


THE CUMBERLAND

GEOLOGICAL SOCIETY

Honorary Life President:
E. H. Shackleton, F.G.S.

PROCEEDINGS
1986-87

Volume 5 Part 1

Published by the Cumberland Geological Society. June 1988.






Contents

Glacial, periglacial and other features in Dovedale and
at Little Hart Crag - Dr.R.Clark

Excursion to the Penrith Sandstone - Dr.J.Cockersole

LECTURE REPORTS:
The Evolution of Northern England during the Permian
Period -~ Dr.D.B.Smith
The Geochemical Evolution and Geothermal Potential of
U.K. Granites with particular reference to the Lake

District - Prof.G.C.Brown

Facies variations within the Basal Lower Carboniferous
clastic rocks in East Cumbria - Dr.R.N.Kimber

Rocks, relief and glaciation in the Lake District -
Dr.R.A.Smith

The Lakes and Tarns of Cumbria - Dr.R.A.Smith
Caldera Volcanoes past and future - Dr.R.Macdonald

Some aspects of the Geology and Geography of
Svalbard - T.Shipp

OBITUARIES

ANNUAL DINNERS - 1986 and 1987

ACCOUNTS - 1986 and 1987

ANNUAL GENERAL MEETINGS - 1987 and 1988

LISTS OF OFFICERS OF THE SOCIETY - 1987 and 1988

page

82
86

90

92

98

106

110

113

121

121

122

124

124






THE GEOLOGY AND MINERALISATION
OF FORCE CRAG MINE, CUMBRIA

B.Young & A.H.Cooper

INTRODUCTION

Force Crag Mine (NY 200 216) at the head of Coledale near
Braithwaite has had a long history as a producer of lead and zinc
ores and barytes. Like many mines in the Lake District periods of
active mining and exploration have alternated with considerable
periods of abandonment. In recent years commercial interest has
again been shown in the property which now has the distinction of
being the only metalliferous mine working in the Lake District,
albeit on a small scale.

The mine's history and the broad aspects of its geology have
been outlined by several authors, e.g. Postlethwaite (1913),
Eastwood (1921) and Shaw (1970).

GEOLOGY

The Force Crag Vein occupies a roughly E-W trending fault
which cuts through mudstones and siltstones of the Ordovician
Skiddaw Group (Figure 1). The oldest part of the Skiddaw Group
cut by the vein (1.5km west of Force Crag) comprises the 900m thick
Loweswater Formation. This formation of turbiditic greywacke
sandstones is overlain by at least 1,500m of siltstone and
mudstone turbidites assigned to the Kirk Stile Slates by Jackson
(1978). The top of the Loweswater Formation is of early Arenig
age (approximately the Didymograptus nitidus subzone). The
overlying siltstones and mudstones on Grisedale Pike (NY 1988 2276)
are of probable early Arenig age (Isograptus gibberulus subzone)
but those on Outerside (NY 2110 2146) are late Arenig
(Didymograptus hirundo zone). The regional dip here is to the
south and at Force Crag Mine the Force Crag Vein cuts obliquely
through this sequence.

In Gasgale Gill (NY 1834 2146) the Force Crag Vein cuts the
junction between the Loweswater Formation and the overlying
undivided Skiddaw Group siltstones and mudstones. The vertical
displacement across the vein here appears to be small. At Force
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Fig.l FORCE CRAG MINE - GEOLOGY AND MINE ENTRANCES

Crag there are no definite markers which enable the amount of fault
displacement to be estimated.

In the vicinity of Force Crag Mine the generally southerly dip
of the siltstones and mudstones of the Skiddaw Group is disturbed
by abundant early slump folds. These folds are commonly
recumbent, disrupted and confined between bedding-parallel shears.
They are refolded by early Devonian (Acadian) folds which exhibit a
generally ENE trend. The later folds have an associated upright
cleavage which is moderately developed, a N to NW trending cleavage
is also observed locally. These two cleavages are cut by another
sporadically developed low-angled cleavage.

The Force Crag Vein runs parallel to and just north of the
gradational northern boundary of the Crummock Water Aureole. This
elongate aureole may be associated with a major basement fracture
and is of probable early Devonian age. Stanley & Vaughan (1982)
have proposed a Carboniferous age for the main mineralisation in
the Force Crag Vein, though the structure may have been initiated
at an earlier date and may have been influenced by the pre-existing
aureole and associated buried intrusion.

MINERALISATION

Force Crag Vein can be traced for at least 3 miles (4.8 km)
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Fig. 2 FORCE CRAG MINE - SIMPLIFIED PLAN AND VERTICAL SECTION
THROUGH MINE WORKINGS.

from the foot of Gasgale Gill im the west to Coledale Beck in the
east. Mineralisation is not continuous along the vein and is
most abundantly developed in the neighbourhood of Force Crag Mine
(NY 200 216), though unsuccessful trials have also been made on

it in Gasgale Gill (NY 163 210). The vein has been explored
vertically over at least 350m, a greater vertical interval than
most veins in the Lake District orefield. Laterally the workings
extend over a distance of 1,200m. Payable mineralisation has
been found and worked at several levels (Figure 2).

Unlike many orefields the Lake District field exhibits little
or no lateral zonation of constituent minerals within the deposits.
This is in striking contrast to the nearby Pennine fields. In
part this may reflect the long and relatively complex history of
mineralisation. - However, within several veins in the Lake
District, where exploration and development have been carried out
over a large vertical range, a vertical zonation of component
minerals is apparent. Force Crag Vein provides one of the area's
best examples of this.

Throughout the Force Crag workings the vein is reported to
have averaged about 1.5m in width, though widths of up to 6.1lm have
been measured locally. Both the hanging and footwalls are
typically well defined. The vein generally hades northwards at



about 75° though it is vertical in places (Eastwood, 1921, p.21).
In the lower parts of the mine, below No.l level, the vein divides
into two parallel fractures separated by up to 4.6m of barren
ground. Several small strings diverge from the vein in places,
though these are mineralised only near the intersections.

Above the High Force Level baryte (BaSO4) is the main
constituent, accompanied by abundant manganese and iron oxides and
a little quartz. The baryte is typically coarsely crystalline
with individual crystals commonly up to 1l5cm across. Much of it
is almost pure white though locally it assumes a very pale pink
colour. Near outcrop some is considerably stained by brown iron
oxides. Large well developed tabular baryte crystals have been
found in vugs. By far the major proportion of the mine's output
of barytes was obtained from ore-shoots in these upper levels.

Hard black to dark grey manganese oxides, generally referred to as
'psilomelane’, are common as massive reniform or stalactitic
masses. Excellent examples may be collected from the dumps on the
hillside between High Force Level and the vein outcrop in the open
stopes. In addition to its presence in the vein 'psilomelane'
also occurs here as reniform nodules within the siltstone and
mudstone wall-rock. The precise nature of the mineral or minerals
present in this material has yet to be identified. Soft, earthy
black manganese oxides, previously referred to as 'wad' also

occur. Recent investigation of some of this material has revealed
the presence of the relatively new mineral tcdorokite
((Mn+2,Ca,Mg)Mn3+407.H20). Small tonnages of manganese ores are
believed to have been sold in the past. Goethite (FeO(OH)) may
also be found here as dark brown reniform masses with an internal
banded fibrous structure. Galena and sphalerite are almost absent
from the upper levels of the mine.

When traced downwards below High Force Level the vein becomes
barren of almost all but massive white quartz. This part of the
vein may be followed in the gully on the north side of Force Crag.
Exploration underground by the Laporte incline failed to find
economic mineralisation in this interval.

Economic mineralisation reappears in the Number 3 Level near
the foot of Force Crag. Here, and in the lower levels, sulphides
become common with sphalerite and galena as the main econcmic
minerals. Baryte is generally present only in subordinate amounts
though workable pockets of this mineral have been found locally.

Sphalerite (ZnS) is abundant as dark brown to almost black
coarsely crystalline bands. Numerous large vugs are lined with
lustrous sphalerite crystals up to 2cm across, commonly associated
with pale brown siderite. Force Crag Mine has long been known as
a source of very fine specimens of sphalerite, examples of which
are to be seen in many museum collections.

Galena (PbS) is less abundant than sphalerite. It typically






could conceivably be present at Force Crag. The record by
Kingsbury & Hartley (1957) of scheelite at the nearby Scar Crag
Cobalt Mine is interesting in this context, as the occurrence there
of tungsten could perhaps have allowed stolzite to form in that
vein. If so, the Scar Crag Vein could have been the source of
Greg & Lettsom's stolzite. At that time locality details were
often imprecise and specimens from here may have been listed as
from the better known and more prominent locality of Force Crag.

AGE OF MINERALISATION

Force Crag Vein is a member of the suite of Lake District
veins dominated by lead, zinc and baryte to which Stanley & Vaughan
(1982) have assigned a Lower Carboniferous age. The presence of
inclusions of antimony minerals is characteristic of the galena of
veins of this age and may result from remobilisation of antimony
from vein deposits formed during an earlier, perhaps Lower
Devonian, episode of mineralisation (Fortey et al., 1984).
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through Long Comb. It is well exposed above the portals of two
short adit levels driven along it. These exposures show sev.ral
parallel bands up to 0.5m wide, within an overall width of up to
1.5m, composed of massive quartz with abundant chlorite. In these
bands occur local concentrations of arsenopyrite (FeAsS) much of
which has weathered to cellular pockets of pale green to brown
scorodite (Fe+ AsOy4.2H0). Dark red hematite staining is common
along fractures and joints. Abundant spoil from the levels shows
concentrations of large (up to 5Smm diameter) prisms of white to
cream apatite in chlorite-rich quartz veinstone.

Other minerals reported from the vein include alloclasite
((Co,Fe)AsS), glaucodot ((Co,Fe)AsS) and skutterudite (CoAs2-3)
(Ixer et al., 1979), childrenite (Fe*ZAl(P04)(OH).H20), loellingite
(FeAs)) and scheelite (CaW0;) (Kingsbury & Hartley, 1957) and
kaolinite (AleizOS(OH)4) (Strens, 1962). Much, if not all, of
the smaltite noted by Postlethwaite (1913) may be skutterudite.
Erythrite (Co3(As04)9.8H20) has also been recorded (eg Postle-
thwaite op.cit., Davidson & Thomson, 1948), though Kingsbury &
Hartley (op.cit.) found that much pink material which superficially
resembled erythrite was either scorodite or altered apatite.
Unsuccessful attempts to work the Scar Crag Vein for cobalt last
century have been outlined by Postlethwaite (op.cit.).

Stanley & Vaughan (1982) have suggested an early Devonian age
for the Scar Crag Vein. Very similar quartz-chlorite-apatite
mineralisation, though without sulphides or arsenides, has been
noted in Ennerdale (Eastwood et al., 1931; Clark, 1963) and recent
work by the author suggests that this type of mineralisation may be
widespread in the area.

DESCRIPTIONS OF WAVELLITE AND VARISCITE

Specimens of these two minerals have been collected in situ
from a quartz rib within the vein exposed at the eastern end of the
stope in the upper level of the mine. In addition small specimens
have also been obtained from loose blocks of exactly similar
veinstone lying in the stope. Both wavellite and variscite are
commonly found on the same fragments of veinstone. The only other
mineral found in close association is scorodite which is tommonly a
pink cobaltian variety.

Wavellite occurs as colourless to white acicular crystals
forming flat radiating or spherulitic aggregates up to l0mm across
coating fracture surfaces in massive white quartz. The mineral is
commonly very difficult to see against the quartz and is easily
overlooked. Very rarely small hemispherical spherules up to 2mm
across occur within small cavities in quartz.

Variscite typically forms bright turquoise-blue to green
crystalline, and in places enamel-like, crusts up to 1.5mm thick
coating fracture surfaces and lining small cavities in quartz. In
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the Birkbeck Fells to the Howgill Fells with their apparently non-
radial valley pattern. He described the whole upland as having a
shape resembling an upturned 'caddy-spoon' with opposed valleys
from a linear watershed along the eastern handle and the radial
pattern in the centre and west.

Linton (1957) applied to the Lake District the idea that ice-
streams overflowing from one valley to another could break mountain
masses into smaller, discrete units and effect permanent changes to
drainage systems. He suggested that since vigorous ice flow could
modify drainage patterns, the Lake District valley patterns might
have been modified, with the present radial pattern being a lately
acquired characteristic. In particular he suggested that the
modifications had taken place at the expense of an earlier system
of north- and south-directed valleys from an original watershed
running from near Crag Fell, south of Ennerdale, east to Shap Fells
and beyond. Although certain western valleys (upper Cocker
(Buttermere), Ennerdale, Wasdale) had developed by adjustment to
existing structures, they had been further opened by ice. He
discussed neither a possible origin of the earlier pattern nor the
discrepancies between it and the orthodox pattern, although his
proposition removed a need for the previous explanation of radial
drainage but created a possible conflict between central doming and
lateral watershed.

Bott (1974) noted the possible contribution of crustal mass
deficiencies associated with large, low density granite intrusions
to the initiation and maintenance of high ground in the Lake
District. The distribution, trends and gradients of gravity value
variations and the locations and intensities of negative anomaly
areas are of great interest in considering relief diversity. More
recently, Moseley (1978) acknowledged that several Lake District
valleys followed linear structures in Lower Palaeozoic rocks.
Nevertheless he continued to regard the valley pattern as radial
and sustained the orthodox tripartite account of the landscape
while noting that details merited closer scrutiny.

This paper discusses the compatibility of these explanations
with landscape observations and considers whether there are
significant landscape characteristics omitted from the existing
explanations.

DISCUSSION

i. The orthodox account of Lake District relief

Firstly, it is necessary to consider the degree to which the
present valley pattern can be described fairly as radial, for that
ascription is the basis of the established account and Linton's
alternative. It is also important to assess what aspects of
valley pattern are most in need of explanation. It should as well
be noted that even if a pattern is accepted as radial, notions of
doming and superimposition require independent assessment. Nor
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troughs in the Lake District lie close to the east-west watershed
but are located along more than half its length, rather than
confined to a small central area of ice dispersal. It is not
evident that any widespread disruption of drainage by ice erosion
took place. The diversion of the Aira Beck from Matterdale to
Ullswater is on a col scoured by ice escaping from the south into
Matterdale. Not only does the water now go the opposite way to
eroded ice, but actual diversion may have been effected by
meltwater erosion during deglaciation rather than by ice erosion.
The Swinside (Derwentwater) col, a site of ice diffluence, has

not become one of permanent diversion. Isolation of such hill
areas as Setmurthy Common and Mosser Fell, though probably
emphasised by ice action, may have been facilitated by structure,
and in neither case is permanent diversion of drainage by ice
demonstrated. Small examples of possible loss of headwaters by
Miterdale and Mosedale to Eskdale might be, but are not certainly,
due to ice erosion. Ennerdale, Great Langdale, and the Buttermere
valleys, least divergent in direction from the east-west watershed
among those which head near it, show no convincing signs of having
their courses determined by ice erosion. Thus diversion of major
drainage lines by cross-cutting glacial troughs has not been
established for the Lake District. Nor, too, can it be
demonstrated that the isolation of the Skiddaw block was
accomplished by ice erosion.

It is also notable that Linton did not put forward specific
examples of modification to support the general assertion.
Furthermore, the present distribution of greatest precipitation,
the locations of glaciers in the short but severe Loch Lomond
Stadial, and the distribution of landforms due to intense erosion
by ice combine to suggest that a Lake District ice dome would be
markedly elliptical with two unequal culminations and extend about
30km from east to west. That would not be conducive to
development of strongly-centred ice discharge with power to
refashion the valley pattern. The conclusion is that the main
valleys and principal watershed pre-date the Pleistocene
glaciations.

iii Lineaments in Lake District landscapes

The presence of prominent fault or crush zones traversing the
upland is well-known. The Threlkeld-Grasmere line is the example
perhaps most often cited of a linear relief feature following a
line of weakened rock. The number of such lineaments and the
manner in which they divide the area into blocks of terrain have so
far received little attention. Not all Lake District lineaments
follow the traces of known faults though many share directional
trend with mapped faults and major joints. Courses of selected
lineaments are shown in Figure 2 and it can be seen that there are
four main trends, one a little east of, another somewhat west of
north, the others grouped close to north-east and east-north-east.
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Fig.2 SKETCH MAP SHOWING LOCATIONS OF PRINCIPAL VALLEY AXES,
WATERSHEDS AND LINEAMENTS.
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main and/or subsidiary watershed parallel with or close to
lineament,

asymmetric pattern of valleys, one or more major internal
stream(s) parallel with lineament,

streams joining at similar' angles to lineament junctions,
trunk streams close to block boundaries.

These are characteristics of the sorts which were noted above
as contributing to indicate that valley patterns were unlikely to
be superimposed. In association they are diagnostic of fault-
block landscapes (Cotton, 1948, Ollier, 1981) and structural
control of landform patterns.

iv  Cenozoic environments and processes

Cretaceous chalk continued to accumulate, as in Denmark, after
deposition ceased over the British Isles, presumably due to uplift.
The raised surface of chalk has been regarded as the initial land
surface on which a new landscape became etched. The primary form
of that surface has been of interest on both local scales (cp Marr,
1916) and regional (Linton, 1951, Sissons, 1960, Walsh, 1966 and
George, 1967). In the west of the British Isles only Northern
Ireland retains sufficient chalk to give general evidence of the
nature of its bed (George, 1967). Most of the present irregularity
of the sub-chalk surface there is demonstrably Eocene and later.
The Cretaceous sea bed had very little relief and was cut
indifferently across rocks of Dalradian to Liassic ages and across
Highland and Southern Upland Boundary Faults. The significance
for the Lake District is that adjacent tectonic relief has been
suppressed and young Mesozoic sedimentary rocks subjected to
erosion. Lias survived in Northern Ireland, as in the Solway
Basin, but its pre-Cretaceous removal in parts of north Ulster
indicates some phase of late-Mesozoic uplift.

Given the proximity of Northern Ireland, the thickness of
chalk in western Britain, and the shared tectonic setting, it is
probable that the Lake District accumulated at most a thin cover of
Cretaceous rock. Evidence for Northern Ireland is again relevant:
by the time the early Cenozoic basalts were erupted, erosion had
removed some of the chalk cover particularly in the vicinity of the
boundary faults, indicating both tectonic control of early uplift
and effective early erosion. Present relief on early Cenozoic
intrusions also suggests rapid Palaeogene erosion with some 800 -
1500m of rock being removed just to expose the plutons.

Further inroads into the plutons testify to continued effect-
ive combination of uplift, high precipitation, and steep slopes.
The rapid denudation of young plutons stands in contrast with the
lower degree of contemporary attack on Caledonian granites. Some
of these were uncovered and re-covered in Upper Palaeozoic times
yet are not re-exposed, while others retain portions of their roof

26















in earlier orogenic episodes. The Ennerdale, Eskdale, perhaps
Threlkeld, and Shap (Kimber and Johnson, 1986) pluton culminations
were exposed before the end of the Upper Palaeozoic, and may have
acted at that time to locate areas of greatest uplift and erosion
prior to subsidence and burial beneath Upper Palaeozoic sediments.
Now none of the highest summits and only a handful of the second
rank summits are on intrusive rock. Of the highest hills, the
Scafell group is in an area of considerable negative gravity
anomaly (Bott, 1974) and Skiddaw is near a very well-defined
negative anomaly, Helvellyn and High Street are on a 'saddle'
between high and low values. The main areas of negative anomaly
are outside the central part of the Lake Digtrict where the
Threlkeld microgranites are the only plutonic rocks to be exposed.

Any unity the pluton may once have had was lost in such a way
that at latest by mid-Cenozoic times sections appear to have
functioned as basements of discrete terrain blocks. Some blocks
were lifted with pronounced outward downtilt, inner rims and
in-facing scarps. East of the Threlkeld - Grasmere line the
principal direction of downtilt is to the east, in the Skiddaw
block to the north, and in the south-west blocks to west and south-
west. The country between Scafell Pike, Skiddaw and Helvellyn is
crossed by several straight and curved lineaments. Despite the
consequent terrain complexity there are indications of block
asymmetry with some scarps facing into the arc south to west.

The pattern of granite outcrops, negative gravity anomalies,
principal summits and terrain blocks gives the impression that the
outer parts of the western and Shap granites have sagged towards
the bounding troughs while the inner parts of associated blocks
were raised. How it is that the Skiddaw Granite remains so
little exposed and the Helvellyn ridge has been so much raised,
though distant from exposed granites and not in an area of strong
negative anomaly, are among questions prompted by the pattern.

The valleys which with Ennerdale contribute most to the
impression of radial drainage parallel known faults. The upper
Cocker (Buttermere) valley follows the northern flank of the
Ennerdale Granophyre where sharp lateral gravity variation may have
induced movement. North of Buttermere the valley follows linear
faults and lineaments. The head of Great Langdale adjoins the
zone of cols and depressions which continues from the head of
Ennerdale by Windy Gap to Rossett Gill. Though in its lower
reaches Great Langdale departs from the high block edge of Bow Fell
it follows a fault trend matching that of the Ennerdale line.

vii The significance of summit altitudes

Marr (1916) suggests that Skiddaw, built of weaker rocks than
are the Scafell Pike and Helvellyn areas, will duly be eroded to a
much lower level so losing its place in the hierarchy of summits.
In doing so Marr tacitly implied that Skiddaw had once been higher

31



than now and higher than the other summits and hence that the
present correspondence of heights is entirely ephemeral. That the
summits should have come to match so closely just in time for
contemporary observation is a large and curious coincidence made
larger by a similar argument (Sissons, 1967) being used to account
for the present close match of highest summit altitudes along the
Southern Uplands of Scotland. It is no less likely that
correspondence of heights will long remain and has so remained over
a long period of time for it is consequent not on rock types and
erosion alone but reflects their interplay with mass, temperature
and stress attributes of the local crust. Consequently the
similarity of heights may be determined by uplift as much as by
erosion.

CONCLUSION

Several fundamental landform characteristics of the Lake
District are not explained in the orthodox account of landscape
development. That account owed much to rather uncritical accept-
ance that the valley pattern was highly radial and discordant upon
structures in the Lower Palaeozoic rocks. The scale and persist-
ence of tectonic activity after the late Cretaceous uplift was less
well-known when the orthodox account was constructed, though it was
clearly sufficient to disrupt landscapes formed in early Cenozoic
times. Also, the concealed form of the local intrusions had not
been interpreted in detail. There is now more understanding of
how their complexity would influence both Cenozoic crustal strain
and large-scale landforms. The classic tripartite account relied
as well on appeal to superimposition which is not necessary to
understanding of local landscape and for which the present valleys
provide no obvious support.

The required alternative synthesis must at present contain
provisional elements for it has to accommodate major features
recently appreciated and only partly understood. Its initial
departure from the orthodox explanation is in stressing probability
of relative thinness or absence of Upper Mesozoic sedimentary cover
and unevenness of initial uplift. It includes the proposition
that landscapes formed in the Palaeogene would be disrupted by late
Oligocene and Miocene earth movements. It could accept evidence
that tectonic movement continued into Pliocene or even Pleistocene
time. The present major relief features are regarded as dominantly
a product of post-Oligocene block movement and denudation affecting
surfaces established in a Palaeogene phase of landscape development.

Although some of the stripping of sedimentary cover is of
relatively recent occurrence at the hill margins, the likelihood
that the cover was thin over the central area implies that the core
of older rocks would be re-exposed early in the Cenozoic. Thus
structures in the older rocks, inherited and new, would have early
influence on the progress of erosion. The pattern of Upper
Cretaceous - Eocene uplift is not surely known and correspondence
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between Palaeogene and Neogene landscape patterns cannot be
assessed at present.

The framework outlined is compatible with recent interpret-
ation of Northern Ireland's landscapes (George, 1967) and appears
able to accommodate pervasive features not taken into account in
the orthodox tripartite explanation. There is abundant room for a
more detailed developmental history and there are prospects that
landscape problems of the types touched upon in the present
discussion can be investigated within the limits of that framework.
Of major value would be an assessment of precise locations of
lineaments as rock partitions rather than as landscape areas and of
the nature of rock movements along their courses.

The interpretations of Lake District scenery advanced in the
discussion may stimulate more examination and enquiry. The
authority of the established account seems to have protected it
from scrutiny for rather a long time.
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SOLWAY BASIN.

syn-sedimentary or growth faults along the northern margins of the
basin, with the North Solway fault exposed on the coast near
Dalbeattie providing a good example (Deegan, 1970). Well exposed
coastal sections here show the fault actively controlling the
sediment supply and deposition of fanglomwerates, with a rapid
transition from scree breccia along the fault line to reworked fan
breccias and sandstones a short distance away.

UPPER CARBONIFEROUS

By Silesian times differential subsidence had largely ceased
although it persisted longer on the northern flanks, as illustrated
by the significant unconformity between the Upper Namurian and
Westphalian A at Canonbie and the abbreviated Westphalian B
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sequence at Sanquhar. Widespread delta-top swamps eventually
covered the whole region, resulting in the thick peat deposits
which have yielded our northern coalfields. Deposition continued
around the Solway basin into Westphalian D, much later than in the
coalfields of N.E.England, and cumulating in a thick 'red bed'
sequence, illustrated in Figure 3. However, a significant
difference can be recognised in this phase across the basin with an
erosional episode affecting the southern flanks alone, resulting in
widespread reddening of the exposed Dinantian, Namurian and West-
phalian stratda (Eastwood et al., 1968). This reddening of older
exposed strata is distinct from the deposition of the highest
Westphalian D 'red bed’' strata which particularly characterises the
Canonbie sequence. The 'red beds' consist of reddened sandstones
and shales with occasional fresh-water limestones containing the
fossil Spirorbis, suggesting deposition in shallow lakes within an
emergent land area and indicative of the onset of rather arid
conditions. The most likely cause of this Westphalian emergence
has been described by Johnson (1982) as resulting from a eustatic
lowering of sea-levels.

The Variscan Orogeny marks a geological watershed, resulting
in the folding of the Carboniferous strata of Northern Britain into
broad synclinal basins with erosion stripping away Upper Carbon-
iferous rocks on the intervening anticlinal regions. The prolonged
period of denudation resulted in an angular unconformity between
the Carboniferous and the overlying Lower Permian beds; the
deposits of the Solway basin were preserved in one of these
synclinal regions.

PERMO-TRIAS

The Permo-Triassic sequence of the basin is only exposed in
marginal outcrops but has been proved in the Silloth No.l well,
25km west of Carlisle, which reached a depth of 1342 metres and
terminated in what was believed to be Lower Carboniferous rocks.

A summary geological log is given in Figure 4 and the significance
of the findings is considered in Gale, Carruthers & Evans (1984).

The north-south compression of the Variscan Orogeny was
followed by an east-west tensional phase which led to the formation
of the major oil-bearing grabens of the North Sea (Glennie, 1984).
Strike-slip fault movements associated with this tensional phase
also resulted in the development of a number of smaller north-south
trending half-graben basins with faulted eastern boundaries in
western Britain. These include the Clyde, Stranraer, Dumfries,
Lochmaben, Eden, Irish Sea and Cheshire basins. While deposition
in the Solway basin continued throughout this period until at least
the Lower Lias, this may not have been an expression of further
regional downwarping but rather of subsidence along the lines of
the north-south aligned basins of Eden, Lochmaben and Dumfries.

The Permo-Triassic rocks of the Solway area are largely
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continental in origin and are characterised by their strong red
coloration, indicative of arid depositional environments. Since
the earliest Permian sediments contain no fossils their precise age
cannot be ascertained and since the boundaries between the
different formations are diachronous, it is more satisfactory to
recognise three lithostratigraphic units. The oldest unit is
represented by the Penrith Sandstone and the north-south trending
basins around the Solway area all contain very thick sequences of
aeolian sandstones and outwash fan deposits that are characteristic
of this unit. In contrast these desert deposits appear to be
absent around the margins of the Solway basin where the younger St.
Bees Shale or St.Bees Sandstone units (Arthurton et al., 1978),
which are fluviatile deposits, lie unconformably on Carboniferous
rocks. However, the Silloth No.l well (Figure 4) proved the
presence of over 300 metres of aeolian sands beneath the St.Bees
Shales while a further exposure of aeolian sandstone can be seen in
the River Esk below Canonbie. These provings suggest that
sequences of the lowest aeolian unit may have been preserved in
extensions of the north-south basins concealed beneath the younger
and more extensive Triassic fluviatile sediments. A further
intriguing question, as yet unproved,. concerns the possibilities of
significant thicknesses of evaporites being present in the Solway
basin. Thick deposits of gypsum/anhydrite have long been known
and exploited in the shales of the Eden basin and in West Cumbria
(ibid). The presence of similar deposits in the Solway basin
could have significant hydrocarbon implications.

ENERGY IMPLICATIONS OF THE SOLWAY BASIN: 1. COAL

The important coalfield of West Cumberland has long been
exploited and the extension of this coalfield along the north-west
flanks of the Lake District between Maryport and Bolton, near
Wigton, is fairly well known (Eastwood, 1930). Although under-
ground mining in this district ceased many years ago, records show
that seams tend to thin and deteriorate northwards and are buried
beneath increasing thicknesses of Permo-Triassic beds.
Consequently there has been little interest in underground mining
prospects in this district.

The area in the north-east near Canonbie offers a much more
attractive prospect, for here coal mining commenced in the
eighteenth century and continued until the closure of the Rowanburn
mine in 1922 (Barratt and Richie, 1945). The Productive Series of
the Westphalian extend from the small exposed coalfield southwards
beneath the younger cover. Spasmodic exploration has occurred over
the past thirty years and has established the presence of an import-
ant coalfield with a large tonnage of workable reserves lying in a
synclinal area between Canonbie and Longtown. Recent boreholes
have proved seams of 2 and 3 metres thick lying at depths of 300 to
400 metres. However, the complicated pattern of faulting proved in
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EXCURSION NOTES

THE SKIDDAW GROUP NEAR LOWESWATER

Leader: Dr.P.M.Allen

9th June, 1985

The party met at the car park near the head of Loweswater
(NY 121 223).

Locality 1. Darling Fell (NY 125 224)

Here Dr.Allen outlined the structural history of the Skiddaw
Group. Four fold-phases have been recognised: (a) first folds -
recumbent with no cleavage; (b) second folds which are open
cleavage folds representative of the main Caledonian event; (c)
third folds which are sideways-closing, open folds, with a
cleavage and (d) fourth folds which are minor structures in kink
bands.

The regional trend of the second folds and the associated
cleavage is NE to ENE, but at this locality in thin bedded grey-
wacke and mudstone of the Loweswater Flags a first fold was seen to
be re-folded by NW-trending second folds. This orientation for
second folds prevails in this area. The reason is not fully
understood, but it can be explained using the transpression model
for closing of Iapetus; i.e. closure of the ocean in one simple
compression combined with sinistral shear.

Locality 2. South flanks of Low Fell (NY 136 221)

An excellent series of exposures in the hillside of a series
of recumbent first folds stacked on top of each other in Loweswater

Flags. The folds are overturned to the east. They are part of a
major first fold anticline which can be traced from here for
several kilometres northwards to Harrot. The direction of closure

is opposite to that of the major first fold on Robinson. This was
the most important clue to suggest that these folds were slumps
and not of tectonic origin.
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Locality 3. 01d Quarry on Darling Fell (NY 127 222)

Several exposures of Loweswater Flags were examined in and
near the quarry, showing structures relating to the first fold
deformation including variably plunging minor folds and eastward-
directed thrusts. The evidence for the direction of movement un
the thrusts is present in overturned beds just above the road.

The party then drove to Lanthwaite Green car park (NY 158 207)
and had lunch.

Locality 4. Liza Beck (NY 164 211)

From here onwards the excursion was to look at the Crummock
Water hydrothermal alteration zone. This zone is 25km long, 3km
wide and extends from near Quterside towards Egremont. It is
interpreted as resulting from the hydrothermal alteration of the
Skiddaw Group by fluids derived from a buried granite.

Exposures of Kirk Stile Formation mudstone on the hillside
above the beck at the edge of the alteration zone are medium to
dark grey. Downhill they gradually become paler grey; such
bleached rocks characterise this zone. Immediately above the beck
in an exposure of Loweswater Flags, many minor first folds display
structures indicative of a slump origin.

The party returned to the car park and drove to the Cinder-
dale Beck car park (NY 162 194). They walked across the fellside
to Rannerdale Knott.

Locality 5. Above Cinderdale Beck (NY 165 195)

Here the Kirk Stile Formation mudstone is bleached pale grey,
hard and splintery. There is a strong jointing, spaced 2 - 5cm
trending roughly E-W which is presumed to represent the cleavage.
The alteration is later than the cleavage. Tourmaline veins are
common within the zone. This black mineral is a complex aluminium
borosilicate with alkali metals, iron and magnesium. It forms in
veins several metres wide, commonly brecciated and veined by
quartz. Lumps of both are found in the screes.

Locality 5. Rannerdale Knott car park (NY 165 184)

This area of very complex folded rocks is near the southern
margin of the alteration zone. The rocks are bleached and
extensively tourmalinised. In the rocks above the small car park
beds a few centimetres thick are totally replaced by tourmaline.
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GRANOPHYRE - GRANITE - B.V.G. BOUNDARIES IN WASDALE

Leader F.Jones

l4th September, 1985

The aim of this excursion was to examine the junctions between
the Ennerdale Granophyre, the Eskdale Granite and the Borrowdale
Volcanic Group.

Two excursions have visited this district in recent years to
examine the Eskdale Granite (Slater, 1978 and Burton, 1981). These
notes include information from observations made by the leader in
1984, which is illustrated in Figure 1. Firman (1978) reviewed
the evidence concerning the origins of the Ennerdale Granophyre and
the Eskdale Granite, while Clark (1964) in a paper on the Borrowdale
Volcanic Series suggested that the emplacement of both intrusions
was controlled by the base of the B.V.S. rocks.

Both the boundaries of the intrusive rocks and their aureoles
are poorly exposed while the small scale geological maps are
difficult to interpret. The Ennerdale Granophyre appears to lie
on top of the granite, possibly forming a 'cap rock' for it. The
granophyre contains more ‘pink perthitic feldspar than the latter
but is much finer grained and has graphic intergrowths of alkali
feldspar and quartz. The granitic rocks and lavas appear to merge
along zones up to 50m wide except in the area west of Sealatter
where dacite and granophyre combine in a band of composite rock
approximately lkm wide. The proximity of the boundary may often
be recognised by perthitic phenocrysts in the andesitic matrix or
by ingrowths of granite veins into grey outcrops with hardening of
adjacent rocks. These features may be recognised in three areas
shown in Figure 1:

1 North Birk Crag area

The granophyre is largely hidden in the Blengdale area, but
fellside crags (125 065) define the boundary as far as Cat Bields
(130 070) which is andesitic. Birk Crag (127 080) is composed of
a coarse grey crystalline rock intermediate beyween granite and
dacite.
2 Central 'island' of granophyre at Windsor Farm

This isolated area is somewhat masked by loose weathered
granitic material, but good exposures of its southern margin can be
found along the road (120 053).
3 Granophyre in Nether Wasdale

Good exposures of the boundary with the B.V.G. are found in
Gill Beck (130 055) and at the water edge towards the pump house
(155 058) where the granophyre disappears beneath Wastwater.
Further south the junction between the granophyre and the Eskdale
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A fault on the west side of Crook Crag that downthrows east-
wards juxtaposes (SD 195 986) the drift covered outcrops of the
Great Whinscale Rhyolite and the lowest marker unit, the garnet-
bearing tuff, indicating a displacement of .circa 700m and
illustrating the importance of these lithologically distinctive
units when mapping the sequence of lavas.

Continuing southwards towards Broad Crag, across faulted
ground, the outcrop of the Great Whinscale Rhyolite is found at
SD 196 982 and can be followed along strike south-westwards to
Highford Beck (SD 187 914) before it is lost beneath drift cover.

In the ill-exposed ground between Highford Beck and Rough Crag
(SD 185 966) are numerous exposures of a pink weathering, acid
rock. The outcrop pattern suggests these exposures are part of an
extensive sheet that is inclined subparallel to the present-day
topographic slope. When the 60° dip of the Borrowdale Group along
with the 10° slope gradient are considered, the original
disposition of the sheet must have been subvertical. Petrographic
studies reveal vitroclastic textures indicating that the rock was
fragmental and pyroclastic in origin, i.e. an ignimbrite. The
outcrop pattern and discordant relationships with the sequence of
lavas suggests that the rhyodacitic ignimbrite may be preserved
within a fissure vent, possibly a feeder dyke for the Airey's
Bridge Formation in the upper part of the Borrowdale Volcanic
Group. The contact between the ignimbrite and the lavas is only
exposed at SD 185 967 on the north side of Rough Crag, where a
flow-foliation is developed in the ignimbrite close to its margin.

Near the base of Rough Crag andesitic ignimbrites and bedded
tuffs are intercalated within the sequence of lavas. The highest
ignimbrite is lithologically uniform, has a well developed
eutaxitic texture and contains abundant lapilli in addition to the
fiamme.

After examining the sequence on Rough Crag members made their
way to Brown Rigg where the Society's excursion secretary proposed
a vote of thanks to the leader.
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represented by approximately 75m of conglomerates and sandstones
(Basement Beds), overlain by approximately 50m of sandstones and
impure limestones (Orton Group), overlain by the Melmerby Scar
Limestone (base of Alston Group, Asbian Stage of Dinantian), The
Melmerby Scar Limestone outcrops to form Delfekirk Scar and can be
traced into Gasdale to the major spring source of Murton beck

(744 229), then back out of the valley to Murton Crag. The
Carboniferous succession dips at approximately 10° to the east and
unconformably overlies the Skiddaw Group. Abandoned mineral
workings occur at White Mines (744 226) and traces of extensive
surface exploration along the line of the Murton Fell North Vein
could be seen crossing the fells beyond. Several members of the
party visited the spoil heaps later in the morning to collect
specimens of galena and barytes.

Beyond Delfekirk Scar the bulk of Roman Fell lies to the south
of Swindale beck. Field mapping in this area has demonstrated
thickness and facies variation in the Lower Carboniferous which are
interpreted as evidence of differential basement movements across
a hinge line during sedimentation (see also Burgess and Harrison,
1967).

The party now traversed across the hillside to the screes
below the Melmerby Scar Limestone outcrop at Murton Crag (736 227).
Examples of several coral groups and some brachiopods were found.
At this point the leader stated that to save a further 150m of
steep ascent, the party could accept his word that Skiddaw Group
rocks formed the summit of Murton Pike (735 232) - one person went
to confirm this. Consideration of the data plotted on to the
field slips appeared paradoxical with Skiddaw Group mudstones
occurring both below and above the Melmerby Scar Limestone of
Murton Crag. Clearly these relationships could be explained in
terms of a reverse fault which brought older rocks up from the west
to overlie the limestone. The orientation of the fault plane was
determined from the map as striking 163° and dipping 20° SW - at a
shallower angle than is indicated on the Geological Survey Special
Sheet, Cross Fell Inlier.

The party then descended the hillside and travelled to Dufton
(690 250) for a lunch stop at The Stag Inn, enjoying en route a
splendid view of the black crags of the Whin Sill standing out
amongst the snows of High Cup.

The afternoon section of the excursion consisted of a circuit
around Dufton Pike to demonstrate the variety of rock-types present
in the Cross Fell Inlier. The inlier stretches for 25km from
Roman Fell to Melmerby and is 1 to 3km wide. It includes the
pre-Carboniferous rocks of the Alston Block (e.g. Skiddaw Group
rocks in the upper part of Murton Beck), toether with the
upfaulted Lower Palaeozoic rocks within the Pennine Fault Zone.

The latter include representatives of the Skiddaw, Borrowdale and
Windermere Groups of the Lake District, and occur as a large-scale
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fault breccia - the faults separating adjacent rock-types often
being eroded by glacial meltwater. Hence the more resistant
rocks, e.g. Borrowdale Volcanics, form many of the upstanding
'pikes' (Dufton Pike, Knock Pike), that give this area its unique
topographical character.

From the north-west corner of Dufton village, the party
followed the Pennine Way into Hurning Lane across drift-covered
Permo-Triassic St.Bees Sandstone until, 250m north of Coatsike
(689 259), a break-in-slope marks the line of the Outer Pennine
Fault at the western margin of the Pennine Fault Zone. In the
eroded track side at 691 265, grey, partly calcareous mudstones of
the Upper Ordovician Dufton Shales (correlated with the Coniston
Limestone Group) were located. No sooner had the leader remarked
that this particular outcrop was not very fossiliferous, than
eagle-eyed members of the Society located brachiopods (including
Oniella) and fragments of trilobites and graptolites. In a further
250m, a stone wall at 691 268 containing blocks of pink porphyritic
microgranite with phenocrysts of muscovite, quartz and feldspar,
marked the adjacent outcrop of the Dufton Microgranite at 693 268.
This minor intrusion is thought to have a dyke-like form and
similar bodies, occuring for example at Shap Fell and at Brown
Howe, Coniston, all appear to be late intrusions associated with
the early Devonian emplacement of the Lake District granites.

The route continued over Cosca Hill to the ford over Rundale
Beck (692 273) where a diversion was made following the footpath
down the northern side of the beck to its junction with Swindale
Beck (Knock). Adjacent to the footpath several erratic blocks of
Shap Granite were located. Lake District ice advanced right
across the Vale of Eden to the front of the Pennine escarpment,
although there is no evidence that it overrode the escarpment in
the Cross Fell-Dufton Fell area. In the vicinity of the stream
junction, several faulted blocks of Silurian strata outcrop (see
Burgess, Rickards & Strachan, 1970, Fig.3), but because of snow-
melt it was not feasible to cross Swindale beck. A ridge on both
banks of the stream is due to a dyke of lamprophyre with prominent
biotite phenocrysts. Similar dykes occur over a wide radius
around Shap and are thought to represent an early phase of the
end-Silurian to Devonian igneous activity. '

Returning to the Rundale ford, the party now followed the
footpath along the northern flank of Dufton Pike, noting in passing
examples of volcanic rock-types in the scree material derived from
scattered outcrops of the Borrowdale Group high on the slope of the
Pike. The view into Great Rundale drew compariscon with the
morning mapping exercise. The crags of Melmerby Scar Limestone
'vee' into the head of the valley above screes of Orton Group and
Basement Bed sandstones and conglomerates; Brownber Hill is formed
in Skiddaw Group rocks which are reverse faulted over the lime-
stones of Rossgill Edge. At the head of Great Rundale is the site
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of the Pack Mule Mines - an extensive series of levels which sought
galena from a number of east-west trending veins. Within the last
few years, attempts have been made to opencast work some of the old
veins to extract the former gangue mineral, barytes.

The party now turned south to follow the mine track back to
Dufton where the leader was thanked for a most interesting day and
for sharing his enthusiasm for the area with everyone present.
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THE LOWER CARBONIFEROUS NEAR ORTON

Leader: A.Day

25th April, 1987.

The group met at Orton at 10.30 a.m. and proceeded by car
along a minor road to Sproat Ghyll Farm. Here the party leader
pointed out the relevant features and gave an account of the local

geology.

Near Orton rocks of Lower Carboniferous age form two
escarpments trending NW-SE. The lower of the two escarpments
crosses the Tebay-Orton road just north of Tebay Bridge, the
village of Orton being on the dip slope. The upper scarp is the
more dominant feature forming Orton Scar north of the village.
Regional dip between 5° and 10° NE brings much of the succession
to the surface even if covered by thick drift deposits.

The lowest beds, the Basement Beds of Shap Conglomerate, were
laid down in a fluviatile environment on the eroded edges of the
folded Bannisdale Slates. They are coarse basal conglomerates,
fining upwards and followed by passage beds of sandstones and
grits. The succession changes to predominantly shallow, lagoonal,
marine sediments consisting of muddy, much dolomitised, limestones
and shales. These pass up into marine limestones deposited in
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(ii) the slope failure scars high on Caudale Moor above the old
quarries, whether due to simple instability, possibly association
with valley-deepening by ice, or triggered by recent earth
movements on the Ambleside lineament (certain similar features
elsewhere in the Lake District are close to and parallel with
lineaments).

Caiston Glen, by which the group reached high ground at
Scandale Pass, was a rather unfavourable site for growth of a
Lomond Stadial glacier. There are small moraines at the foot of
the glen adjacent to the Kirkstone moraines, but the party was non-
committal about recognition of moraines further up the valley. A
small undocumented mine part way up the glen was examined, and
galena, pyrites and arsenopyrites found.

Steep scree-clad slopes on the west side of the glen give way
as the pass is approached to more gentle slopes below Little Hart
Crag and on them the rock debris, mainly of tuffs, is arranged in a
series of fairly horizontal steep-fronted benches (ten in 300m in
one transect) among which Scandale tarn and a number of lesser
pools are enclosed. The benches were explained as periglacial in
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Fig.2(a) GLACIAL AND OTHER FEATURES OF BROTHERSWATER AND DOVEDALE

origin combining characteristics of large solifluction terraces and
rock glaciers and probably formed in the Loch Lomond Stadial in an
area generally swept clear of snow and enduring large temperature
changes. Similar features are found in Houndshope Cove and on
Dove Crag nearby.

Little Hart Crag is an isolated mass of rhyolitic lava on a
thick pile of pyroclastic rock units. It is close to the
synclinal axis and is the youngest of the volcanic rocks in the
locality. Remarkably contorted flow-banding is very prominent in
the weathered rock faces. The paths by which frost-detached
debris passed the outcrop to the fringing talus and rubble slopes
are also clearly evident.

The ridge crest from Little Hart Crag to Dove Crag holds good
examples of close vertical cledbage in tuffs, periglacial weather-
-ing, and old peat banks once disputed between Ambleside and
Hartsop. In the descent below the cliffs of Dove Crag into Dove-
dale some of the local rock-fall sites were passed, one notable for
its long, narrow, bifurcated, and sharply-defined trail of broken
rock. Though generally associated with severe periglacial
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conditions rock-falls still occur, one 'brand-new' example being on
the cliffs of Seat Sandal only 3km to the west.

The descent into Dovedale led past the uppermost Lomond
Stadial moraines, over the rock step, to moraines which mark the
separation during retreat of the two feeders to the main glacier,
A short diversion was made to the site of the lead smelter already
described as ancient on a map of 1764. The leat, wheel pit,
furnace and ore tip can be identified. Thence an easy walk on the
valley floor past a set of recessional moraines took the party to
the old Hartsop lead mine abandoned in about 1942. There the
excursion ended, the leader being thanked for selecting a route
which demonstrated a diversity of features; some of the members
stayed a while to continue exploration of the old buildings and
workings.

EXCURSION TO THE PENRITH SANDSTONE

Leader: Dr.F.J.Cockersole

6th September, 1987

This excursion was based on natural and quarry exposures of
the Penrith Sandstone in the general area of Bowscar approximately
4km north of Penrith.

The members foregathered at the roadside on the crest of the
westward facing escarpment of the Penrith Sandstone on the Bowscar
to Lazonby road at MR 519 345. By way of introduction, Dr.
Cockersole explained that the Penrith Sandstone originated in Lower
Permian times as an aeolian sand-sea in an arid, sub-tropical
environment at a latitude of between 10 and 30 degrees north of the
equator. There was an inter-montane, largely fault-controlled,
basin of deposition with marginal alluvial fans, composed of much-
brecciated material and possibly playa lakes. Towards the centre
of the basin there were extensive dune-fields and it was the
remnants of these dune-bedded sand deposits that were to be
examined during the excursion.

The first exposures visited were in the nearby disused Bowscar
Quarries (520 344). Well-preserved, steeply dipping, thick
foreset beds of sand-dunes that must have been 25-30 metres in
height were pointed out. Large-~scale dune cross-bedding, with
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The second cycle (EZ2) was deposited in deeper water and the
sediments form finely laminated dolomitic limestones with abundant
turbidite and slumped beds. This is the Concretionary Limestone,
known for its bizarre calcite concretions.

By the start of the third cycle (EZ3) the original sub-sea
level basin had nearly been filled and so the sediment wedge was
thinner and much wider, with little distinction between margin,
shelf and shelf-edge deposits. This formation was overlaid by the
Billingham Evaporite composed of anhydrite with abundant algal mats
indicative of a sabkha environment with high salinities resulting
from intense evaporation.

The fourth cycle (EZ4) represents further concentrations of
the brines with deposits of anhydrite and halite, culminating in
the deposition of the potassium salt sylvine (KC1). The sequence
was ended by the Permian Upper Marls which were succeeded by the
widespread Triassic Sherwood Sandstone.
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THE GEOCHEMICAL EVOLUTION AND GEOTHERMAL POTENTIAL OF
U.K. GRANITES WITH PARTICULAR REFERENCE TO THE LAKE DISTRICT

A lecture given on the 5th November, 1986
at West Cumbria College, Workington by
Professor G.C.Brown of The Open University

Most geothermal developments have been based on underground
steam fields associated with volcanism; most geothermal sites are
located on presently active 'plate' margins. The principle is to
drill boreholes to intersect an aquifer, perhaps at 2km depth: the
steam produced drives turbines connected to alternators and the
condensed water is re-injected.

Though a survey for oil in the Paris Basin was largely
unsuccessful, hot water was found - not hot enough for power
station use - but a zone of domestic heating has been coupled up
via a heat-exchanger. Hence technology is well developed already
to exploit both high temperature steam fields and somewhat lower
temperature sedimentary formations containing hot water in
aquifers.

Surface heat flow measurements (with a mean approaching 60
milliwatts per square metre) over the U.K. have been contoured to
produce a heat flow map now available from the B.G.S. Warmer areas
than average occur in the East Highlands, Lake District, East
Midlands, Worcester and Devon/Cornwall. Some of these are areas
where there is underlying radiothermal granite. Different
granites contain greater or lesser abundances of the radioactive
isotopes of uranium, thorium and potassium, chiefly in micas and
feldspars, which generate heat as they decay. Over the outcrop_of
the Carnmenellis Granite heat flow readings were around 140mW m™ <,
whereas its surrounding sediments showed only half that heat flow.

The 'hot-dry-rock' concept of exploitation is to drill down
into the granite two boreholes, an injection well ('I') and a
production well ('P'). Small charges are exploded at the base of
each well to produce enough cracking to facilitate the passage of
water which is then pumped down until the cracks expand and a
hydraulic connection between the two wells is established. An
early attempt, following drilling down to 23km depth in Cormwall,
failed however: the injected water did not come up. Probably
pre-existing fracture patterns had been misinterpreted, and there
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may have been some kaolinised granite below. A further attempt at
the same depth in 1986 has proved much more successful. If the
project is to become economically viable for power generation, then
boreholes to a depth of 5km will need to be considered by the
Central Electricity Generating Board.

Should Cornish exploitation become successful, where else
might be tried? Radioactive element concentrations give some
indication. From a map showing uranium, thorium and potassium
contents of granites in Northern England and Scotland, possible
areas with high contents might be the Cairngorms, Weardale, Shap
and the Lake District. Two heat flow holes have been drilled in
the Lake District on the strength of these radioelement data, and
four in the eastern Highlands. The shape of the granite also
needs to be known in order to calculate crustal temperatures,
hence a gravity survey was done first.

Depths to the Shap Granite surface based on the interpretation
of the negative gravity anomaly indicate that the granite extends
towards Haweswater. Drilling was done near the top of Shap Fell
and temperature increfse with depth was about 24°C/km and surface
heat flow was 77mW m™ “; rather disappointing results from a
geothermal point of view. A sample from 100m depth was of normal
pink granite: from 200m to at least 230m was grey granite - not a
'xenolith' of country rock, but igneous material. On plots of Si,
Th,Zr,U,Rb or Zn, each against a borehole depth, perhaps most
significant was the grey granite's lower silica percentage of
65-68%, whereas the pink granite contains 70% silica. Probably
the grey granite is a precursor magma pre-dating the present pink
granite magma: the first crystals would be of higher mafic content.
In places a dark crust may have formed: later, lighter coloured
melt may have burst through it. The older stoping concept,
leaving 'xenoliths', is in question for the Shap Granite
inclusions, and the small, very dark patches (which also occur in
other granites), may well be fragments of earlier crystallised
margin, not pieces of altered country rock.

The only accessible outcrop of Skiddaw Granite at Grainsgill
is complicated by mineralisation, so permission was obtained to
make a temporary track to take a drill rig up the Caldew Valley:
the position of the drill site was also constrained by gravity
contours. The top 40m of core showed much-altered granite (like
the Grainsgill exposure, containing greenish sericite), and to that
depth, plots of mineral concentration/depth were completely
irregular. Between 40 and 100m, however, was clean white granite,
and below 100m a grey granite of rather lower silica content.

Even for altered granite samples, ratios of a certain element
to the relatively immobile elements titanium and zirconium can
indicate magmatic fractionation related to depth. For Skiddaw
Granite, the Nap0/TiO2, K90/TiO9 and Si0,/TiOp ratios show
departures from magmatic trends where hydrothermal processes have
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been involved; for example, a lot of sodium has been removed.
Plots of Ti02/Zr07, BaO/T102 and Zn0/Zr0, showed mobilisation of
Ba and Zn compared with zirconium, again due to hydrothermal
processes. Zinc removal may be important in the genesis of
mineral veins.

The Caldew borehole had a temperature gradient of 36°C/km and
at the surface the heat flow was 10lmW m~2. This is the highest
U.K. heat flow yet measured outside Cornwall and could be of
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Table 1. LITHOFACIES AND SUB-FACIES DIVISIONS ERECTED ON CONTAINED
SEDIMENT STRUCTURES.

CONGLOMERATE FACIES 'G' 'Gm' clast supported conglomerates
'Gms' matrix supported conglomerates
'Gp' planar cross-bedded conglomerates

'Gt' trough cross—-bedded conglomerates

SANDSTONES 'S’ 'Sp' planar cross-bedded sandstones
'Sh' horizontally laminated sandstones
'st! trough cross-bedded sandstones

'Sr' ripple cross-bedded sandstones

MUDSTONES 'F' 'F1' laminated mudstones
'Ffm' massive mudstones

Shap Red Beds

The succession exposed between Shap Wells and Scout Green and
varying in thickness between 5m and 130m comprises three litho-
facies - conglomerates, sandstones and mudstones - which form a
fining-up sequence. The conglomerate lithofacies at the base is
characterised by boulder-cobble conglomerates (facies Gm) that are
massive to horizontally stratified, locally imbricated and
organised into fining-upward units up to 4m thick. Trough- and
planar-cross-bedded conglomerates (facies Gt and Gp) also occur, as
grouped or individual sets interbedded with facies Gm and overlying
it, and which are in turn transitional to trough-cross-bedded sand-
stones (facies St). The sequence is capped by mudstones (facies
F1/Fm), up to lm thick, which contain rare incipient calcrete
nodules.

These sequences are interpreted as the aggradation of channel
bar complexes (cf. Vos & Tankard, 1981) with the dominance of
facies Gm indicating deposition within a braided-fluvial environ-
ment (Rust, 1984). This facies represents accumulations of gravel
as longitudinal bars, the characteristic fining-up trend being a
reflection of downstream clast-grading to the bar form. Facies Gt
and St represent infill of minor channels and scour depressions on
the bar surface during the waning flow stage as the flow is
diverted onto the bar surface and away from the main channel tract.
The silty mudstone member reflects accumulation of fine-grained
sediment in an overbank area and records the abandonment of the
active channel complex as the flow is diverted elsewhere. These
facies relationships are closely comparable with those present in
the modern River Donjek, Yukon (Williams & Rust, 1969).

In a northerly direction sandstone lithofacies predominate
over conglomerate and occupy the main part of the fining-upwards
sequences, up to llm thick and characterised by thick (up to 6m)
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festoon co-sets of facies St with interbedded sets of facies Sp
sandstones. Facies St is gradationally overlain by horizontally
laminated sandstones (facies Sh) which in turn is overlain by
current-rippled silty sandstones (facies St) and silty mudstones
(facies F1/Fm). This sandstone-dominated part of the overall
fining-upwards sequence is interpreted as the deposits of sandy
bed-load channels, facies closely comparable with those in present-
day South Saskatchewan River, Canada (Cant, 1978). This northward
change from conglomerate to sandstone lithofacies, associated with
consistent N to NNE palaeocurrents, reflects the progressive
evolution from a granular bed-load channel system into a sandy bed-
load regime, and can be equated with a reduction in source area
relief and the superposition of fine-grained sediments upon coarse
over a period of time.

Mell Fell Conglomerate

The Mell Fell Conglomerate (of the order of 250m thick) which
outcrops to the west and north-west of Ullswater also exhibits a
large scale fining-up sequence. Facies Gm is dominant in the
south and south-west, but in a general NE direction exhibits a
decrease in clast size (80cm to 8cm), increase in abundance of
cross-stratification and cross-bedding and the development of
fining~upward sequences until facies Gt is dominant in the north.
Significantly the latter preserves finer-grained, stratified pebble
conglomerate units, trough-cross—-bedded conglomerate and pebbly
sandstone (facies Gt and St) and cross-bedded sandstone sets
(facies Sp) and intercalations. Thin mudstone drapes are also
evident in places.

The dominance of facies Gm towards the south is interpreted as
reflecting the dominance of longitudinal gravel bar deposits within
a braided fluvial regime, supported by similar fining-up sequences
to those described at Shap. The NE variation within facies Gm,
particularly the striking decrease in maximum clast size and
increase in sandstone content, is interpreted as proximal to
relatively more distal variations within a fluvial braidplain. As
such this NE depositional trend is associated with a down-stream
decrease in channel gradient accompanied by decrease in clast and
grain size, these variables being principally a function of
lowering of source area relief.

Cross Fell clastic rocks

These rocks also exhibit an overall upward-fining sequence,
represented by four lithological groups: Polygenetic Conglomerates,
Quartz Conglomerates, Red Sandstones and Green Sandstones. The
Polygenetic Conglomerate contains matrix-supported cobble/boulder
conglomerate (facies Gms) with interbedded clast-supported pebble-
conglomerate (facies Gm) and minor silty mudstone (facies F1/Fm)
intervals. The group is poorly represented with local
distribution, with very varied thicknesses ranging from absent to
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70m (Arthurton & Wadge, 1981). It is interpreted as the deposits
of locally distributed alluvial fans, facies Gms, representing
debris flow sedimentation.

The Quartz Conglomerates, characterised by clast-supported
massive to imbricated cobble conglomerates (facies Gm), are very
similar to the facies Gm described for the Shap Red Bed sections.
Sandstone lithofacies within the Red Sandstone (and also the Roman
Fell Sandstone, laterally equivalent in the south of the Cross Fell
area) comprise an interbedded sequence of facies Sc and Sp, while
the Green Sandstone forms an argillaceous top member up to 24m
thick and characterised by facies Sh muddy sandstones interbedded
with cross~bedded sandstones (facies Sp and Sc). The group is
overlain by Carboniferous Limestones of the Orton Group.

The overall fining-upwards sequence, up to 120m thick,
reflects the downstream change from proximal (Quartz Conglomerate)
to medial (Red Sandstones) and distal muddy (Green Sandstones)
parts of a braidplain system with a consistent NE trend. In this
context the Cross Fell clastic rocks can be considered as a Donjek
to S.Saskatchewan transition in terms of the vertical braided-
fluvial profiles of Miall (1985).

Sedbergh clastic rocks

The Sedbergh clastic rocks, which outcrop west of the Askrigg
Block in the south of the study area, may be up to 270m thick
(Dakyns et al., 1891). The facies developed are closely comparable
to the boulder conglomerates (facies Gm) of the Mell Fell
Conglomerate, with massive units containing clasts up to 65cm
across, interbedded with imbricated units. Palaeoflow direction
for these imbricated horizons was towards the NW. Towards the top
of the section conglomerates are crudely cross-stratified (facies
Gm/Gt) and intercalated with sandstone. Facies Gm within this
succession is interpreted as deposits of longitudinal gravel bars
which accumulated in a proximal-fluvial environment. Facies
relationships are consistent with Scott type braided sequences of
Miall (1985) and probably accumulated within relatively high
gradient incised channels on an alluvial fan surface.

Pinskey Gill Beds, Ravenstonedale

The Pinskey Gill Beds, up to 29m thick, comprise an overall
upward coarsening sequence of silty sandstones, shales and lime-
stones with a diverse faunal assemblage and unconformably overlie
the Lower Palaeozoic basement, forming a transition into the Stone
Gill Limestone above. They are the facies equivalent to deposits
that stratigraphically overlie the Shap Red Beds.

Palaeocurrents and Clast Provenance

Throughout the study region palaeocurrents measured from
conglomerate imbrication and cross-bedding, and particularly from
trough cross-bedded sandstones, are consistently towards the north
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and north-east direction.

Analysis of clast types, both from the conglomerate maximum
particle size fraction and sandstone/conglomerate matrix petro~
graphy demonstrate derivation from Lake District source rocks,
particularly the Skiddaw Group, Borrowdale Volcanic Group, Coniston
Limestone Group, Silurian Coniston Grits and various igneous rocks.
The latter particularly include minette dyke rock clasts, derived
from igneous dykes intruded into the Silurian cover over a large
area of the Lake District and probably associated with intrusion of
the Shap Granite (Moseley, 1978). These clasts are especially
abundant in the distal braidplain facies of the Mell Fell
Conglomerate and provide evidence for progressive erosion of the
Silurian rocks during deposition of the basal Carboniferous
clastics. Indeed, evidence that Silurian rocks, particularly the
Coniston Grits, did extend further north than their present outcrop
limit is provided by the abundant greywacke clasts in the locally
derived coarse proximal boulder conglomerate facies of the Mell
Fell Conglomerate. Within the Mell Fell Conglomerate, the upward
transition into progressively finer and more distal facies of the
braidplain correlates with an increase in variety of clast types,
particularly Borrowdale Volcanic, Upper Ordovician limestone
(possibly Coniston Limestone), Eycott Volcanic and minette rocks.
This is seen as the result of downstream increase in fluvial
dispersion of the braidplain with channels able to 'tap' a larger
area of the eroded source terrain (Figure 3, Kimber and Johnson,
1986).

Elsewhere, the abundance of Silurian greywacke clasts within
the Shap Red Beds and Sedbergh clastics suggests that high ground
to the south, i.e. in the region of the Howgill Fells and the
Askrigg Block, exposed Silurian greywacke lithologies. The Shap
Red Beds also contain locally derived altered Borrowdale Volcanic
and Silurian Brathay Flags clasts, these being associated with the
metamorphic aureole of the Shap Granite. Indeed, granite and
characteristic pink feldspar clasts from the Shap Granite are also
locally present within the Shap Red Beds.

The proximal braidplain deposits of the Quartz Conglomerates
Group (Cross Fell clastic rocks) contain an abundance of rounded
vein quartz which contrasts markedly with the complete absence of
such clasts within the alluvial fan deposits of the Polygenetic
Conglomerate, which contains locally derived slate lithologies
(Murton Formation) and notably decomposed granite which closely
resembles weathered Weardale Granite of the Alston Block. The
rapid increase in vein quartz is a reflection of the greater
textural maturity of the Quartz Conglomerates, the vein quartz
being mostly derived from the quartz-veined Skiddaw Slates. The
dominant northeast palaeocurrents suggest the likely source terrain
was located in the northern Lake District, although derivation from
the Murton Formation of the Cross Fell Inlier may also have been
possible.
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beneath the ice between -6°C and -4°C. Estimated velocities in
the ice are low - around 10m/year. It seems reasonable to
postulate, therefore, that with sub-melting point temperatures of
this nature and low ice velocities, such conditions around the
maximum phase would not be conducive to high rates of erosion. Ice
could have been largely protective. Erosion was thus primarily
achieved during the build up phase and probably more particularly
during the rapid ablation phase. For more than half the Devensian
phase ice was largely confined to the corries, high snow fields and
major glacial troughs. In the final 5,000 years ablation rates
were high, glaciers were of the temperate type, moving relatively
quickly. Locally there could have been striking variations in
accumulation rates, in ablation, and hence in erosional intensity.
The evidence of the landforms bears this out.

Lakes and Tarns

A count of lakes and tarns in Cumbria from large scale 0.S.
maps reveals a total of 1006. 775 (77%) are natural features.
627 lie in glacially eroded rock basins, the majority of which
(58) are small ice-scour lakes on summits, ridge tops, mountain
ledges or cols. Only 28 are corrie tarns. 19 can be classified
as piedmont (ribbon) lakes on the floors of the main glacial
troughs.

The lakes and tarns show a strong relationship to the bedrock
geology — 344 (45%) lie on the Borrowdale Volcanic Group, 270
(35.3%) on the Silurian, yet only 21 (2.7%) on the Skiddaw Group.
The areas of the three outcrops are broadly similar. The major
lakes basins in the west and south-west of the district are in
general terms the most perfectly eroded deep rock basinsj; they are
deep for their size, have simple basin forms and contain no
islands. They represent valley troughs where glacial erosion was
both effective and efficient. They also lie at lower altitudes
than the other major basins. This suggests that ice may have been
moving quickly and had free egress down the westerly and south-
westerly troughs. Ice was able to sweep the trough floors free of
obstructions. The relatively low altitudes suggest high
accumulation rates of snow and the ability of glaciers to be
sustained at heights near to sea level.

The distribution of the lakes and tarns, apart from the
correlation with the bedrock also shows a high concentration south
of the main east-west divide, particularly in the area due south of
the high ground of the central high fells. Much of the topography
of this area is identical to the 'knock and lochan' landscapes of
the Hebrides and Western Scotland.

Corries

The morphology of these landforms in Cumbria is well
documented (Clough, 1977). There is strong geological control
evident in their distribution, with a preponderance on the
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Borrowdale Volcanic outcrop. In general terms, however, corries

are relatively poorly developed in the Lake District. Only 28 of
the 199 corries distinguished in Clough's analysis contain tarns.

The fitting of logarithmic curves of the type suggested by Haynes

(1968) confirms this trend. No corries produce k values greater

than 1.5 (k = 2 is a well developed shape). The majority of the

k values fall below 1.0.

Glacial Troughs

The walls of the major troughs north of the main divide, and
more particularly in the east of the district, are far more intact
than those in the west and south. In the east, troughs of an
'Alpine' type exist - self contained dendritic networks with few
examples of diffluence. An examination of where diffluent tongues
managed to cross divides shows a preponderence in the west and
south. The main east-west divide has been crossed in several
places. All this accords with active ice movement streaming
southwards from the knot of the central fells.

Much of the valley network is adjusted to the underlying
structure - parts of every system show alignment along faults,
strike directions or other lineations. In total probably more
than 60% of the system shows structural control.

Two broad themes are evident. First, glacial erosion varied
a great deal in its intensity from one part of the Lake District to
another. There is a noticeable west-east gradient in intensity.
In the west and the south-west the combination of glaciers moving
down relatively steep gradients within short distances, debouching
ice on to the West Cumbrian plain and into Morecambe Bay, and an
oceanic climate producing not only high snow accumulations but also
high ablation rates, produced erosion of high intensity.

This is evidenced by deeply scoured troughs, deep lake basins,
diffluent ice scouring of interfluves producing 'knockan' ('hows'
in Cumbria) and numerous small ice-scour lakes. In contrast to
the east, particularly north of the main divide, glacier systems
were largely confined within the valley troughs. Valley gradients
are lower and valley floors higher above present sea level.

Snow accumulation could have been significantly reduced by the
rain-shadow effect.

The second theme demonstrates the strong geological control
of the present topography. The response of the major rock groups
to glacier scouring and quarrying varies widely. The classic
landforms of corries, lake basins, and over-deepened troughs are
best developed in the igneous outcrops.

It is probable that the adjustment of the landscape to the
underlying geological structure has been a long process; one which
has been proceeding ever since the Lower Palaeozoic materials were
revealed by sub-aerial erosion. Much of the present valley
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pattern must have been established long before the Quaternary.
Devensian ice moved across the geological and topographical grain
in the south and south-west of the district. Structural lines
must have been exploited here by earlier erosional activity.

The effects of the late Devensian ice sheets and glaciers must
not be over-stated. It was a phase of relatively short duration
and around its maximum the ice may have been largely protective.
The amount of erosion actually achieved need not have been high.

It can be demonstrated that in the nearby Yorkshire dales, in
Kingsmere for example, the amount of valley floor lowering is only
about 13 metres. The fact that a large percentage of Lakeland
valleys are aligned along structurally weak lines could suggest
that these were etched to considerable depths by stream action pre-
glacially. Lake District corries remain enigmatic features. of
the ones that exist today few are well developed. We have no good
evidence of how old they are. It is difficult to know whether
they could have been protected from glacial erosion when the
Devensian ice sheet was at its maximum - it is tempting to argue
that some well developed basins in west and central Lakeland may
even have been partly destroyed by Devensian ice, especially when
it is remembered that some of the most perfect forms lie in the
east where the intensity of erosion was certainly lower.
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THE LAKES AND TARNS OF CUMBRIA

A lecture, given on 16th September, 1987 at
Derwent Centre, Cockermouth by
Dr.R.A.Smith of North Cheshire College, Warrington

A count of the lakes and tarns of Cumbria using 1:25,000 and
1:10.000 scale Ordnance Survey maps reveals a total of 1006. of
these, just over three-quarters appear to be natural features and
form the subject of this lecture.

A possible classification suggests they fall into 14 types
(Table 1). Whilst the majority owe their origin to glacial
activity in the Pleistocene period, a considerable number have
other origins (types F - M).

A significant group (L) lie on peat, notably in Pennine
Cumbria, but also on other flat summit areas. These are clearly
post-glacial in age and date from after 7500 BP. Their size and
origin relate to the way deep peat on flat summits erodes. Small
pools emerge where breaks in the vegetation cover occur, and wave
action leads to erosion and undermining of the banks - a process
that becomes more effective as the area of open water enlarges.

Many mountain tarns owe their origin to landslipping and rock
fall. Instability of slopes was common as the Devensian ice
sheets wasted away around 13,000 BP and was probably further
boosted by the cold climates of the Loch Lomond Stadial (11,000 -
10,400 BP). Sand Tarn on Great Boar Fell or the Yoredale sequence
is a good example. Damming by prolonged rockfall can be invoked
for Greendale Tarn (Wasdale) and also for Goat's Water (Coniston).

The process of deltaic deposition causing the separation of
major ribbon lakes as best exemplified by Bassenthwaite Lake and
Derwentwater appears too simplistic. Considerable boulder clay
plastered over rocky knolls in the isthmus area between the two
basins casts doubts on the extent of this process. Alluvial
damming of Brotherswater on the other hand is clearer.

Five different glacial landsystems can be distinguished within
Cumbria, each characterised by lake and tarn basins of distinct

type.
First, around the Devensian maximum (18,000 BP) ice was able
to move as a sheet, scouring and abrading the landscape up to the

highest summit levels, across ridges and plateaux. Under such
conditions numerous 'ice-scour lakes' were produced, on summits, on
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During 1987 the Society organised two Expeditions, each one
taking about 60 youngsters and 20 leaders, to Papua New Guinea and

to Svalbard.

The Chief Leader of the Svalbard Expedition was Commander
Chris Furze, a Royal Naval Engineer who had previously led Joint
Services Expeditions to overwinter on Elephant Island and on
Brabant Island in the Antarctic. I was his understudy, to take
over the organisation in case of need. My only claims to Arctic
experience were a visit to Iceland (1983) and a previous B.S.E.S.
Expedition (1984) to Arctic Norway, although it was felt that my
general mountaineering experience, particularly in rescue work,
would be useful.

In the event, I took charge of the advance party, arriving
five days before the main Expedition in order to organise stores
and transport. During the Expedition itself, I helped to look
after a group of young people whose main task was to undertake a
bird census along the eastern side of Ekmanfjord extending towards
Dicksonfjord. I also had the task of making a systematic
collection of rock specimens from the Carboniferous for an analysis
to be made, back in England, of their microspore content.

The recorded history of Svalbard starts with its discovery in
1596 by the Dutch navigator Willem van Barendzoon (after whom the
Barents Sea is named). The large schools of whales led to whaling
activities, principally by Dutch and English operators, which
nearly wiped out the Greenland Whale. The Dutch, who had a summer
settlement of about 200 workers at Smeerenburg ('Blubbertown') in
the northwest, named the islands Spitsbergen ('Spiky Mountains').
The English adventurers, for political reasons, preferred to call
the large western island 'Greneland'. The present name of the
archipelago, Svalbard, is derived from an obscure reference to a
'Cold Coast' in Icelandic records dating from the 12th century.

As the whaling declined, the slaughter of living creatures
continued on land where, during the 18th and 19th centuries,
Russian trappers made inroads into the natural population of polar
bears, arctic foxes, reindeer and seal. Today, trapping is a very
minor activity, rigorously controlled. The Expedition visited
one trapper living on the eastern side of Dicksonfjord, Dr. Harald
Solheim, a 'retired' microbiologist.

Coal deposits had been discovered on the islands, and mining
commenced in earnest at the beginning of the 20th century. The
principal settlement, Longyearbyen, is named after an American
mining engineer who founded the principal mines in 1906.

The competition by various countries, particularly Holland,
Britain and Denmark/Norway, for the natural resources of Svalbard
meant that the fate of the islands could not be left to chance, so
after lengthy discussions a Treaty was established in 1920
recognising the sovereignty of Norway. This Treaty was ratified
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in 1925, with the signatory countries entitled to rights of mineral
extraction. At the present time coal is exploited by the
Norwegian Store Norsk Spitsbergen Kulkompanie (S.N.S.K.) at Long-
yearbyen and Sveagruva, with a production of about 400,000 tonnes
per annum. The Russians also have two mining settlements, at
Pyramiden and Barentsburg, producing about the same annual tonrage
of coal. The total (winter) population of Svalbard is about
4,000. The coal is exported, as ice-conditions in the fjord
permit, during the summer months.

Communications with the outside world have improved with the
opening of an all-weather airport in 1975. Increasingly, in
addition to mining and other commercial traffic, scientific
expeditions and tourism are being catered for. The Sysselman's
(Governor's) Expeditions Officer reported more than 130 assorted
groups entering and leaving via Longyearbyen in 1986. Each group
must be self-contained, bringing its own equipment and food, and
must have means of fending off inquisitive (and potentially
dangerous) Polar Bears. The B.S.E.S. Expedition imported over 15
tonnes of food and equipment, including three Gemini rubber
dinghies. We were, however, able to buy petrol and paraffin
locally, and to charter local coasting vessels to ferry stores and
people to and from the Expedition area, about 40km to the north.

It was very important to make the Sysselman aware of the
Expedition's plans, for there was some apprehension on the part of
the Norwegian authorities about the influx of such a large number
of 'untried' youngsters. The Administration seems happy to
welcome expeditions from abroad, provided that they cause no
trouble and leave no permanent mark on the landscape.

In the event, even with 88 people out in the wilds for more
than six weeks, apart from a few cuts, scrapes, burns and mosquito
bites, the worst injury suffered was a sprained ankle. One of the
main problems in a wilderness area is the disposal of garbage. All
burnable rubbish was incinerated, helped by the plentiful driftwood
along the shores of the fjords. Cans were squashed and, along
with bottles, sunk in deep water. Loo pits were dug, sometimes
with difficulty as the soil was usually waterlogged or permafrosted
(or both). These pits were carefully covered after use, as it
takes many years for organic wastes to decay in the Arctic.

Geological development of Svalbard

The oldest rock sequence in the archipelago, dating from
Precambrian to Silurian (Downtownian Stage), is known as the Hecla
Hoek Formation. It is located principally on the western coastal
strip, and in the north east, and, apart from erratic boulders, was
not encountered during the Expedition.

Caledonian folding, mostly of Mid to Upper Silurian age, in
these ancient rocks shows a N-S trend. Other effects of
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Caledonian disturbance, found in northern Svalbard, include the
emplacement of granites of two main types, (i) red, non-foliated
granite, and (ii) grey, strongly foliated granite. These granites
may be further differentiated as 'in situ', showing a transition
from Hecla Hoek metasediments through gneiss, to granite, and
'intruded' granite.

The Caledonian disturbance resulted in uplift, folding,
faulting and erosion on a massive scale, resulting in a series of
conglomerates fining upwards, valley fill and deltaic deposits
of late Silurian to early Devonian age. The prevailing red
colour of these deposits suggests an arid climate at the time, and
these deposits are known locally as the Red Bay Formation, overlain
by the finer-grained Wood Bay Formation. Following a break in the
depositional sequence during the Middle Devonian, the climate
appears to have become more humid, resulting in fine-grained
clastic sediments of the Grey Hoek Formation and the Wijdefjord
Formation. These four formations may be thought of as the
Svalbardian equivalent of the 0ld Red Sandstone of Scotland.

Uplift, downwarping, folding and faulting have resulted in
these Devonian rocks being preserved in the N-S graben which runs
through the central axis of Spitsbergen. The older Hecla Hoek
rocks are found on the flanking horsts.

Following a further break in deposition, resulting in a plane
of unconformity clearly seen at the top of the red beds in N.W.
Ekmanfjord and in Holmstromdalen, the climate during the Lower
Carboniferous became humid and subtropical. A series of sediments
described as Culm Measures was deposited; sandstones, shales and
thin coals (exploited by the Russians at Pyramiden). These Culm
Measures pass upwards into Middle Carboniferous red sandstones with
gypsum/anhydrite evaporites, showing increasing aridity of climate
during their deposition. These Lower to Middlz Carboniferous
rocks occur to the east of the area covered by the Expedition,
mainly in the Millefjorden region.

Marine deposition ensued during the Upper Carboniferous,
extending conformably through into the Permian. Fossils are
common, typically the brachiopod Spirifer and the rugose coral

Cyathophyllum.

The onset of the Permian is marked by the limestones becoming
conspicuously cherty, and merging upwards into black shales contain-
ing fusilinids, reptiles, fish, ammonoids, bivalves, sponges,
coprolites, and some coals. As with the Permian further south in
Europe, there is a markedly arid environment indicated by the
occurrence of dolomitic and gypsiferous beds. Following the
slight effects of Variscan folding, Triassic black shales and sandy
marls with prolific marine invertebrate and vertebrate fossils
were deposited. These rocks were encountered on the west side of
Ekmanfjord, at the Expedition Base Camp, between Sveabreen and
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SefstrBmbreen.

Jurassic and Cretaceous formations, mainly sandstones and
shales, but with some coals, occur extensively to the south of
Isfjord. The coals are exploited at Longyearbyen, Barentsburg and
Sveagruva. Around Longyearbyen, the boundary between Cretacecus
and Tertiary is marked by a resistant sandstone which has developed
some spectacular erosion gullies.

There are also some early Cretaceous dolerite intrusions to be
found invading the sedimentary rocks at various levels around
Akmanfjord. In places, these form impressive lines of cliffs,
bringing back memories of High Cup Nick. One intrusion, near the
summit of Gaborgnuten, looked very like a classical laccolith,
though the majority had simple sill-like forms, sometimes showing
transgressive changes of level.

Rocks of Tertiary age, again coal-bearing clastic sediments,
are extensive south of Isfjord. Some folding took place during the
late Tertiary, principally affecting the western side of Svalbard.

During the Quaternary the whole Svalbard region was uplifted
by up to 1,000 metres, and there is some limited volcanic activity
in the Woodfjorden area, some of it being post-glacial as shown by
the presence of small volcanic cones in a glaciated terrain.

Severe erosion has produced the present dissected plateau
topography, with the relatively flat-lying Upper Palaeozoic,
Mesozoic and Tertiary strata giving an 'open book' aspect to the
geology of much of the region.

Glaciation, formerly much more extensive, has produced the
classic sculpted valleys and fjords, picking out and accentuating
the N-S and E-W trending faults and folds.

During the 1987 B.S.E.S. Expedition a large number of features
of geological interest was seen, and many were investigated. I
shall concentrate on two very different aspects; the lithology of
the Upper Carboniferous into the Permian, and the historical surge
of the Sefstrlm Glacier.

The Expedition was based on the Ekmanfjord area with major
glaciers spilling down from the west and a relatively ice-free
peninsula in the east between Ekmanfjord and Dicksonfjord. The
geological map shows a 'basement' of Devonian, with Upper Carbon-
iferous and Permian above a plane of unconformity rising gently to
the north west. The Upper Carboniferous is intruded by Late
Mesozoic dolerite. To the west of the fjord, which appears to be
fault-controlled, Tertiary rocks occur, whilst a fault through
Lappdalen repeats the Upper Palaeozoic sequence further west.
Outside the Expedition area, on the west coast of Spitsbergen, the
Hecla Hoek Formation is to be found.

My group of 9 youngsters were conducting a seabird survey with
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co-leader Mark Evans. Such geology as we did was incidental to
the ornithology programme. My main task was to collect samples
at 5 metre vertical intervals through the 250 metres of Upper
Carboniferous. Location of the lower boundary was not difficult
as it formed a clear unconformity above the Wood Bay Series of the
01d Red Sandstone. The transition from Carboniferous to Permian
could by found by tracing a persistent 2 metre thickness of
bituminous limestone containing masses of fusilinids. According
to the sketch map, the task would seem to be relatively easy, but
I had not reckoned with the awkwardness of the terrain and the
intensity of the frost shattering, so I was reduced to collecting
from the bases of the cliffs and from shore sections on the east
of the peninsula at Kapp Smith. Collection was 'blind' in the
sense that the spores (if present) were too small to be seen.

Higher in the sequence there were extensive Permian gypsum
beds over 200 metres thick. These showed interesting features
including spheroidal weathering, pseudomorphs, and intense frost
shattering.

In 1892, Professor De Geer examined the SefstrBm Glacier and
found the snout recessed back into the head of Ekmanfjord, much as
it is at the present day.

By 1896 the glacier had surged 6.5km east, practically filling
the northern part of Ekmanfjord with chaotically crevassed ice.
The ice front lay across Flintholmen and Coraholmen. The moraine
deposited by this surge still has a very fresh appearance. Much
of it is still ice-cored; mudflows and slumps occur, so care is
necessary in walking over it. The prevailing red colour is a
reflection of the 0ld Red Sandstone rocks traversed by the glacier.

The Expedition found evidence that a similar surge had
occurred quite recently in the neighbouring HolmstrBm Glacier, but
there is no known documentary evidence for this. G.W.Lamplugh, in
a paper to the Yorkshire Geological Society in 1910, reports on a
visit he made to the area with De Greer. He described and
illustrated the continued presence of surge-ice over Cora Island.

Two groups of youngsters in the 1987 Expedition were involved
in investigating and surveying parts of the SefstrBm moraines.

In conclusion, what were my overriding impressions of seven
and a half weeks spent in the Arctic? Firstly, it is not a dull
place - there is so much to see and do, with 24 hours of summer
daylight to do it in. Secondly, there is a tremendous variety in
the terrain and a surprising amount of seabird, insect and plant
life. Thirdly, an Expedition such as this will not be a happy
experience if the participants do not pull their weight and
co-operate with one another. I am pleased to report that this
Expedition, although not without its worries and hard work, was

for me a very happy experience.
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d s of the Cumberland Geological Society. In my opinion the accounts give a true
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J.F. Ye {Honorary Auditor) Brook House,
/ Dean, Workington.
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