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EDITOR'S NOTES

| would like to thank the following people who have contributed to the
production of these Proceedings: the authors of the original articles; those who
have submitted reports of Society activities, particularly Mervyn Dodd; Eric
Skipsey for his help in proof reading; Mervyn Dodd, Chris Thompson, Eric
Skipsey, Alan Smith and David Powell who have submitted reviews and short
communications; Chris Thompson for his drawings of fossils from the Burgess
Shales; those who have provided technical references for the original articles.
This edition of the Proceedings contains 32 figures and diagrams and the
assistance of Ben Steel in the production and editing process is gratefully
acknowledged.

The Proceedings is a biennial publication that caters for contributions on all
aspects of geology and geomorphology of northern England. Contributions are
welcome and should be submitted to the Editor. As well as full papers, the
Society would be interested to receive shorter communications on the geology of
Cumbria; these might include descriptions recording temporary exposures or
other items of interest to the general readership of the Proceedings.

David Kelly

Editor
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“Walk this path with an open heart and mind,
seeking awareness as you journey.”

We can all say “Amen” to that.

Dr Eric Robinson
























Rock topple is evident at several Lake District sites, particularly those where
compound failures have been recorded, but at Raven Crag (site 2) and Brown
Crags (site 3) in Longsleddale, topple has been the dominant mode of failure.
The former site was described by Mitchell (1931) and consists of a headscar at
c. 570 m OD in which the bedrock is tilted forwards. A mass of toppled rock
occurs 30 m below this face along a 200 m-length of hillside and is separated
into distinct ridges all of which display inward dipping and broken rock. The

Brown Crags rock topple c. 300m to the southeast is of similar morphology but of
smaller area (Table 1).

Rock flow has been either the principal or a subordinate failure mechanism
at a number of the listed sites. The Rough Edge failure (site 8) on the west-
facing slopes of Caudale Moor, above the Kirkstone Pass (Clark, 1992) and the
Grisedale (Fairfield) failure (site 4; Wilson, 2003) exemplify this mechanism.
Both sites are characterised by multiple narrow rock benches and ridges up to
400 m in length and separated from the slope behind by depressions up to 8 m
in depth (Figure 5). The partially intact state of these features and their oblique
or sub-parallel alignments relative to general slope contours indicate failure by
flow (creep) rather than more rapid movement (sliding) that would tend to create
shorter dislocated rock masses. The Grisedale failure extends for more than 1
km across-slope and through a vertical height range of ¢. 300 m and is one of
the largest areas (0.4 km?) of rock flow as yet identified in the Lake District.

In Burtness Comb (site 33), above Buttermere, a large tongue-shaped
accumulation of coarse rock debris, previously regarded as a glacial moraine
(Sissons, 1980) or relict rock glacier (Whalley, 1997), has been reinterpreted by
Clark and Wilson (2005) as the product of rock avalanching, and is the first such
feature to have been recognised in the Lake District. The debris tongue extends
west - east for 700 m along the north side of the comb and from 560 m to 310 m
OD; it has an average width and thickness of 130 m and 5 m respectively, its
volume is estimated to be 300,000 m®. In cross-section the debris accumulation
is asymmetric, the north side stands higher than the south, partly because of
underlying ground slope and partly because of variation in debris thickness. In
plan some of the debris is organised into several linear and arcuate ridges. On
the basis of differences in morphology and measurements of boulder hardness
between the upper and lower parts of the debris tongue, Clark and Wilson

(2005) considered that the feature had accumulated as a result of two phases of
rock avalanching.

Of the compound failures listed in Table 1, that on the southern slopes of
Robinson (site 32) is the largest. Displaced material extends downslope from
Hackney Holes - Littledale Edge on the ridge crest at 700-575 m OD to 150 m
OD above Gatesgarthdale Beck, a distance of 1.25 km, and for 1.5 km across-
slope. It occupies 1.7 km? of hillside and is the largest known area of rock-slope
failure in the Lake District. Hackney Holes is a rock chasm 15 m deep and 10 m
wide at base created by the movement of a large section of hillside away from
the slope crest. On the south side of Littledale Edge shallow depressions trend

16















The release of debris from rock walls provides readily entrainable material
for onward movement during the next glacial cycle and this may represent a
significant proportion of the sediment volume in transport by ice (Ballantyne,
2002). Examination of rock-slope failures in icelandic glacial troughs by Bentley
and Dugmore (1998) revealed two populations of failure sites, those failures that
are unmodified by glacial action and therefore post-date the last glacial episode,
and those failures that were modified by glacial erosion and therefore pre-date at
least one glacial episode. The latter population demonstrates the role of rock-
slope failures as suppliers of debris for glacial transport. Thus, in the long-term,
the widening of glacial troughs may be due to both rock-slope failure and glacial
erosion. This two-stage model of trough development is applicable in the Lake

District because the majority of the documented failures are located on trough
walls.

In addition to their role in valley widening, some Lake District rock-siope
failures extend to ridge crest lines (e.g. the Grisedale (Fairfield) and Helm Crag
failures) and therefore contributed to the reduction of ridge height and width.
Failure sites on cirque headwalls (e.g. the Red Pike failure, site 34, and the
Caudale Head failure, site 9) participated in cirque enlargement. If it is assumed
that rock-slope failures also occurred in earlier interglacials, and that their
products have since been redistributed by ice, then their cumulative effects on
Lake District scenery have probably been considerable. Furthermore, where a
failure occurs onto active glacier ice (Boardman, 1992), the debris so generated
may make a significant contribution to supra-glacial sediment load, to the volume
of subsequently formed moraines, and also to the within-valley size/volume
asymmetry of lateral moraines (cf. Benn, 1989; Wilson, 2004). Rock-slope
failures that occurred between wastage of the Dimlington Stade ice and onset of
Loch Lomond Stade glaciation, and within the limits of the latter advance, may
partly account for differences in the volume of moraines both within and between
valleys.  Therefore, rock-slope failures can be considered as important
contributory components of Lake District landform patterns but need to be
evaluated in the context of other processes

Conclusions

Rock-slope failures have not figured prominently in Lake District landform
studies although some features have been known of for over 100 years. This
preliminary report indicates that such failures are widespread, generally of small
extent, and of various types. Many more examples have been recorded on
rocks of the Borrowdale Volcanic Group than on the Skiddaw Group, aithough
this is undoubtedly, in part, a refiection of the relative areal extents, and
structural and lithological characteristics of these groups. All the documented
failures are considered to post-date glaciation during the Dimlington Stade, as
they occur within the limits of that ice advance, and some probably post-date
glaciation of the Loch Lomond Stade. The effects of glaciation and deglaciation,
or seismic activity may have triggered the failures, and application of the term
paraglacial to these landforms is probably appropriate in many cases.

20



Rockslhides:

Rotational -

Rockfall Rock topple
-

Rock flow Complex:

e.g. Rock avalanche







¥e

Grasmere 19 |Helm Crag NY 328 093 BVG 0.01 Compound Outside LLGL  |Ward, 1873; Hay,
1942; Wainwright,
1958

Grasmere 20 |Deer Bield Crag (Tarn NY 306 095 |BVG <0.01 Fall(s) 1970-90s Cram, 1983;

Crag) Biden, 1999,

T.Fletcher pers.
comm.

Grasmere 21 |Gavel Crag (Seat Sandal) INY 347 114 |IBVG <0.01 Fall(s) Outside LLGL  [This paper

Threlkeld 22  |Clough Head NY 325 227 |SG 0.28 Translational |Outside LLGL [This paper

Threlkeld 23  |Clough Head NY 336 234 ISG Not Known |Flow Outside LLGL  |D. Jarman pers.
comm.

Skiddaw fells |24  |Latrigg NY 285 246 |SG 0.23 Rotational Outside LLGL  [British Geological
Survey, 1999

Skiddaw fells 25 |Latrigg NY 283 242 |SG 0.13 Translational [Outside LLGL |British Geological
Survey, 1999

Skiddaw fells 126  |Scurth (Carrock Fell) NY 352 337 [CFC 0.10 ?Avalanche |Outside LLGL |British Geological
Survey, 1997

Skiddaw fells 27 |Carrock Fell End NY 355 329 |CFC 0.18 Fali(s) Outside LLGL |Clark and Wilson,
1997

Borrowdale (28 S\frees Coppice - Lodore  |NY 267 190 BVG 0.06 Fali(s) Outside LLGL |This paper

ood

Borrowdale 29  |Shepherds Crag NY 264 186 |BVG 0.03 Fall(s) Outside LLGL  [This paper

Borrowdale |30 |Bowder Crag NY 254 164 BVG 0.03 Fall(s) Outside LLGL  |Smith, 2002

Borrowdale (31 |Dove Nest Crag NY 254 117 |BVG 0.03 Translational |Inside LLGL Wainwright, 1960

(Rosthwaite Fell)

[Contd.

























References

BALLANTYNE, C.K. 1986. Landslides and slope failures in Scotland: a
review. Scottish Geographical Magazine 102, 134-150.

BALLANTYNE, C.K. 1997. Holocene rock-slope failures in the Scottish
Highlands. Paldoklimaforschung 12, 197-207.

BALLANTYNE, C.K. 2002. Paraglacial geomorphology. Quaternary Science
Reviews 21, 1935-2017.

BALLANTYNE, C.K. AND STONE J.O. 2004. The Beinn Alligin rock avalanche,

NW Scotland: cosmogenic *°Be dating, interpretation and significance. The
Holocene 14, 448-453.

BALLANTYNE, C.K., STONE, J.O. AND FIFIELD, L.K. 1998. Cosmogenic Cl-36

dating of postglacial landsliding at The Storr, Isle of Skye, Scotland. The
Holocene 8, 347-351.

BENN, D.I. 1989. Debris transport by Loch Lomond readvance glaciers in
northern Scotland: basin form and the within-valley asymmetry of lateral
moraines. Journal of Quaternary Science 4, 243-254.

BENTLEY, M.J. AND DUGMORE, A.J. 1998. Landslides and the rate of glacial
trough formation in Iceland. Quaternary Proceedings 6, 11-15.

BIDEN, R.M. (ed.). 1999. Fell and Rock Climbing Club of the English Lake
District Guide: Langdale. Fell and Rock Climbing Club of the English Lake
District, Cartmel.

BOARDMAN, J. 1992. Quaternary landscape evolution in the Lake District — a
discussion. Proceedings, Cumberland Geological Society 5, 285-315.

BOARDMAN, J. 1986. Classic_landforms of the lLake District. The
Geographical Association, Sheffield.

BRITISH GEOCLOGICAL SURVEY. 1997. Cockermouth. England and Wales,
Sheet 23. Solid and Drift Geology. 1:50,000 (Keyworth, Nottingham, British
Geological Survey).

BRITISH GEOLOGICAL SURVEY. 1999. Keswick. England and Wales, Sheet

29. Solid and Drift Geology. 1:50,000 (Keyworth, Nottingham, British
Geological Survey).

BRITISH GEOLOGICAL SURVEY. 2001. Ulverston. England and Wales, Sheet

48. Solid and Drift Geology. 1:50,000 (Keyworth, Nottingham, British
Geological Survey).

32









SISSONS, J.B. 1976. A fossil rock glacier in Wester Ross. Scottish Journal of
Geology 11, 83-86.

SISSONS J.B. 1980. The Loch Lomond Advance in the Lake District, northern
England. Transactions of the Royal Society of Edinburgh; Earth Sciences
71,13-27.

SISSONS, J.B. AND CORNISH, R. 1982. Differential glacio-isostatic uplift of
crustal blocks at Glen Roy, Scotland. Quaternary Research 18, 268-288.

SKEMPTON, A.W_, LEADBEATER, A.D. AND CHANDLER, RJ. 1989. The
Mam Tor landslide, north Derbyshire. Philosophical Transactions of the
Royal Society of London 329A, 503-547.

SMITH, R.A. 2002. The Bowder Stone, Grange-in-Borrowdale, Cumbria.
Proceedings, Cumberiand Geological Society 6, 525-539.

TALLIS, JH. AND JOHNSON, RH. 1980. The dating of landslides in
Longdendale, north Derbyshire, using pollen-analytical techniques. In:
Cullingford, R.A., Davidson, D.A. and Lewin, J. (eds), Timescales in
geomorphology. Wiley, Chichester, 189-205.

WAINWRIGHT, A. 1958. A pictorial guide to the Lakeland fells. Book 3: The
central fells. Westmorland Gazette, Kendal.

WAINWRIGHT, A. 1960. A pictorial quide to the Lakeland fells. Book 4: The
southern fells. Westmorland Gazette, Kendal.

WAINWRIGHT, A. 1964. A pictorial guide to the L akeland fells. Book 6: The
north western fells. Westmorland Gazette, Kendal.

WARD, J.C. 1873. On rock fissuring. Geological Magazine 10, 245-248.

WEBB, B.C. 1990. The Buttermere Formation (Skiddaw Group) in the
Robinson area. In: Moseley, F. (ed.), The Geology of the Lake District.
The Geologists’ Association, 74-82.

WHALLEY, B. 1997. Protalus ramparts, rock glaciers and protalus lobes in the
Lake District. In: Boardman, J. (ed.), Geomorphology of the Lake District; a
field gquide. British Geomorphological Research Group, Oxford, 51-61.

WILSON, P. 2003. Landslides in Lakeland. Conserving Lakeland 40, 24-25.

WILSON, P. 2004. Description and implications of valley moraines in upper
Eskdale, Lake District. Proceedings of the Geologists’ Association 115, 55-
61.

35



WOODHALL, D.G. 2000. Geology of the Keswick district. Sheet description of

the British Geological Survey, 1:50,000 series sheet 29 Keswick (England
Wales).

We thank Kilian McDaid, Lisa Rodgers and Nige! McDowell at the University of
Ulster for preparing the figures for publication, and an anonymous referee for
suggesting improvements to the original manuscript.

Dr. P. Wilson

o 9
o o
> .TJ
% x
3 o
= &

)
.3

W

6






have been identified in those earlier studies had it not been assumed that such
features ‘are there to be delineated and that they lie parallel to sea level’ (NIREX
1997, 48). It goes on to say that at present there is not a sufficiently good
understanding of historical landforms to support such assumptions and that the
‘lack of evidence' is due to ice having eroded older landforms during the
Pleistocene glaciations. This is curious in that it seems to doubt the evidence
ever existed yet explains its absence as due to subsequent denudation. It also
touches upon the matter of relationship between validity of field observations
and ability to account for them.

Earlier, Clayton (1974), one of the NIREX investigators, had divided Britain
into five zones by assessment of the degree to which the land surface has been
changed by the work of ice. Almost all of the Lake District was placed in a zone
of complete change. The surrounding land was placed in the next zone of
somewhat less modification but, even so, with ‘a new landscape created’. The
1997 NIREX report was foreshadowed by Clayton’s (1996) discussion of the
efficacy of ice erosion across the British Isles. The estimated volume of rock
removed, largely from corries and glaciated troughs, if removed evenly would
have lowered the Lake District by over 100metres. Clayton acknowledged that
his view on efficacy of ice erosion and landscape change were at variance with
‘many statements attributing little more than the modification of older landscapes
to our past ice sheets, or those which imply that periglacial stages have
witnessed the most rapid and lasting changes in the shape of our landforms’
(Clayton 1996, 139).

Boardman (1992) considered the likely relative effectiveness in changing
the landscape during the Quaternary of both ice sheet and restricted glaciations,
of periglacial and of temperate interglacial processes. Evidence for local
landscape change during the short Loch Lomond Stade was taken as relevant to
processes and change during other more prolonged periods of restricted
glaciation when large parts of the Lake District would have endured periglacial
conditions. He calculated that periglacial environments prevailed during some
sixty percent of the Pleistocene and concluded that the main cumulative effect
on the landscape was by periglacial processes which combine to ‘produce major
landscape change’ (Boardman 1992, 310), the amount of erosion by ice being
‘rather modest’ (Boardman 1992, 308), and rather little of that occurring in the
most recent of the ice-sheet glaciations.

For chosen sloping sites on fissile Skiddaw Group (SkG) rocks Boardman
(1992) assessed mean rates of denudation during the Loch Lomond Stade at up
to 1 mm yearly. Following Boardman, that would mean denudation of up to
about 70 m during the most recent full glacial-interglacial cycle. If extrapolation
through the Pleistocene it would come to some 100s of metres. Many sites,
valleyside and ridge top, on Borrowdale Volcanic Group and Windermere
Supergroup terrain show little evidence evidence of modification of glaciation
landforms. It is not clear that rates assessed from sloping SkG sites can be
generally transferred to other locations. Unless comparable denudation had
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examples of what Marr interpreted as relics of the preglacial surface’ (Hay 1944,
265).

In the Ullswater area he found areas, albeit small, of the latter even where,
more generally, the overall effects of ice were greatest (Hay 1944, 265). Most
little-changed ground was on the bounding ridges, the most changed in the
valleys where, according to Hay, ice had converged. ‘Some of the westward-
facing parts of Helvellyn, the whole of the Helvellyn Dods [are] good examples of
this subdued summit land’ (Hay 1944, 265).

That ‘all the ridges and most of the tops in the west of the Lake District
consist of the rugged land’ (Hay 1944, 270) confirmed for Hay that the west had
highest snowfalls brought by westerly winds. There, the old landscape had least
chance of survival. The eastern parts, with less precipitation, would generate
less ice and be covered for shorter periods. They would be exposed to frost
action for longer periods: solifluction would have ‘the result of preserving and
continuing the rounding and subduing influence’ due to ‘normal weathering’, and
retention of weathered mantle (Hay 1944, 271).

Mitchell (1931, 322) thought the ‘eastern part of the Lake District shows in a
remarkable manner the contrast between the topography of the country in pre-
glacial times and that due to the modification by ice action.” The pre-glacial
topography is ‘the rounded and smooth outlines of the fells which carry a
covering of rock debris ...... Outcrops of solid rock are few ...... valleys are well-
graded and have flat floors’ (Mitchell 1931, 323 - 325). He recognized that such
topography was extensive in the east of the Lake District ‘little altered from its
pre-glacial contour’ and that apart ‘from some slight modifications ...... the fell
slopes which extend eastwards from the River Sprint are mainly of pre-glacial
form’ (Mitchell 1931, 324-325). From the context and place-names mentioned,
this meant east of the part of Longsieddale north of Sadgill. ‘There seems little
doubt that taking the Ice-age as a whole the main force of its erosive action was
concentrated in the existing valleys, which ...... are now.characterised by their
U-shaped cross section’ (Mitchell 1931, 329).

Lake District studies (Hollingworth 1938, McConnell 1939, Parry 1960)
which sought to decipher stages in denudation from evidence of planation
(truncation) surfaces in various altitude intervals implied, by their recognition of
such forms, that the landscape retained the record of its pre-glacial history: there
were no possibilities of post-glacial formation. As Mitchell had described
remains of the older landscape in the eastern Lake District across almost the
whole of its altitude range, so too did planation studies collectively identify
surfaces across the fells, 90 — 850 m OD. Whether that identification was
correct is not the immediate point which is, rather, that the older relief was
implied to survive in some place or other across almost the whole Lake District
altitude range. These studies, part of a massive corpus of landscape
interpretation accumulated over several generations of study, had sought to
explain the landscape in a way which the NIREX (1997) report rejected without
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THE DISTINCTIVENESS OF THE SOUTHERN LAKE DISTRICT LANDSCAPE
Richard Clark

Professor Marr called the Silurian rocks of the Windermere Supergroup
(WSG) the Upper Slates. Discussing the relation of rocks and relief in the part of
the Lake District where they outcrop, he wrote (Marr 1906, ci) ‘the general
elevation of the tract of Upper Slates of the Howgill and Kirkby-Lonsdale Fells,
when contrasted with the comparatively low ground occupied by these slates in
the southern part of the Lake District proper, is explicable in the view that a
subsidiary uplift has taken place in the Howgill Fells. The low ground occupied
by the Upper Slates of the southern part of the district receives its explanation in
the fact that they lie almost entirely at some distance from the axis of the uplift of
the dome; when they approach that axis, namely at the head of the southern
Borrowdale, we find the fells formed by these rocks reaching their greatest
height ...... . Marr had three sorts of Silurian terrain, the Howgill and Kirkby
Lonsdale (or Barbon) Fells and, in the eastern Lake District, a low southern area
(LS) and a northern, higher part which extends north to the Shap Fells. Mitchell
(1931) included LS in discussion of relief development of the eastern Lake
District but not in any detail and since then, apart from accounts of its glaciation

and description of planation surfaces, the topography of the area has been
rather neglected.

Landscapes of LS and of the rest of the Lake District are quite different and
that is largely due to well-known differences in geology. The LS attracts less
attention than the more spectacular higher parts. Relationships between
geology and development of the landscapes have not been much discussed.
The LS landscape character is quite complex and in some respects it is
enigmatic: it reflects both a long geological history and more recent events. How
LS is defined, the geological foundations of its relief and how the present land

surface may have developed are outlined to give some account of the
distinctiveness of the LS landscape.

Boundaries of the south Lake District

The onshore periphery of the area falls into three parts (Figure 1). These
are, that in the east separating it from the Pennines and the Howgill Fells, that
from the Lune valley near Lowgill west to Ambleside, to the north of which rise
the higher eastern Lake District fells, and that from Ambleside south to the
Duddon estuary and Millom. Each part has its own characteristics.

North from Kirkby Lonsdale the Lune valley is bounded by approximately parallel
faults which, in the south, enclose a down-faulted wedge of Carboniferous strata.
Further north, the faults traverse Silurian rocks of the Windermere Supergroup.
Topographically, the boundary can be taken as the top of the west side of the
Lune valley. The east side of the valley rises to the Barbon and Howgill Fells in
WSG strata. Their summits reach 609m and 676m OD respectively. Near this
boundary LS reaches its highest altitude, 338m OD, on Lambrigg Fell east of
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Granite by early Carboniferous times also testifies to the degree of uplift and
erosion in, mainty, Devonian times. How did the southern WSG survive in its
two terrains, LS and the adjoining higher northern area?

The northern edge of WSG might be seen to mark the advance of erosion,
the retreat of WSG. The altitude difference along it, some 460m, is unlikely to be
a direct product of erosion but a measure of fater differential uplit. The present
integrity of that line of outcrop and the height difference along it suggest
relatively recent uplift with little subsequent erosion. Whether it has also been
relatively recently exposed by removal of cover rocks is not clear but is possible.
If uplift of the northern part of WSG outcrop was recent then division into two
terrains might also have been relatively late.

Considering how LS came to be a low area does not explain the
particularities of its present relief. One of the more intractable issues is whether,
when erosional truncations of structure were making the features now at about
300m OD, much more of the LS area then stood at that altitude or higher. That
is, how much material had to be removed to make the 300m features? It might
be expected that if the WSG, quite tough strata, stood extensively at over that
height more would now remain of the 300m levels and more could remain of
higher residuals. There are various possibilities. One is that WSG was more
extensive and stood higher in places and there has been a lot of subsequent
erosion. Another is that, on the fault blocks, younger strata also reached to and
perhaps over the 300m levels, and were then truncated and since further
eroded. A third is that there was already a pattern of relief in which only small
areas reached or much exceeded the 300m truncation levels. It need not be
assumed that very broad 300m surfaces were cut wholly in WSG rocks. The
present locations of surviving fragments, mainly near fault-bounded edges of
blocks, can suggest that little of the WSG blocks then stood higher and that tilted
slopes may have carried other, younger strata. A more extensive 300m surface

including strata other than WSG can be envisaged: so can a more limited
feature.

The more obvious candidates to be ‘other strata’ are the Carboniferous
limestones. It is reasonable to suppose they have been more extensive but they
do not now reach 300m OD in LS and it cannot be shown that they did when the
truncation at 300m OD took place. The contrast between the place of the

Carboniferous in LS landscapes and on the east and north margins of the Lake
District may be instructive.

From the Dent Fault near Kirkby Stephen the Carboniferous overlaps WSG
as far west as Shap Wells where it passes onto BVG rocks and then on and off
SkG and BVG and, in the north, Eycott Voicanic Group. On this long part of the
Lake District periphery the WSG was removed before Carboniferous
sedimentation. Here the limestone terrain is continuous as far west as
Cockermouth. lLocally, the base of the Carboniferous reaches 300m OD.
Overall, this terrain is upstanding with examples of truncation surfaces at about
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Distinctiveness

Much of what makes LS different derives from its restricted maximum
altitude and, thus, its small relief amplitude. It has visual as well as structural
unity. The subordinate characteristics, the noth - south fault-guided divisions,
the wedges of limestone terrain, the grain in the WSG terrain, occur across the
district. Although local variations can be recognised, they do little to weaken the
unity and no part resembles the Lake District of high fells and deep dales or
indeed any other adjacent area.

The LS area was outside the main zone of Ordovician volcanic activity. It
did not get large low-density intrusions: there are no areas of mass deficiency.
There is little tendency to respond to erosion by rising. As well, it avoided being
incorporated in adjacent Permo-Triassic basins. It sits between basins and
intrusions acquiring its own character and expressing it through its landscape.
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EXCURSION REPORTS 2002

THE GEOLOGY OF THE AREA AROUND NETHERTOWN
Leader: David Kelly (Cumberland Geological Society)
Wednesday April 17" 2002

A group of fifteen or so members and friends met in Nethertown village to
examine an area not visited before by the Society in the forty years of its history.
The area has few exposures and interpretation of the Quaternary history is
difficuit. The red sandstone buildings of the village indicate that the area forms
part of the outcrop of the St Bees Sandstone, aithough the depth to rockhead is
uncertain. Weathering of the buildings dating from about 1800 demonstrates the
variable quality of the stone. The nearest exposed quarry today is in Ellergill,
2km to the north-east. Cobbles are used to build the surrounding field walls; the

sub-angular shapes indicate that they were collected from the underlying drift
rather from the nearby beach.

The party walked northwards to a roadside vantage point at NX 987079.
The landscape of the drift cover appears irregular, chaotic and with no
alignment; it is described in the recent literature as “glacially over-ridden terrain”.
The maps produced by the Nirex investigations do not indicate the thickness of
drift or depth to rockhead in this area. The altitude is 34m OD at this point and
76m OD at Coneyside Cop, just over a kilometre away to the north. Rockhead is
close to sea level on the coast 300m away. It is likely that the drift cover is at
least 20m thick over a tract of country stretching 6km from St Bees to
Warborough Point so a large volume of drift is present about which
comparatively little is known.  Ellergill Beck and the lower course of the River
Ehen run north-south, almost parallel to the coastline and this drift lies between
these watercourses and the sea.

The road to Nethertown Station provides a good view of the coastal railway.
Construction of the Whitehaven and Furness Junction Railway, opened in 1850,
altered the coastal profile. From just south of Sea Mill to Warborough Nook the
line occupies a shelf approximately 12m above sea level. On the land side there
is a cutting and on the sea side an embankment. At the foot of the embankment
there is a narrow 7m raised beach, often occupied by wooden bungalows. The
raised beach ensures that the railway embankment is rarely reached by storm
waves and provides a natural sea defence for the railway. At two points,
immediately west of How Man and at Nethertown Station, the absence of the
raised beach has made construction of substantial coastal protection necessary.
At Nethertown the embankment is faced with stone armoury and a breakwater.
Further re-inforcement by stone blocks (Carboniferous limestone and
Borrowdale Volcanics) has taken place in the past 15 years, making access to
the beach difficult. There was considerable discussion about the industrial
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Member. Contorted beds of sand beneath the pebble gravel provided evidence
of extensive frost heave. Tracing the pebble gravel southwards, a thin lens of
peat was seen underlying recent deposits. Peat deposits from this locality have

been reported by Grieve and Hammersley, 1971, and dated to Pollen Zones Vla
and V1.

Proceeding southwards to Hillock Whins, extensive coastal erosion resulting
from the February 2001 storms was seen starting to cut into the Middle Hill Tifl
Member and exposing the now abandoned communal waste disposal pit.

The final locality was at Hare Hill (SD205 630) where a tri-partite sequence
of till-sand-till was examined. Here the lower Hare Hill Till Formation can be
seen with the fabric analysis indicating a glacial flow direction of south-west —
north-east. Incised into the till is an asymmetrical depression into which the
overlying sands have been deposited. Study of the sands showed they contain
convolute bedding with linear streaks of coal particles suggesting a West
Cumbria provenance. On this evidence the sands are correlated with those that
can be seen at Rampside and Roosecote and hence belong to the Roosecote
Sand and Gravel Member of the Rampside Glacigenic Formation. The overlying
thin till deposit is correlated with the Middle Hill Till Member.

References
GRIEVE W. & HAMMERSLEY A. D., 1971. A Re-Examination of the Quaternary

Deposits of the Barrow Area. Barrow Naturalist's Field Club Proceedings
Vol X New Series 5-23.

HUDDART D., TOOLEY M. J. & CARTER P.A. 1977. The coasts of northwest

England. In Kidson, C. The quaternary History of the Irish Sea. Geological
Journal Special Issue No 7.

THOMAS G. S. P., 1991. Northern England. In Bowen, D. Q. (Editor) Revised
Correlation of the Quaternary Deposits in the British Isles. Geological
Society Special Report No. 23 91-98.

SILURIAN ROCKS SOUTH OF TORVER
Leader: David Kelly (Cumberland Geological Society)

Sunday 30™ June 2002 (Joint Meeting with the Open University Geological
Society)

This excursion, held on an extremely wet day, generally followed the
itinerary described in Lakeland Rocks and Landscape, pp41 — 45. On this
occasion the localities visited were: Gawthwaite Formation in the disused
roadside quarry at Whins (SD 270933); Latrigg Formation in small disused
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quarries near Hazel Hall (SD 270928); Poolscar Formation on the slopes of Birk
Haw (SD 267922) and the north-east slopes of Huntpot Dub (SD 267918);
Moorhowe Formation and possible transgressive microgranodiorite-microgranite
porphyry sill at Mere Moss and surrounding area (SD 267915); Yewbank
Formation at the ridge south-east of Mere Beck (SD 268914); Bannisdale
Formation and dyke at Brown Howe quarry (SD 289909) and the Gawthwaite
Formation at Eccleriggs Bank quarry (SD210867).

On crossing the route of the disused railway between the first two localities
the link with mineral extraction in area was noted. The Coniston Railway
between Coniston and Foxfield was opened in 1859 to transport minerals from
Coniston to the Furness Railway for transhipment. Prior to this, barges on
Coniston Water transported minerals for shipment from the port of Greenodd.
Passenger traffic continued until 1958 with the line finally being closed to goods
in 1962.

THE SCENERY OF THE NANNYCATCH GORGE
Leader: David Livesey (Cumberiand Geological Society)
Wednesday July 17" 2002

A large group of members and friends met on the Cold Fell road close to
Kinniside Stone Circle where a small tributary stream of Nannycatch Beck
crosses the road (NY 059139). The area lies at 220m OD close to the Ehen -
Calder watershed. Much of Blakeley Raise, Flat Fell and Dent are covered by
drift resting on the westerly, younger part of the outcrop of the Skiddaw Group
which generally dips to the south-west in this area. Irish Sea lce met Lake
District Ice in this area and the effects of the two ice masses and their
meltwaters are seen in the landscape.

In the 1930s Nannycatch Gorge was attributed to erosion by meltwaters
overflowing to the south and west from glacial Lake Ennerdale which was
impounded by the Irish Sea Ice. The more modern explanation is that the valley
system was formed by subglacial aqueous erosion.

The party descended into the northern part of the valley. Beside the track
mudstones show complex folding. At the valley floor the small stream is a misfit
in its gorge-like valley. The part of the valley extending on the north side of Flat
Fellis dry. Further south the size of the stream increases as it is fed by seepage
from Flat Fell. Walking southwards fan features extend from the Blakeley side of
the valley and a river cliff is cut in scree material on the Flat Fell side.

At the narrowest part of the valley there is a smalt adit on the west side of
the valley and the path crosses the spoil heap. This is the Kinniside Vein,
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EXCURSIONS REPORTS 2003

As part of the field excursion programme for Summer 2003, the Society
arranged a series of evening trips to several locations visited by previous
excursions. In some cases changes in the exposures or re-evaluation of the
sites has warranted inclusion of a new report in the Proceedings. In other cases
a reference to earlier Proceedings is given.

THE LOWER BORROWDALE VOLCANIC GROUP SUCCESSION ON
FALCON CRAG AND BROWN KNOTTS, DEWENTWATER

Leader: Dr Alan Smith (Cumberland Geological Society)

Sunday April 27" 2003 (Joint meeting with the Westmorland Geological
Society)

A large group of members from both Societies met at the National Trust
Great Wood Car Park on the Borrowdale Road south of Keswick (NY 272215).
The aim of the excursion was to examine a section of the Borrowdale Volcanic
Group (Birker Fell Formation) forming the classic trap topography on the eastern
shore of Derwentwater. This section provides some clues as to the volcanic
environment in which this succession was deposited.

Falcon Crags and Brown Knotts overlook the eastern shores of
Derwentwater and provide a well-exposed, 650m thick succession of lavas and
interbedded pyroclastic rocks within the Birker Fell Formation, the basal part of
the Borrowdale Volcanic Group (BVG). The volcanic succession dips gently to
the east (less than 10 degrees) and forms a series of prominent terrace features,
particularly on Brown Knotts — a fine example of classic trap topography. This
succession provides an excellent example of the largely subaerial, plateau-
andesite field that is exposed extensively in the south-westemn, western and
northern parts of the BVG outcrop and which developed as a precursor to the
large-scale ignimbrite volcanism and caldera collapse of the upper parts of the
BVG succession. A transect up the slope - up the succession, demonstrates
the great variety of materials that make up this pile and the variability of the
environments of deposition.

The area was first mapped and described by the original Geological Survey
work of James Clifton Ward in 1876. Further references to the area were made
by Marr (1916), J.F.N. Green, and Shackleton (1966). More recently the area
was remapped by Suthren (1977) and featured in the GA Guide to the Lake
District (1990). The new BGS survey of the area in the 1990s is now embodied
in the new Keswick Sheet 29 and the accompanying sheet explanations. The
site warrants Geological Conservation Review status and has been described in
Vol. 17 of that series by Beddoe-Stephens (1999). Whilst these three most
recent studies present very similar interpretations of the rocks, there are a few
slight differences in nomenclature and some subtle differences in the mapping
detail (Figures 1 and 2).
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There is a major unconformity with the Skiddaw Group rocks (Buttermere
Formation) at the base of the volcanic pile. The junction is not well seen, but is
now interpreted in this section, as a major faulted junction. The Derwentwater
Fault defines the eastern shore of the lake and extends south into Borrowdale
and north for a considerable distance into the Skiddaw Group outcrop. A purple
breccia occurs at the junction in this section and complicates the sequence. In
other places a fine grained andesitic lava forms the base of the volcanic pile.

The lower part of the succession comprises generally sparsely porphyritic to
aphyric fine-grained lavas with intercalated volcaniclastic units. The upper part
(not reached on the excursion), by contrast, is dominated by moderately to
strongly porphyritic andesites. The lavas vary in thickness from 10-100m and
tend to form conspicuous relief features.

In the lower part of Cat Ghyll the lowest andesite was examined. Beneath it
there appears to be a narrow tuff band on top of a complex breccia type material
that was discussed (inconclusively) by Shackleton in 1966.

The main section examined was on Brown Knotts where a series of lavas,
interbedded volcaniclastic sequences, and a well-defined lithic tuff horizon were
seen. Near the top of Brown Knotts is the distinctive sill which has been
described by Branney and Suthren 1988. The leader explained the
interpretation placed on the sequence as the party ascended the section.
Several exposures led to discussion. Figure 3 provides a summary of the
interpretations discussed. The leader was thanked by the President of the WGS
for an interesting excursion to an area unfamiliar to most members.
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MOUSEGILL QUARRY, WILTON NEAR EGREMONT
Leader: Mervyn Dodd (Cumberland Geological Society)
Wednesday May 14" 2003

The Society previously visited the quarry (NY 048090), known locally as
Limekiln Lonning in June 1980; a report appeared in Proceedings Volume 4 Part
2, page 147. The 2003 excursion, attended by 20 or so members on a sunny,
chilly evening, was to see how well the features reported had survived and to
update the description if necessary.

The quarry was developed in the early 19™ Century to provide a local
source of slaked lime within Wilton township in the Parish of Haile. It was
needed to allow the then modern techniques of the Agricultural Revolution,
made possible by the local Enclosure Act, to be practised.

The quarry is in a faulted outlier of Carboniferous Limestone with the older

Skiddaw Group and Borrowdale Volcanic Group rocks around. The Limestone is
the lowest unit (of the Holkerian stage) of the local Dinantian Chief Limestone
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Group. In 1980 it was called the Seventh Limestone, now it is the Frizington
Limestone Formation, only exposed in two locations. This is the reference
section. The main importance of the outcrop is that it supports the hypothesis
that rocks younger than the Lower Palaeozoic once extended over the Lake
District Dome, dipping outwards, gently westwards at 10° here.

The accompanying map (Figure 1) shows the locations visited and those
referred to in Mr Shipp’s earlier article. The slickensiding along the north - south
fault plane west of the Limekiln Lonning (9 on the map) is hidden by tree growth.
The group did not visit locations (10 & 11), where the BVG and a possible
intrusion outcrop, which are partly obscured by tree planting. The fine specimen
of the brachiopod Davisiella, the fine productid brachiopods and the solitary coral
Zaphrentis Mr Shipp mentioned had disappeared.

The group entered the site east of the Lonning, stopping first at location 1,
an outcrop of bedded, reddened, rather coarse, sandy rocks, possible
Carboniferous Basement beds of ?Chadian age. The next stop was to view the
limestone breccias at locations 2, marking the course of a fault running north-
northwest — south-southeast. Interestingly these had not been quarried. The
cliffs immediately to the east were largely bioclastic limestone with many crinoid
fragments with thin chert bands. A fence extending part way east up the slope
marks the faulted axis of the shallow, open syncline (wrongly named as an
anticline in the earlier Proceedings). Brecciation is very strongly developed with
large calcite masses where the axis is exposed just above the Lonning wall at
location 3.

We then made our way onto the flat limestone surface above the cliffs.
There was a striking contrast between the fresh green pasture on it and the
damp brown to grey herbage on the impermeable material to the east. There
were several small, shallow collapse hollows en route to Goosey Tyson's Well,
location 4, an active swallow hole. A small stream disappears quietly
underground in this 4 - 6m deep hollow. We then walked west into the northern
part of the quarry which has much more clastics than the southern part of the
quarry we first visited.

At location 5 there were small tubes or burrows of the trace fossil
Thalassinoides (Figure 2), at the top of a weak lime mudstone bed, immediately
below a more resistant limestone. The extent of the trace fossils was much
larger than most we see. The uppermost cliffs (location 6) in this part of the
quarry have several Lithostrotionoid coral colonies, up to the size of caulifiowers.
A gastropod specimen was collected, probably Bellerophon. One of the cliffs
above has a curving tube, at location 7, extending for 5m or so, thought to be
phreatic in origin. This would have formed below the water table level when it
was at a much higher level than at present.

We then left the quarry, walking 200m or so into a field to the north west. At
location 8, the banks of a small stream, which was cutting a shallow ditch, there
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were modest exposures of Skiddaw Group rocks, rather thinly bedded and
sandy.
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PERMIAN BROCKRAMS AND SANDSTONES IN THE EDEN VALLEY
Leader: Gordon Taylor (Cumberiand Geological Society)
Wednesday July 9" 2003

A group of about 20 members and guests met in the village of Nateby —
some distance from the normal area for evening field visits. Here the leader
explained that the three localities to be visited all lie within the Eden half-graben.
The objective was to view the geology of the Eden valley half-graben (which is
associated with the opening of the North Atlantic Ocean) at three sites that have
been designated either as a RIGS or a SSSI.

The party then walked through the fields to the first locality close to the
River Eden immediately west of the village (NY 773067). Here there is an
excellent series of three-dimensional exposures showing the lensoid flash-flood
Permian Brockram deposits that contain cobbles and pebbles of Carboniferous
Dinantian limestones. The Brockram is exposed in a river cliff east of the river
and probably lies conformably on the Carboniferous Limestones to the west of
the river. The line of the unconformity at the base of the Permian was easily
delineated by an exposure of the limestone to the west of the Eden River.
These exposures are at the southerly tip of the outcrop of the Brockram but the
leader noted that evidence from spores indicates that Brockrams occur at
various horizons within the Permo-Triassic. At this locality the clasts are
exclusively of Carboniferous Limestones of various shapes. Bedding planes
separate lenticular, vertical sections through cones deposited by flash floods.
These units are derived from the Carboniferous to the west and thin towards the

east. The sequence fines upwards, it was suggested due to topographic
lowering.

Further east and up the dip from this locality, some 70metres west of the
village, is a disused quarry in the Brockram. In contrast to close to the river, the
beds here are tabular, the clasts are finer and there are shale partings. Some
cross bedding is also visible as are various solution features. The age of the
upper exposure of sandstone evoked considerable discussion since some
authors had mapped the horizon as being equivalent to the lower beds of the
Triassic Sherwood Sandstone Group. Although the exposure contained a few
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LECTURE REPORTS 2002 - 2003

THE HISTORY OF WOMEN IN GEOLOGY

A lecture by Dr Cynthia Burek (Chester College)
on September 18" 2002
at Newton Rigg Campus

Dr Burek began her presentation by asking members present to complete
forms listing the ten most influential women in history and ten important women
scientists. This was for an ongoing international project in which she was
involved. Our answers revealed our ignorance.

The questions Dr Burek posed were as follows:- Where are women in

geology? Where were they? She analysed the evidence about their academic
position historically and geographically.

Women geologists were found, like the dedicated spinster Gertrude Elies
who collected graptolites for over 20 years, in branches of geology where
fortitude, patience and toleration of drudgery were expected. Palaeontology and
the illustration of specimens are examples. Initially many like Mary Morland
(Lady Buckland) and Lady Lyall had become assistants to their scientific
husbands, in the case of Mary Morland having already proved herself as a
geologist. Many ladies of leisure, essentially amateurs, built up collections that -
are still highly regarded. In the middle and later years of the 20" Century,
women geologists made important contributions to the study of Alpine tectonics
and the origin of granites beside their expertise in fossil study.

Historically very few women had been well known scientists. With the
exception of Mary Anning at Lyme Regis few women geologists were famous.
Marie Curie was almost the first high profile woman scientist. This was in part
due to the denial of formal education to women until the advent of state
education in Western Europe. They were essentially amateur, whether defined
by the lack of university education or lack of paid positions, but so were many
men in the Unitied Kingdom then. 1t was 1871 before British women were first
aliowed to seek professional scientific qualifications, initially medicine.
Previously it was only women of low social class in Britain who had been able to
get a rudimentary scientific education. After 1885 women began to receive
university training in geology in Britain. It was only much later in reality that
women were actually admitted to prestigious scientific societies like the GA and
Royal Society. They were moving from the early 20" Century, from being
amateurs to professional positions. In effect it was not until the middle of the
twentieth century that women became prominent geologically. This was
approximately when Scientific Feminism started to develop. More recently there
has been a movement by women from a variety of professional careers to an
amateur interest in geology, often through OU courses, sometimes as part of a
change of career and life style.
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The United Kingdom seems to have been notably slow to accept women as
highly regarded geologists. In the United States and Canada they were
accepted earlier professionally and their expertise was allowed to develop.

Dr Burek described the contributions made by many women geologists.
Her comparison of the work of the patrician Mary Morland and the down to earth
Mary Anning was especially fascinating. Other vignettes were her description of
the wide-ranging natural scientific work of the unmarried Etheldreda Bennett and
Mrs Mantell's final exasperation with having to play second fiddle to her
husband’s absorption in geology. The selfless devotion of Catherine Raisin to
her students at Bedford Coliege, London had deeply impressed her.

Regrettably Dr Burek’s audience was rather small. Unfortunately she was
unable to show her slides, especially the final one, which had been intended to
be the piece de resistance. This was because the slide projector provided did
not appear to be in working order.

CYPRUS: LIFE AT THE EDGE

A lecture by Dr Trevor Morse (Durham University)
on 16" October 2002
at Newton Rigg Campus, Penrith

Dr Morse began his talk by pointing out that Cyprus has distinctive geology,
different from anything in the British Isles. He introduced his topic by displaying
samples of chromite, gypsum, radiolarite chert, chrysotile (fibrous serpentine) as
well as maps of the Geological Survey of Cyprus.

The plate tectonic position of Cyprus is complex. Africa plunges beneath its
south south-west end and it partly lies on the Turkish/Eurasian plate but is not
truly part of either, hence the title of the talk: Life at the Edge. Two main
terranes occur. The allochthonous terranes include material transported from
their site of deposition by tectonic activity such as thrusting and the
autochthonous terranes which are comprised of the overlying sediment cover
which is found in situ. Maps were displayed showing the position of Cyprus with
respect to the closure of the Tethys Ocean from 141Ma to the present day. The
suture or line of closure between the two plates has an ophiolite complex at each
end: Cyprus and Oman. Although each lies on a metamorphic sole the
situations are different; Oman has been obducted whereas Cyprus is seen in its
true locality but in a terrestrial situation. In the future Cyprus will move north-
eastwards and be accreted on to Turkey.

There are three different allochthonous basement terranes: the Kyrenia
Terrane, the Troodos Terrane and the Mamonia Terrane. The latter two have
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A great variety of mineral wealth has been exploited from a variety of
geological settings. Asbestos and chromite pods, now worked out, are from the
mantle. The copper and iron sulphides, gold and silver exploited from Roman
times were formed by black smoker activity above the lower pillows. Above this
level, umber, formed from altered basalts, was exploited for paint pigment.
Gypsum has been exploited from the sedimentary rocks and evaporites and
Miocene chalks are worked for concrete manufacture.

Dr Morse concluded his talk by showing a vast array of colour slides
referring to the features and phenomena which he had so eloquently described.

LIFE: AN UNAUTHORISED BIOGRAPHY

A lecture by Professor Richard Fortey (Natural History Museum)
on November 13™ 2002
at Westiakes Research Institute, Whitehaven.

The theme of Professor Fortey’s lecture was that life on Earth has passed
through a series of thresholds where adaptive radiations have enriched life,
eventually to produce the complex ecosystems of today. He noted the long
tradition of palaeontologists who have worked to document these changes,
including those such as Postlethwaite and Goodchild who did pioneering work
on graptolites in the Lake District.

The origin of life is thought to have been in anoxic, hot, sulphur springs
where certain bacteria were able to develop. Studies of modem equivalents of
these bacteria, which flourish today in environments such as parts of the Persian
Gulf, reveal that they are very primitive genetically. Fossils of blue-green
bacterial stromatolites, 4,000 to 3,500Ma old from Bitter Springs Australia,
Zimbabwe and the Gunflint Chert in North America provide evidence of the early
colonisation of the Earth. The Martian probes may find evidence of similar
organisms. These organisms trapped sediment and built up bacterial mats, with
a top layer of slime cutting out harmful radiation. Much of the evidence has been
destroyed by later geological events such as metamorphism and only survives in
a few stable areas. Through photosynthesis, these primitive organisms helped
build up the oxygen content of the atmosphere so that respiratory organisms
could eventually exist.

At 1,500Ma the first nuclei appear in the eucaryotic organisms, and at
1,300Ma sexual differentiation allowed interbreeding and the development of
more complex forms. It may be that the first heterotrophs occurred here,
although there is no fossil evidence. The fungi broke off at this stage, although
they have a very poor fossil record. They are much closer to the animal branch
and were to play an important role in recycling nutrients.
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3. The sea moved inland. Organisms deposited limestone and shale of the
Middle Carbonate Unit on a wide very shallow continental shelf. The edge of the
shelf rans through the area that became the main ranges of the Canadian
Rockies. The feature is called the Kicking Horse Rim.

4. Mild uplift raised the West Alberta Ridge and Peace River Arch (425-390
Ma) putting a gentle bend into the rock of the continental shelf. Some of the
Middle Carbonates were eroded away.

5. After the Western Alberta Ridge was eroded away, reefs developed in a
warm, shallow sea (373-366 Ma). Planktonic organisms and cyanobacteria
produced hydrocarbons, which remained to become oil and gas in the reef rock.
All the world’'s major landmasses were assembling themselves into a new
supercontinent called Pangaea.

6. Pangaea starteded to rift apart, and North America moved north-
westwards (175-149 Ma). The continent collided with two chains of islands
riding northeastwards on the oceanic floor. The islands amaligamated into a
landmass strip that attached to North America. The impact produced mountain
ranges that spread north-eastward. By 140 Ma the westernmost Rockies were
above sea level. The oceanic plate changed its direction of movement to south-
easterly. Mountain building stalled. The outer half of the added-on landmass
was carried south-eastwards along the continental edge to Baja California. Later

the oceanic plate resumed its north-easterly movement and the landmass strip
slid back.

7. Hauled in from the south along transcurrent faults, a third landmass
pressed against the west coast (85-45 Ma). The pressure rejuvenated mountain
building across western Canada, raising the Rockies higher and extending them
farther eastward. Towards the end, crustal stretching across southern British
Columbia caused block faulting that produced the southern Rocky Mountain
Trench, dividing the Rockies from the Columbian Mountains.

8. At present in the Rockies, after 45 Ma of erosion, the Old Clastic Unit is
exposed mostly in the main ranges, and the young clastics are exposed mainly
in the foothills.

Geological maps and cross sections across the central region through Banff
and Jasper showed how the thrust sheets make it possible to divide the Rockies
from east to west into three roughly paraliel ranges.

1. Foothills - Young Clastic Unit

2. Front Ranges — Middle Carbonate Units

3 Main Ranges — mainly Old Clastic Unit, which can be divided into the
Eastern Main Ranges and Western Main Ranges.
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Having outlined the geology of the subject area the illustrated part of the talk
commenced with a view of the Columbia Mountains around Revelstoke.
Passing through Glacier National Park, the folded shales of the Columbia
Mountains produced sharp peaks with glaciers sitting in corries. Descending
from Rogers Pass into the Rocky Mountain Trench to Field where, west of Mount
Stephen, formed from carbonates of the Cambrian Eldon Formation, the rocks
are shalier and form the Western Main Ranges. This is the locality of the
famous Burgess Shales. Trilobites are found in the Stephen Formation to the
west of Mount Stephen, whilst the quarries yielding the fossils of the soft bodied
creatures are situated on Fossil Ridge above Emerald Lake between Mount
Wapta and Mount Burgess. Mount Wapta and Mount Stephen are part of the
Kicking Horse Rim and a slide showing a reconstruction of the feature and
identifying the position of the quarries was shown. Slides of the following soft-
bodied fossils were shown: Otftoia, Burgessochaeta, Marella, Opabinia with
reconstruction, Hallucigenia with reconstruction, Sponges attached to a worm
tube, Pikaia, Nectocheris (Figures 1 — 6).

At Banff the views of Cascade Mountain and Mount Rundle show the
topography typical of the Front Ranges. In steep, westerly-dipping thrust sheets,
the hanging wall exposes the late Palaeozoic sandwich of Devonian Palliser
Formation overlain by late Devonian to lower Carboniferous Exshaw Formation
and lower Carboniferous Banff Formations and Rundle Group. General views
from the summit of Suiphur Mountain placed these mountains in a broader
setting with Cascade Mountain being thrust over the late Jurassic to early
Cretaceous Kootenay Formation, whilst the Mount Rundle thrust sheet lies upon
rocks of Triassic Age. Along the Tunnel Mountain road views overlooking Bow
River showed glacial mud flow deposits sculptured by wind and rain forming
columns called Hoodoos.

Between Banff and Lake Louise, Castle Mountain in Middle Cambrian
carbonates of the Cathedral, Eldon and Pika Formations, provides an excellent
example of the broad, open folds producing nearly flat-layered rocks and castle
like peaks typical of the Eastern Main Ranges. Approaching the village of Lake
Louise, Mount Temple can be seen. Lower Cambrian clastics of the Gog Group
form the lower cliffs whilst the upper cliffs comprise Middle Cambrian carbonates
of the Cathedral, Stephen and Eldon Formations. Roadside outcrops of slates
belong to the Precambrian Miette Group which accumulated as a thick blanket of
strata across the rifted edge of the continent when North America separated
from Australia some 750 Ma. Views down Lake Louise show Victoria Glacier
and some excellent lateral moraine probably from the Little ice Age. The rocks
enclosing Lake Louise basin are Precambrian and Cambrian in age, consisting
of slate and gritty sandstone of the Miette Group and quartzite of the Gog Group.
The emerald green waters are the result of the light refecting off the rock flour
suspended in the water. Moraine Lake, in the Valiey of the Ten Peaks, south of
Lake Louise, is enclosed within a broad valley between Mount Temple and
Pinnacle Mountain on the north and a row of ten peaks to the south and south-
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west. Views of these magnificent peaks carved from horizontal Cambrian strata
of the Gog Group were seen on the approach to Moraine Lake. The name of
Moraine Lake is a misleading as the lake is dammed by a small landslide-pile of
Gog Quartzite from adjacent Mount Fay and the Tower o Babel.

The journey from Lake Louise to Jasper is along the Icefields Parkway,
which follows a course entirely within and parallel to the eastern Main Ranges.
For most part the route follows the surface trace of the Simpson Pass Thrust.
Views of Crowfoot Glacier and Bow Lake together with Waterfowl Lakes show
stunning views of the the eastern Main Range mountains glaciers and lakes.
Approaching Saskatchewan Crossing, Mount Wilson is seen exposing four type
sections of the Lower Palaeozoic (Ordovician) formations widespread throughout
the Rocky Mountains. Travelling north, braided river systems are seen and, as
Sunwapta Pass is approached, a syncline in the Devonian Palliser Formation.
Climbing up to the top of Sunwapta Pass, a view south from the “Big Hill” shows
the Weeping Wall of Cirrus Mountain and spectacular views back towards
Saskatchewan Crossing. Proceeding northwards, views of the Boundary Glacier
on Mount Athabasca are seen hefore dropping down to the Ice Field Centre.

A tour onto the Athabasca Glacier shows some typical examples of the
glacier morphology; with three successive ice falls from Columbia Icefield,
englacial streams disappearing into moulins, inclined ice bedding indicating the
compressive stresses at that part of the glacier, and excellent 50m high lateral
moraines resulting from the Little Ice Age advance. Meltwater streams feeding
the proglacial Sunwapta Lake remind us of the susceptible nature of the
beautiful landscape to changes in environmental conditions. The Continental
Divide is situated on the Snow Dome (3459m). From this locality, water flows
into the Atlantic, Pacific and Arctic Oceans. Dome Glacier, in the adjacent
valley, provided effective insulation form the heat of the sun.

At Jasper, the Whistler tramway terminal at 2265m provides excellent
panoramic views of the surrounding mountains of the Main Ranges from Mount
Robson in the north round to Mount Kirkeslin overlooking the Icefields Parkway
in the south-west. Below, the Athabasca River is seen flowing into Jasper Lake
with the Devonian Palliser Formation cliff of Roche Meitte beyond.

From Jasper, Route 16 leads past Yellowhead Mountain and Lake to Mount
Robson National Park. A clear day provides a view of Mount Robson (3954m)
formed from the Cambrian Pika, Actomys and Lynx carbonates. Proceeding
westwards the route passes through Valemount in the Rocky Mountain trench
and back into the Monashee Mountains of British Columbia.
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VOLCANOES IN THE LANDSCAPE

Presidential address by Dr Alan Smith
on January 15" 2003
at the Friends’ Meeting House, Cockermouth

Dr Smith began his talk by reflecting on a text he first encountered as a
student in the 1950s: Volcanoes as Landscape Forms, written in 1944 by
Charles Cotton, Professor of Geology at Wellington, New Zealand. The
geomorphological approach taken in the book was to be followed in the lecture.
Eruption is a constructive phase followed by the destructive phase of collapse
and erosion.

Factors in the eruptive nature include the volume of magma, the type of
magma, the duration of eruption and whether the eruption is submarine or
subaerial. Explosive and non-explosive effusive volcanoes produce a vast array
of forms. During collapse the magma chamber empties, the surface of the pile
collapses in to produce a caldera, often along the lines of faults or fissures.
Violent eruption is an important part of this process. Sector collapse involves
only part of the pile. Erosion begins as soon as the volcano is created and may
involve all the erosive agents. Factors here include climate, time and the nature
of the volcanic materials.

Simple, monogenetic cones are the result of small short eruptive phases
and include the ash and cinder cones. They may be the product of a few hours
or one year only. They are relatively small and reach a maximum of 2000 —
3000m. They may be elongate along a fissure. Debris lies at its maximum
angle of rest. e.g. 32° therefore there is a standard height : width ratio.
Photographs were shown, of the southern flanks of Etna with features a few
hundred years old, Silvestri Inferiori in 1892, Silvestri Superiori the following
year, Pleistocene puys in Auvergne showing alignment along a fissure in order
of age and cones of the Craters of the Moon in Idaho. - Various photographs of
the North Arizona - San Franciscan field were shown where sparse vegetation
causes features to stand out clearly. The area includes Sunset Crater which
erupted in 1064 and 1065. The area was settled by the Singua people who had
to move during eruptions and a combination of archaeological and geological
evidence has allowed the dates to be calculated. Progressive erosion causes a
negative correlation between the height and age of ash and cinder cones.

Tuff rings and tuff cones are the result of phreato-magmatic activity. In the
tuff ring water levels are lower allowing material to be thrown further. Haverfjell,
Iceland and Diamond Head, Honolulu are examples. n tuff cones such as Koco
Crater, Hawaii, the level of water is greater and material is more viscous and not
thrown so far.

Pseudocraters form when lava runs onto wet ground. Steam is generated
and breaks out through, throwing material outwards, forming a crater. Maars are
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similar but more violent. Some collapse and often contain lakes. The Eife!
district of W. Germany is a classic area. Examples of the intrusion of magma
into cold, damp sediment can be seen at Greenscoe in Furness.

The speaker then went on to deal with polygenetic, complex, composite
features. Mount Hood in the Cascades is a relatively simple cone, formed from
a single vent from Pleistocene times to the present day. Itis 70% lava. At Hekla
in Iceland eruption from a fissure produced a more elongate feature. Etnais a
much more complex feature and has three summit craters plus a number of
subsidiary vents on the flanks.

Few individual volcanic piles rise more than 2,500m high. It is difficult to lift
the magma higher and there is the geometrical problem of the amount of magma
needed. Volcanic cones tend to be steeper nearer the top, therefore significantly
more magma is needed to raise them higher. The pile also becomes more and
more unstable and tends to sink isostatically. Lighter, more silica-rich, viscous

lavas are piled to greater heights and they also tend to be harder and more
resistant to erosion.

Types of eruption are also reflected in the landforms they produce. In
Taupo National Park, New Zealand violent eruptions of single vent, calc-alkaline
volcanoes have produced steep-sided cones with much pyroclastics. The Puy
de Dome (Auvergne) is formed from trachyte of similar composition. Mount
Lassen in California is an explosive dacite volcano with two very steep peaks.
The steep slopes of Mount St Helens, with much pyroclastics, led to the sector
collapse in 1980. Highly viscous rhyolite lavas are found in the Tarawera area of
New Zealand, Lassen in California and at Little Stand in the Lake District.

In contrast, basalts produce fairly level terrane and low angled shield
volcanoes. Examples are found in Auckland Harbour, New Zealand (a mini
shield), and Mauna Loa, Hawaii — the largest volcano on Earth. These non-
violent volcanoes may form “mercedes star” patterns. Flood basalts involve
enormous volumes of lava; examples discussed included the Colombia Plateau,
Idaho, the Karoos of South Africa and the Britanno-Icelandic Province with its
classical trap topography. Basalt cones have huge craters with steep sides in
which the magma level rises and falls, e.g. Kilauea, Batuil on Bali has an
andesitic cone within the crater. Mount Teide on Tenerife is the biggest volcano
outside Hawaii. The Azores lie on the Mid-Atlantic Ridge and are a series of
volcanic complexes showing collapses.

Finally Dr Smith discussed the destructive elements affecting volcanoes.
Big craters associated with huge eruptions and cauldron subsidence include
Taupo, New Zealand, Crater Lake, Oregon and Yellowstone National Park. A
sequence of erosive forms in the progressive destruction of a cone was
discussed. Initially channels will produce radial ribbing of the cone. Rills will
then integrate producing triangular facets on the lower cone. Finally the whole
pile is reduced with more resistant elements such a plugs and dykes standing
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out. This was illustrated with slides from Lanzarote, Hawaii, Gran Canaria (with
its coastal gorges of the master streams) and the Auvergne.

CONISTON COPPER MINES

A short presentation following the AGM by Nigel Courtman
on February 26" 2003
at the Friends’ Meeting House Cockermouth

The talk began with slides outlining the geological history of the area from
the formation of the Borrowdale Voicanic Group and Windermere Supergroups
in the Ordovician and Silurian, the closure of the lapetus Ocean about 420Ma,
the Arcadian Orogeny in late Silurian to Devonian times and the emplacement of
the Lake District batholith. Details of the Coniston area were illustrated using the
BGS Ambleside sheet 38.

Coniston village lies on the Silurian turbidite sandstones of the Birk Riggs
Formation but the Coppermines Valley area includes various units from the
Borrowdale Volcanic Group. These include the Low Water Formation (dacitic
lapilli tuff, volcanic sandstone and andesite sills), the Lag Bank Formation
(dacitic lapilli tuff), the Paddy End Member of the Lickle Formation (welded
rhyolitic tuff), the Duddon Hall Formation (bedded andesitic tuff), the Long Top
Member of the Airy’s Bridge Formation (welded rhyoloitc tuff) and the Seathwaite
Fell Formation seen on Coniston Old Man (volcaniclastic sand and interbedded
tuff). Most of the Coniston veins formed soon after the igneous activity but the
range of ages of mineralisation is Devonian to Jurassic with, for example, K-Ar
dates of 288Ma from altered wall rocks. Unlike non-ferrous mineralization in the
Skiddaw Group, the copper veins favour hard rock. They follow almost vertical
faults, striking north-west — south-east and were mined up to 1,600ft below the
surface. There are two main veins, the Bonsor and Paddy End Veins. The main
primary ores were chalcopyrite and malachite but arsenopyrite FeAsS,
tetrahedrite (Cu,Fe);,Sb,S43 and Tennantite (Cu,Fe);,As4S3 also occur. Quartz
and magnetite were common gangue minerals.

Mining began in the Lake District in the mid 16™ century. There is a distinct
possibility of Roman mining but no direct evidence. German mining expertise
from the Tyrol was brought in and in 1564 an agreement was made between
QE!, Sir William Cecil (chief adviser) and Thomas Thurland. The mine pump
engine was invented by Daniel Hechstetter senior, of Salsburg and German
finance was used in the early developments culminating in the Royal Charter to
develop the area. Mining had started at Coniston by 1602 with central figure
being Allan Nicholson who married Hechstetter's daughter.

Elsewhere in the Lake District German influence was at work in Goldscope
Mine (Gottesgob = God's gift). Ore from Goldscope was smeited at Brigham
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resuiting in vast clearances in Borrowdale for charcoal. It was to here that
Coniston ore was hauled some 20 miles by pack horse.

Mining was laborious. At Red Dell “coffin” shaped levels were hand-driven
with the rock split by two “half round” tapers (“plug and feather”). Fire setting
was also used. In the Paddy End Rhyolite it took one week to work one foot.
German mining ended in 1642 and there was little activity for the following 40
years. Lake District mining was disrupted by the English Civil War and
Cromwell destroyed the smelt works in Keswick. The Germans had mined to a

depth of 10 — 12 fathoms although today there is little field evidence of their
activities.

The Paddy End Vein lies close to the present water treatment plant. Here
the name Simons Nick commemorates a miner, aged 32, who lost his life, and
was said to have sold his soul to the devil for guidance to the richest veins.

The next chapter starts with Charles Roe, a wealthy silk industrialist from
Castleton, Derbyshire who established the “Macclesfield Copper Co” and in
1756 obtained rights from le Fleming to work the area. The company also
worked the Parys Mine in Anglessey, the biggest in world at the time. In 1758
the old German mines of the Bonsor vein were re-opened. Slides were shown of
the wheel shaft housing which stands on the East Bonsor Vein and of the plan of
the mine as worked by Roe. At this stage the invention of gunpowder allowed
mining to reach down to 50 fathoms. At that time ore was taken down to
Coniston Water and shipped to Nibthwaite then carted to Penny Bridge and the
port of Greenodd from where it was shipped to Macclesfield Co. Smelters in
Liverpool. A slide was shown of the Tissington Copper Warehouse in 1756. By
1795 the mine was abandoned by Roe, who thought it unproductive. The two
men who were to prove him wrong were John Taylor, a mining entrepreneur
from Cornwall and John Barratt, manager of a lead mine in Grassington. In
1824 Taylor aquired the lease from Lady le Fleming. This was initially held
jointly but Taylor left, and Barratt held the lease until his death in 1866. Taylor
re-opened Bonsor Vein and the deep level was extended down to 1700ft. A
slide was shown of the old engine shaft waterwheel, built in 1830 and
modernised in 1850 and 1870 and used for pumping and haulage. Slides were
shown of the Triddle Incline which was used to support sets of rollers that
supported pumping rods and of a chart of the Bonsor Mine at the time.

By 1856 the mine was at its peak, reaching down to 1200ft and in that year
3,659tons of ore worth £27,861 were extracted. In 1850 the new engine shaft
waterwheel allowed workings to reach a depth of 1500ft, the watertable being
reached at 300ft. By 1870 there were 16 Waterwheels in total.

Further slides were shown of the Glory Hole, the Crater and the Funnel —
mine entances in the Levers Water area, the Paddy End Terraces, a plan of the
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in the absence of tin ore, Bronze Age mining was confined to copper and
slides of the Paddy End “"back strings” at Coniston were shown, including
possible mortar stones for ore grinding. Oxidised ore such as malachite, were
richer and easier to smelt.

There are a number of suggested Roman mining sites but none are proven.

Medieval iron workings were probably substantial. The Low Birker
bloomeries date from 1000AD and used charcoal smelting. The Coucher Book
of Furness Abbey refers to local mines at Martin, Elliscales and Orgrave. Place
name evidence for iron includes 80 names which include “red” from hematite
and several groves {mines), e.g. iron Groves on Waberthwaite Fell.

There is no record of gold mining but silver was extracted with lead,
especially in the Caldbeck Fells but also at Stoneycroft Gill (Stair), Force Crag,
Greenhead Gill (Grasmere), Hartsop Hall and the Greenside Mine which worked
from 1700 to 1962. Mining continued through the reigns of Edward 11 and
Elizabeth 1, influenced by Hechstetter and other German miners. Hand-bored
German workings in Silver Gill and Roughten Gill include Coffin Level, (the
shape of a walking man) New Stolne, Blind Wastel, Fortune Stolne and
Emmanuel Stolne. There are one mile of Elizabethan workings in this area.
“Hushing” (excavating by releasing dammed water or diverted streams) was
used to discover the lodes. Minerals found include pyromorphite, mimetite and
linarite (in Red Gill) and campylite (in Dry Gill). In Stoneycroft Gill, Coffin Level
is 10 feet high and at Greenhead Gill ore stamps were operated by water wheel.
Other mines from this period include St Thomas's Work in the Newlands Valley,
Copper Plate Mine at Grange and Goldscope Furdernus Adit.

By the late 17" century the Germans were mostly gone but handworking
continued. Thirty Fathom Level in Roughton Gill dates from the 1690s as does
the Launchy Gill trial at Thirlmere. In 1693 gunpowder was used at Coniston
and continued to be the main method up until the late 19" century when
compressed air drilling was introduced. This allowed the excavation of larger,
rectangular levels.

Early gunpowder levels include Powder House in the Duddon Valley and
Eagle Crag Mine in Grizedale. From 1810 onwards, wrought iron-covered
wooden rails were used. At Coniston the later, deeper workings are wider.
Slides of these workings showed the deposition of mineral deposits following
mine closure.

The Kinniside lead mine dates from 1700 — 1850 and is comparatively
small. The softer Skiddaw Group rocks have caused many of the old workings
to collapse. The minerals extracted were mainly galena and cerussite. The
Greenside Mine was one of the most prolific. 150,000 tons of lead were
extracted and 1.5 million ounces of silver. There was a 60foot wide vein at a
depth of 1800 feet. In 1890 electricity was first used in the mine, powered by the
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water lagoon. A visit to the Skatafell National Park led to a walk on the
Skatafellsjokull glacier and a visit to Svartifoss (black falls) formed of spectacular
curved columnar jointed basalit.

Day eight took the group inland, visiting the famous Eldja fissure, a 75km
long tear in the crust from which fire fountains up to tkm high were said to have
erupted in 934 — 9 AD. The rest of the day was spent in the area around
Landmannalaugur, within the Torfajokull central volcano. Here the group visited
the area where the guide, Hugh Tuffen, had performed his PhD research.
Spectacular flows (up to 60m thick) composed entirely of obsidian were
examined, and various members of the group took the opportunity to bathe in
the hot water that flowed out from underneath.

Day nine, the last excursion day, travelled along the southern coast. The
awe-inspiring 200ft drop of the Skogafoss waterfall was the highlight of the day.
Passing the volcano Hekla, which last erupted in 2000, the group arrived in
Reykjavik during the early afternoon. This allowed time for exploration of the
world’'s most northerly capital. Unfortunately (typically however) it rained, but
this did not deter visiting the impressive Hallgrimskirkja (cathedral) built out of
basalt columns in 1974.

Nigel finished by thanking all the members of the excursion, and gave
particular thanks to Hugh Tuffen whose enthusiasm and knowledge made the
trip a once in a lifetime experience. David Powell, on behalf of the members of
the excursion, presented Nigel with an engraved geological hammer as a thank
you for his hard work in organising the trip. Afterwards members of a packed
audience viewed various maps, photographs, books and specimens that were
also on display.

THE GEOLOGY OF THE CANARY ISLANDS

Presidential address by Dr Alan Smith
at the Friends’ Meeting House, Cockermouth
on 13th January 2004

Dr Smith began by noting that the three largest volcanoes in the world are
Mauna Loa and Mauna Kea in Hawaii and Mt Teide in Tenerife. The latter rises
some 7km from the deep ocean bed to over 3km above sea level. The basaltic
Canary Islands are generally interpreted as a mid-plate hot spot on the African
Plate. There are seven main islands: Lanzarote and Fuertoventura are one
massif, La Gomera, Gran Canaria and Tenerife are separate entities in the
middie of the chain while El Hierro and La Palma form another massif in the
west. The age of the islands is oldest in the east Fuertoventura 22Ma,
Lanzarote 15.5Ma, Gran Canaria 14.5Ma, La Gomera 11Ma, Tenerife 12Ma, La
Palma 2Ma and El Hiero 1Ma. This is consistent with an easterly drift of the
African Plate over a mantie hot spot.
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Four stages can be identified in the development of the islands.

1. A sea mount stage culminating in uplift above sea level and
the consequent erosion.
2. A shield building stage where radial rift zones affect eruption

patterns and lead to the development of the classical three ridge
“Mercedes Star” pattern seen on Tenerife and El Hierro.

3. A caldera development stage where collapse of the cone is
the main process.
4 Quiescence and intense erosion as the plate is moved away

from tﬁe hot spot.

Unlike Hawaii, evidence of the submarine sea mount stage can be seen on
land, e.g. in the central west coast of Fuertoventura. In these eroded uplands an
intrusive core of gabbro is overlain by sheeted dykes and then by pillow lavas.
The intrusions seem to have resulted in uplift. When the ocean surface was
reached the top was eroded to produce an unconformity and hydrothermal
explosions formed soft, clastic deposits. More recent basalts rest on the
unconformity with re-worked sediments on the flanks. Jurassic sediments

containing fossils occur between the dykes which must have formed close to the
ridge axis.

The second stage is characterised by masses of layer-cake, basalt flows.
In the later phases the lavas became more alkaline and felsic and the activity
more explosive with some pyroclastics, e.g. northern Lanzarote. Some red,
weathered horizons occur. White calcite-rich, caliche horizons indicate capilliary
rise of groundwater in arid conditions.

Tenerife is the classical example of the “Mercedes Star” form with Mt Teide
in the centre reaching 3715m asl. It shows a series of basalt flows and some
later felsic types. Caldera collapse followed shield building and half a caldera
can be seen with Mt Teide sitting in its northern part. Fragments of the sea
mount stage occur in the north-east, west and south and are visible on aerial
photos. Teide is 170,000 years old and built from trachyte and phonolite.

Gran Canaria is a complex island with a caldera. Intense erosion is one of
the most distinctive features, resulting in sharp ridges and radial valleys and
gulleys in an arid landscape. L.a Gomera is similar.

Lateral collapse of cones is a significant feature of the islands. A picture of
a small scale slope failure was used to illustrate this. However, there is
evidence of much larger collapses which have reduced the size of the islands.
There has been much recent media interest in possible future collapses which
could generate catastrophic tsunami reaching the eastern seaboard of North

America. One potential area of collapse is a 20 — 30km stretch along the west
coast of La Palma.
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Weather conditions have had a strong influence on building styles. Hawes
Farm at Ennerdale is made from sandstone coping stones and limestone rubble.
The house is weatherproofed against the high rainfall by rendering but the
adjoining barn is not. Tightly cut back eaves reduce potential wind damage. In

other buildings, parapet wall on roofs serve the same purpose. Crowstep gables
are common in slate areas.

In the late 13" century Edward 1 attempted to take over Scotland, starting
300 years of border disputes and the time of the reivers. Defensive buildings
such as piel towers are a response to this. These are common in the north,
Eden Valley and south. They are generally three storey buildings with the
groundfloor used for stock and storage, the first floor for sleeping and the second
floor and roof space for storage. In from the early 14" century to 1600, yeoman
farmers of the north built two storey bastle houses. The move to law and order
after James 1 resulted in a great wave of rebuilding from 1600 to the mid 1700s.
Moresby Hall dates from this period and shows a new house on an old piel
tower. Many date stones in the county show 1600s, 1700s and 1800s. The
laithe houses of the 18™ and 19" centuries show an outshot roof at the back.
Double pile houses of the same period have four square rooms on each floor,
with a variable arrangement of halls and passages. The terraced workers’
cottages have a double pile arrangement with paired front doors and the
chimney stacks on the party walls. The bank barn is common in the south of the
county. They combine barn, stable and threshing floor. Quaker meeting houses
date from the great rebuilding phase, e.g. Brig Flatts Sedbergh with its mullioned
windows, drip ledges and a sandstone flag roof.

The speaker was thanked by Mervyn Dodd for a talk which was well-
illustrated and drew attention to building styles which are commonly taken for
granted.

SKIDDAW SLATES - FOSSILS, FACTS AND FALLACIES

A lecture by Dr Adrian Rushton (Natural History Museum)
on March 17" 2004
at Newton Rigg Campus, Penrith

The speaker began by introducing the three main rock groups of the central
Lake District, the Borrowdale Volcanic Group, the Skiddaw Group and the
Windermere Supergroup. The essential facts of the Windermere Supergroup
stratigraphy have been known for 150 years but knowledge of the Skiddaw
Group has lagged behind by nearly 100 years. The reasons for this are that the
lithological formations of the Windermere Supergroup are more distinctive and
more easily recognised and that fossils are less abundant in the Skiddaw Group.
The new Keswick sheet was displayed, showing sandstone units within the
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Skiddaw Group; this was contrasted with Ward’s map of the 1870s which shows
no subdivisions.

Pictures of well-preserved early graptolites from Australia, extracted by
dissolving the encasing rock in hydrogen fluoride, were displayed to explain
graptolite morphology and mode of life. Graptolites were colonial plankton with
stabilising spurs. The original three dimensional forms may be obscured by
compression during lithification.

The earliest monograph was produced by Barrande in 1850 but graptolite
biostratigraphy was initially difficult to understand.

In 1863 Harkness produced a schematic cross-section of the Skiddaw
Group. He collected graptolites (now in Tullie House Museum, Carlisle) but the
stratigraphic use of graptolites had not been developed by then. These
specimens were examined by John Salter who recognised that they were not
like those of Barrande, but resembled specimens described at a similar time
from Quebec by Hall.

The stratigraphic significance of graptolites was recognised in the 1870s
through the work of Lapworth at Dob’s Linn and other locations in the Southern
Uplands. Lapworth, advised by Linnarsson, developed a system of graptolites
zones. The great thickness of the Skiddaw Group, plus the paucity of fossils,
make finding graptolites difficult. Nevertheless amateur collectors developed
significant collections. These include those of Postlethwaite (now in the Natural
History Museum), Dover (now in Cambridge) and Harrison (now in Keswick).
Marr worked on graptolite stratigraphy but mainly in the Silurian rocks. He
passed work on the Skiddaw graptolites to his student Gertrude Elles who
devoted twenty years to graptolite study in the Skiddaw Group, producing a
monograph in 1898. She developed a zonal system with 3 Arenig and 2 Llanvirn
zones. Later, however, she developed a much more elaborate scheme based
on the fashionable concept of orthogenetic trends. These included a reduction
in the number of stipes, the development of wider stipes and a change in stipe
attitude from horizontal to reclined.

Further development of Skiddaw Group stratigraphy was made in the 1920s
and 1930s when mapping of the Whitehaven and Cockermouth sheets impinged
on the area and led to the recognition of sandstone-rich units within the muds.
These were the Loweswater Flags on the Whitehaven sheet (Dixon) and the
Watch Hill Grits on the Cockermouth sheet. Most of the Skiddaw Slates were
undifferentiated and Elles’ elaborate zones could not be applied. In the 1960s,
Jackson mapped the Skiddaw Group and collected graptolites. He adopted a
more empirical method of zoning and the lower part of Elles’ zones were
abandoned. The Hope Beck Slates beneath the Loweswater Flags were
identified. Further work was published by Simpson in 1967; this identified eight
divisions of the Skiddaw Group thrown into a broad anticlineal system with the
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OTHER LECTURE HELD IN 2003-4
The following other lecture were held during 2003-4.

October 29" 2003 at Tullie House Museum, Carlisle
The Planets. Lecturer: Stuart Atkinson
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Geology of the Buckingham district (Sheet 219)

Geology of the Moreton-in-Marsh district (Sheet 217)

Geology of the country between Hereford & Ross-on-Wye (Sheet 215)
Geology of the Leadhills district (Sheet 15E Scotland)

Ringwood (Sheet 314) and Winchester (Sheet 299)

Since these sheets lie adjacent to each other in Hampshire and Dorset,
they can be usefully considered together. Structurally both fall within the
Wessex Basin that extended over much of southern England to the south of the
London Platform and the Mendip High during Permian and Mesozoic times.
Deep boreholes and seismic records have shown the Palaeozoic strata were
deformed during the Variscan Orogeny. A major unconformity marks the base of
the Permo-Triassic sequence while Mesozoic rocks are extensively developed,
with large areas of surface outcrop being of Cretaceous age. A pre-Cainozoic
unconformity resulted in the removal of parts of the higher Chalk sequences and

was followed by extensive deposition of Eocene strata, particularly in the
Ringwood district.

Buckingham (Sheet 219)

The Buckingham district is an important development area between London
and the Midlands conurbations and so has received considerable attention. Itis
divisible into four parts, each with a distinctive topography derived from the
geology. The western part, underlain by Mid Jurassic strata, has much of the
character of the Cotswolds. The south central part of the area is a ‘clay vale' of
low relief, with mudstones such as the Oxford Clay. The south-eastern area is
dominated by flat-topped hills capped by Portland, Purbeck and Lower
Cretaceous strata. Thick glacial deposits mask the solid rocks in the north-east
of the district aithough deep boreholes have proved Palaeozoic rocks beneath
the Mesozoic cover, forming part of the London Platform.

Moreton-in-Marsh district (Sheet 217)

This map covers the northernmost part of the Cotswold Hills, lying between
Broadway in the north and Cheltenham and Bourton-on-the-Water on the
southern margins. The district holds particular interest to geologists for it was
here that William Smith deduced the constancy of the order of strata and their
included fossils. Its deeply incised valleys and flat-topped hills will be familiar to

many geology students as marking their introduction to the interpretation of
geological maps.

Mudstones of the Lias Group (Early Jurassic) underlie all the lower ground
as well as the lower slopes of the Cotswold escarpments. The Inferior Oolite
Group of Mid Jurassic age forms a broad dissected plateau, bounded by
escarpments along the incised valleys, and overlain in part by limestones of the
Great Oolite Group. The use of local limestone for building purposes have given
the towns and villages of the district their typical Cotswold character and to this
day are in continuing demand.
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Several classic sequences and sites feature in the memoir, such as the
famous Cambrian rocks of StTudwal's Peninsula, with its sub-Ordovician
angular unconformity exposed on the cliffs at Trwyn Llech-y-doll.

E. Skipsey

Cainozoic geology and landscape evolution of north-east Scotland (Drift
sheets 66E, 67, 76E, 77, 86E, 87W, 87E, 95, 96W, 96E and 97 Scotland)
By J. W. Merritt, C. A. Auton, E. R. Connell, A. M. Hall and J. D. Peacock.
This is a major new Memoir, produced to a very high standard and breaking
new ground in that it focuses on the Cainozoic (Palaeogene, Neogene and
Quaternary). It covers a large area of north-east Scotland encompassing no
less than 11 ‘Drift’ 1:50,000 geological sheets. It synthesises a huge amount of
data on the area extending from Elgin on the southern coast of the Moray Firth
round to Inverbervie, south of Stonehaven on the North Sea coast.

The focus of the work is to trace the landscape evolution and in particular
provide detailed information on the Quaternary deposits and landforms that
dominate the surface geology of this important coastal region. It draws together
British Geological Survey work on the area over the last 30 years and
importantly incorporates information from university researchers and other
workers outside BGS.

This is an important and rich area for its Quaternary successions and its
record of cold stages in its periglacial deposits, its sediments, soils,
peneplanation surfaces and Quaternary landforms. Alongside this a very
significant offshore stratigraphical record has enabled a definitive account of the
recent geological history of this part of Scotland to be put together in this work.
This coastal zone has important agricultural interest, is an area of population
growth and industrial expansion stimulated by North Sea hydrocarbon
exploitation, making a regional overview of this kind of vital importance in
managing the range of environmental pressures it is already facing.

There is an enormous amount of information contained in this beautifully
produced work of more than 170 pages. Its value is in the way it has drawn
together such a range of information. The full colour photographs are of the
highest quality. Over 50 figures, again mostly in full colour present a wealth of
detail. Tables, appendices, full bibliographic references and a new departure an
enclosed CD Rom add to the storehouse of data contained in this volume.

R. A. Smith
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The Society also notes the passing of N. Baynes, A. W. Nickiin, E. D. Hyam
and K. Riley.

ANNUAL GENERAL MEETINGS

THE 42" ANNUAL GENERAL MEETING of the Society was held at the
Friends’ Meeting House, Cockermouth on Wednesday February 26" 2003, at
7.00pm. The President, Dr Alan Smith, took the chair and there were 19
members present. Written reports on Society activities during 2002 — 2003 were
presented and approved by those members present. The formal business of the
evening was completed at 7.28pm. Following the AGM, a members evening
took place with presentations on the Coniston Copper Mines by Nigel Courtman
and on the Solenhofen Limestone by Angela Marchant.

THE 43" ANNUAL GENERAL MEETING of the Society took place at the
Friends’ Meeting House, Cockermouth on Wednesday 25™ February 2004, at
7.00pm. The out-going President, Dr Alan Smith, took the chair and there were
30 members present. Written reports on Society activities were tabled and
approved by the members present. Mervyn Dodd formally thanked the
President, on behalf of the Society, for his inspiring leadership over the past
three years. The President, in turn, thanked members of Council for their work,
in particular those standing down from office; he then introduced the new
President, Angela Marchant. The formal business of the evening was completed
by 7.23pm. Following the AGM, David Grech gave an enlightening lecture
entitled “West Cumbrian Rocks and Vernacular Architecture”.

131






THE SOCIETY SMALL AWARDS FOR STUDENTS

The Cumberland Geological Society Small Awards for Students Fund was
established in 2002 primarily to assist students who have limited funds, to
undertake geological fieldwork. Preference will be given to students who have
Cumbrian connections. Applicants will be required to outline their research and
indicate how this funding will assist their project. Applications will be judged by a
sub-committee of the Society.

Successful applicants will be required to deliver a presentation of their work
to the Society.

The sum of money donated wili be at the discretion of the Society and will
be no more than £200.

Those who may be interested in applying for an award should, in the first
instance, contact the General Secretary:

Nigel Courtman

More details and an application form will be provided.
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