.D.,
and may form one of the few extensioﬁs of the surface below
1600!' 0.D. in this area. Separating it from the scarp-face is
a succession of steeper slopes and amall benches.

Most of the Hillfoots valleys are of particularly steep-slded



Photograph 11. THE RED BRAE.
Boulder-clay infilling of a tributary
of the Menstrie Valley.

X" marks the point from which
the photograph was taken*
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form and show few Vvalley benches. Such as there are occur
mainly at the mouths of the valleys, as indicated by the letters
A - H In Pig. 8. They vary in height, but examples are found
in nearly all the valleys between 1250' - 1300!' Q.D; in all
but the Alve at ca. 1000!' 0.D. and in all but the Tillicoultry
at 800! 0.D. There are in addition smaller, lower benches, at
helights varying from 300' - 600! 0.D., in comparable positions
at the edge of the gorges that have resulted from the hang of
the valleys above the Lower Devon Valley.

All the Hi}lfoots valleys resemble'each other strongly
. in certaln important respects, although they may differ in many
minor detalls. Each 1s divisible into two sections - a lower,
in which the stream may descerrd as much as 700 - 800 feet iIn a
distance of less than a mile, by a succession of waterfalls
and gorges, and an upper, in which the gradient is much reduced,
and the valley more open, while the stream flows between steep
banks of boulder-clay (Photograph 4). Some modification of this
pattern occurs in the Ilfenstrie valiey, vhich is much wider than
those to the east ~ sane two miles, as compared to the Alva and
Tillicoultry valleys which are for much of thelr length less
than cne mile wide - and the only one with extensive valley
benches. Here the lower, gorge, section is less extensive, the
stream descending some 300 feet only. Upstream, the valley is
wider, although the stream itself occupies a deep, narrow trench
cut in rock, boulder-clay being absent until a point near the
head of the valley is reached., | The broad col that forms the
head of this valley has 4l ready been discussed.
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The Menstrie tribubary streams are of some interest,
reproducing on a smaller scale the features found in the larger
valleys. FEach joins the main stream by a series of narrow but
deep gorges, and upstream occuples a small incision into
boulder-clay. An lmportant feature of these valleys is that
they provide evidence of earlier gorges, which have been filled
with boulder-clay, now beirng removed (Photograph 1l).

The Alva Valley as a Twype Example

The characteristic features of the Hillfoots valleys are
well displayed in the Alva valley, which provides some evidence
for their dating, and whilch may be regarded as a type example.
For much of its length the valley sides rise steadlly and steeply
from the floor to the watershed, with a gradient (as measured
between surveyed ® ntours on the 1/25,000 map) frequently of
1l in 3, end occasionally less. These slopes are usually grass
covered, but characterised by =sma 1l terracettes, bare rock
appearing mainiy near the mouth of the valley, where it is
probably partly due to ice-actlion, and partly to the considerable
downcutting that has here taken place. Boulder-clay occurs
mainly in the upper part of the valley, where it forms sloping
terrace-like features on either side of the stream (Fig. 10,
Photograph 12).

At high levels certain benches apparently