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ERRATUM.

Proceedings Cumberland Geological Society, Vol 6, part 4, 2000-2001.

Page 530, Article on the Bowder Stone. We regret there is an error in the conversion of
tonnes/tons in the 8™ line. The final sentence of this paragraph should read :

Laboratory measurement of samples of the andesite give a specific gravity of 2.65 and thus a
calculated total weight of 1273.8 tonnes (1253.7 tons) — i.e. just over 517 tons lighter than
Pocklington calculated.









EDITOR’S NOTES

I 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 lecture and excursion reports; the members of the Editorial
Board; those who have provided technical references for the original articles; my
predecessor Chris Thompson for his advice and guidance.

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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ORIGINAL ARTICLES

A THERMAL CONTRACTION CRACK IN BEDROCK AT BRAITHWAITE,
CUMBRIA

Della K. Farrow, Martin G. Burnley, Stephen P. Oxford and Adrian Palmer

Abstract

A fissure interpreted as a thermal contraction crack observed in Skiddaw
Group bedrock at Braithwaite has been used to make palaeoenvironmental
inferences for the period of Late Devensian ice wastage. It is suggested that
cracking was induced by the rapid reduction in air temperature resulting from the
wastage of the Late Devensian ice sheet where air temperatures in the ice
marginal region were in the order of -10°C. This is the first observation of a
thermal contraction crack formed in bedrock in England.

Introduction

Thermal contraction crack is the general term used to denote a fissure that
forms in the ground as a result of severe and repeated winter cooling (French,
1996). Depending upon the severity of this cooling such a fissure may extend
for a depth ranging from a few centimetres to several metres. The formation of
such cracks is facilitated by perennially frozen ground that is associated with
permafrost regions. In these areas the coefficient of expansion/ contraction of
ice is greater than that of either bedrock or frozen sediments such that once ice
has formed in the ground it hastens the development of contraction cracks.

In Britain the presence of thermal contraction structures, such as ice
wedge casts and ice wedge polygons have been used to indicate a permafrost
palaeoenvironment (Worsley, 1966; Rose et al., 1985; Ballantyne and Harris,
1994). The distribution of these structures shows two distinct groups (see Fig.
18.2 of Rose et al., 1985). The first group occurs predominantly in East Anglia
and southern England, and lies outside of the maximum extent of the Late
Devensian ice sheet. The second group is situated in the highlands of Wales
and eastern Scotland, but most are outside of the limit of the glaciers and ice
caps that developed during the Loch Lomond Stadial.

One area where thermal contraction cracks have not been noted is in the
Lake District. A fissure, formed in Skiddaw Group bedrock, has been recorded
at an altitude of 108m OD in the village of Braithwaite (NY 223254), which is
located 3km west of Keswick, Cumbria. Reasons for the interpretation of this
crack as a thermal contraction feature are given and inferences are made about
the periglacial environment of the north-westl ake District during the wastage of
the Late Devensian ice sheet.

Description

The crack is an elongate, two-dimensional, wedge-shaped feature, filled
with allochthonous material that has formed entirely within slightly weathered,
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Figure 1 - Location of the study site, Braithwaite, Cumbria. Scale and
orientation are shown by the National Grid Co-ordinates.
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slightly different palaeocenvironmental conditions compared with those that
formed the wedges in eastern Scotland and South Wales.

Typically, ice wedge casts in Britain are found in unconsolidated or fine
grained sediments such as sands and gravels, sand, clay or peat (Ballantyne
and Harris, 1994). In areas of active wedge formation, such as the western
Arctic coast of Canada (Mackay, 1993), development occurs where the mean
annual air temperature (MAAT) is in the order of <-6°C (Péwé, 1966; Murton et
al., 2000). Cracking in perennially frozen bedrock requires either a lower MAAT
(Lachenbruch, 1962), or a rapid reduction in air temperature (Mackay, 1993).
Either of these conditions will enable the tensile strength of the icy rock to be
overcome thereby causing cracking.

Ballantyne and Harris (1994) estimate that at sea level the MAAT during
the latter stages (c. 14.5 -13ka BP) of the Dimlington Stadial in central England
was in the order of -10°C. With these temperatures continuous permafrost
would have been present in the Derwent Valley, and elsewhere in the Lake
District. However during the Loch Lomond Stadial the MAAT at sea level in the
Lake District is estimated to be in the order of 1°C (Sissons, 1979; 1980) with the
nearest corrie glaciers having developed at Grasmoor, approximately S5km
southwest of Braithwaite. From studies into the rate of contemporary ice wedge
cracking on Garry Island, Northwest Canada, Mackay (1993) has observed that
a continuous temperature reduction of 1.8°C per day over a four day period was
sufficient to crack frozen lake sediments. While it is not possible to calculate
changes in temperature from a fossil feature, is suggested that similar conditions
would have been necessary to form the contraction crack at Braithwaite.

Palaeoclimatic inferences

Following the deglacierization of the Late Devensian ice sheet from the
Derwent valley during the latter stages of the Dimlington Stadial (c. 14.5 -13ka
BP) the slate, which had been insulated by the warm-based ice-sheet (Boulton
et al., 1991), would have been exposed to intense atmospheric cooling. If the
estimated sea level MAAT in Central England during this deglaciation period was
-10°C (Ballantyne and Harris, 1994) then it would be plausible to suggest that at
Braithwaite the MAAT was =-10°C. The subsequent rapid reduction in
temperature experienced by the slate during the process of deglacierization
would have caused thermal contraction and hence cracking.

As the width of the crack ranges from 10cm to 2cm it is suggested that it
represents a single contraction event, rather than a series of similar events. If
the feature had developed due to successive cooling events, possibly associated
with the accretion of ice crystals within it, then it wouid be expected that the top
of the crack would be larger as cooling permeated downwards. Also adjacent
rock strata would become deformed and upturned as cooling progressed. In this
instance the contraction crack cuts abruptly across the cleavage planes of the

slate implying that freeze thaw processes were not responsible for the formation
of this feature.
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Figure 4 - Particle size analysis of the thermal contraction crack infill sediment.
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Soil analyses and studies of old maps have shown that this rejuvenation was a
direct result of interference with the river flow by mining activity here, and farther
upstream, in the latter half of the 18" century (Aspinall, et al. 1986). Clearly the
balance between stability and channel switching is a delicate one. Although the
lower terrace is stabilised by vegetation, bare patches show it to be composed of
similar material to the present riverbed. Some 100m downstream from the
bridge, the river has cut into what is, probably, a remnant of the main fan along
its west bank. The downstream end of this erosion scar shows a good section
through the fan deposits below about 0.3m of soil. At the base, about 1m of the
underlying glacial boulder clay is exposed. It comprises rather angular pebbles
and cobbles scattered irregularly in a grey clay matrix. Above this, some 1.5m of
rounded pebbles, cobbles and small boulders are set in a brown, gravely and
silty matrix. The lowest 0.3m of this deposit lacks matrix. This indicates that it
was deposited under relatively stable river conditions, when continuous water
flow could carry away the finer material (it is very similar to the present riverbed
deposits). The overlying, poorly sorted material with matrix present, is a flash
flood deposit. Imbrication of many of the flatter cobbles indicates a strong
current flowing down the valley. This current must have ceased quite abruptly
and completely to dump its entire bedload, including the finer grained material.
This is typical of a braided fan deposit where, at the end of a flood event, the
river switches to a completely new channel.

Low, elongate mounds of clean cobbles in the present riverbed are one of
the results of several, quite severe, flash floods in the last few years, which
reactivated a number of previously stable braided streams in the Alston area. As
the mining of last century demonstrated, these features are in a delicate
balance.

It is too soon to tell if the present reactivation can be blamed on global
warming, but if this is so, then many similar upland areas in Britain can expect
increasing problems with erosion control.

Reference

ASPINALL, R. J., MACKLIN, M.G. AND BREWIS, T. 1986. Metal mining and
floodplain sedimentation at Garrigill, and their influence on terrace and
floodplain soil development. /n Macklin, M.J. and Rose, J. (eds). Quaternary
landforms _and sediments in the northern Pennines: field guide, 35-45.
British Geomorphological Research Group and Quaternary Research
Association.

Dr Barry Webb
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examples take care with texture, even making impressions from real stone.
Artificial stone has obvious advantages if a number of identical sections are
required, but may not always be cheaper than natural stone if only one or two
pieces of a particular shape are needed.

Here the facing bricks are known as Furness Whitehaven Blend and the
cast stone with needle gun/ashlar finish came from the Birmingham area. The
colour was decided in conjunction with the planning office.

Harbour
The original harbour was constructed from Whitehaven Sandstone.
However, the source of the large area of new flags has not been determined.

A final note

Limited availability and high cost mean that natural stone is less likely to be
used on new buildings in this country. Only the larger chains and richer
institutions can still afford to face in a corporate image stone, but even artificial
materials have geological origins.

The locations described in this article were visited by the Society during a
field excursion on July 11" 2001. However, for town centre geologists, building
stone trails can become frustrating as buildings change hands and new owners
make changes. Two of the best examples of “Blue Pearl” larvikite have
disappeared since this route was originally researched. On the other hand,
special projects can sometimes bring unexpected “exposures” of local and exotic
stones. The Millennium Labyrinth in Holy Trinity Gardens would repay a visit for
its decorative stones, including examples of gneiss, as well as its calming
properties.

Margaret Fox
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Figure 1 - Rocks of the Eden Valley and surrounding area (adapted from
Figure 16.1, Lakeland Rocks and Landscape. Ellerbank Press, with
permission of |. Rankin).
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how meltwater moved at successively lower levels above the Tyne valley floor
and to the Wear valley.

Ice in and east of the Tyne Gap (Figure 5) moved in 'drumlin mode' at some
stage and, as at Stainmore, the feeding ice to the west moved similarly. It is
also evident that, at least for the lowest part of the Tyne Gap, drumlin mode was
succeeded by ice stagnation but continued input of water beneath and beyond
the ice cover. The Tyne axis carries almost continuous sand-gravel deposits
(Lunn 1995). It is important to clarify whether any of these, as west of Hexham,
were ice-moulded in later ice movement. In places, as near Whitley Chapel,
kame deposits occupy what may be thought of as sediment sumps or traps
(Clark 1970). West of Newcastle at Greenside (150m OD) where ridge-crest
kame deposits show meltwater moved well above the floor of the Tyne valley
somehow constrained from access to valley floor.

For almost 20km of its width the Tyne Gap is lower than Stainmore and it
faces the main Solway input axis: impressive as is the evidence of the effects of
ice moving across Stainmore, the eastward input of ice and water by the Tyne
Gap was of greater magnitude. The access of Solway ice to the North Tyne
valley, though some 20km wide, was restricted by high ground with a low pass
only at Deadwater. Even so western ice was influential. Ice generated on high
ground north of the R. North Tyne moved parallel with the valley and along the
R. Tarset valley where there are ice-moulded features and drumlins in the lower
part near Greenhaugh alongside those in the North Tyne valley. On the high
ground east of the lower Tarset valley and east of lower Redesdale and North
Tynedale, depositional and erosional landforms tell of eastward ice movement in
continuation of the direction on the high ground of the Wark Forest area where
the grain of combined erosion and drift moulding is impressive. Similar features
near the valley floor may tell of a subsequent later, more confined ice movement
south-east to the main Tyne valley near Hexham.

The end of eastward ice flow

1. The context

There is some evidence that before eastward movement of ice, ISC-NSC,
ceased there was a reduction in volume of ice transferred. In the Tyne valley
near Hexham there is the turn of ice-flow lines in the North Tyne valley to the
South Tyne valley at levels below the interfluves that carry the west-east
alignment. That shows ice no longer moved broadly east from Rede - North
Tyne valleys to Wansbeck and Blyth valleys north of Newcastle. Similarly,
alignments in the Tees valley above Barnard Castle imply a more restricted
discharge than when ice extended to the crest with Weardale and sent meltwater
to the Hamsterley Forest-Bedburn area. In the vicinity of the sills between ISC
and NSC, differences in alignment of ice flow indicators may imply similar
change. On the north flank of Stainmore high in the Warcop Fell-Helbeck Fell
area alignments run almost west-east. To the west at the foot of the Pennine
scarp they run north-west to south-east towards Brough and the centre of the
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Figure 3 - The Tyne Gap-Brampton Moraine area. Key: 1 ice movements; 2 Brampton Moraine; 3 meltwater routes (locally
schematic); 4 Gilsland- Haltwhistle valley; 5 Kame tract; 6 problematic ice direction noted in text; B Brampton; BH Butt Hill
channel; C Carlisle; D Deadwater; E Easton; G Gilsland; H Haltwhistle; K Kirkcambeck; KHC King Harry's Common; N

Newbiggin; R Renwick.





















The Cumbrian side of the Solway Firth

The term 'broad flow' is here used for the whole anticlockwise flow of ice
across north Cumbria. On its west side, Howgill ice was accompanied by ice
from the Birkbeck Fells, Shap Fells, Haweswater, Ullswater and Thirlmere areas
in turn. The resultant mass pivoted round the Skiddaw upland, some to cross
obliquely the coastline south of Silloth to pick up Derwent and Cocker valley ice
before passing Murton Fell and the foot of Ennerdale. The ice paths crossed
those implied by drift and landforms associated with the main glaciation. The
newer ice paths are indicated by erosional grain on bedrock, mainly in upland
areas on the inner flank of the flow but also on lower ground, by drumiins and
other drift alignments. Erosion of rockhead occurs to over 500m OD on the
northern edge of the Lake District. Parallel ice paths imply a fairly uniform ice
surface altitude across the ice flow. Thus considerable ice thicknesses over the
Solway lowland are indicated. It is curious that, while in drumlin mode flow, its
outermost path in the Carlisle area remained concentric, with no obvious spread
north to the Solway Firth. The constraint restricting ice to its arcuate path was,
presumably, applied from the north.

For present purpose we need to indicate only the major characteristics of
the terrain crossed by the broad flow. West of the Appleby Line, in the Crosby
Ravensworth area there is a northward transition from the high country of bare
limestone scars to partial drumlinising of drift on dip slopes to more fully
developed drumlins on lower ground round King's Meaburn. Erosional grain on
the limestone follows the limestone round from north of the upper Lune valley to
west of Cockermouth. The turns in ice paths correspond to the changes in
strike. In some cases rockhead erosion by ice seems to have shaped whole hills
as Hay (1944) noted. The hills in Mell Fell Conglomerate, from Pooley Bridge to
Great Mell Fell, Setmurthy Common near Cockermouth and the Dean Moor
upland inland from Whitehaven are cases in point. This is a grain peculiar to the
turn of broad flow ice. Penrith Sandstone hills north from Whinfell (south-east of
Penrith) northwards have been shaped in both plan and profile.

In the lowland drumlin country there are contrasts such as between the
smooth terrain with almost imperceptible grain south of Carlisle and the highly
attenuated drumlins as round Wiggonby south-west of Carlisle and from Wigton
to Maryport. These latter may be a response in drift to relatively rapid basal ice
movement, perhaps over wet weak sediment.

Curiously, and perhaps because of their considerable Scottish content,
Dixon et al (1926) considered that drumlins south of Silloth were made by
Scottish ice, which, judging by drumlin alignment, moved from the south-west
rather than that they were part of the north Cumbria broad flow suite. That led to

postulation of a rather unlikely direction of ice movement from Scotland into
Cumbria.
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Figure 5 - The area north of the Solway Firth. Key: 1 ice movements; 2 uncertainty.




England, and it was also probably the source for ice that moved onto the
Cumbrian side of the Solway as the Scottish Readvance.

From the Rhinns of Galloway east for 120km indicators of ice direction tell
of a general southward movement. Over the greater part of the area west of
Wigton Bay much ice came by way of the Firth of Clyde and some from the hills
(Merrick 843m OD, MK on Figure 5) north of Newton Stewart. East from
Wigtown Bay (W) most of that ice was probably generated within Dumfries and
Galloway. From near Creetown (C) to near Ennerdale Water, the likely width of
a combined ice stream from north and south of the Solway Firth, was about
70km. That assumes the two inputs were contemporary. Both are discordant to
movements necessary to carry locally derived granites to NSC. Landforms in
the hilly granite landscapes of Dalbeattie Forest (DF) require a local ice surface
not less than 350m, possibly over 400m, OD. That is not high compared with
the northern parts of the district but is for a coastal area close to the Solway
Firth.

A zone of balance, not necessarily static, between Scottish and Cumbrian
ice would develop when the two ice masses met. Possibly before a balance was
attained ice would have entered the low ground between Carlisle and Brampton.
Southeast of Carlisle towards Cotehill and west towards Kirkbampton, many drift
mounds are broader and shorter than drumlins on the arcuate path just to the
south and are differently and less consistently aligned. The significance of this
distribution is unknown and it could be valuable to investigate whether there was
here interference (ice-push ridges?) from conjunction of northern and southern
ice.

1. Carsphairn to Kirkcudbright

East from Merrick, for over 100km to Liddlesdale, the hills generated their
own ice and largely excluded ice from the north. South of a line from the head of
Wigtown Bay to New Galloway (NG) ice movement was to the S, towards the
Cree and Fleet valleys (1 on Figure 5), gradually turning west of south.
Concentration of meltwater from a wide northern area into the lower Fleet valley
led to major sand-gravel accumulation there.

Granite erratics have been distributed in all directions from outcrops at
Cairnsmore of Carsphairn (CC) east of the head of the Carsphairn valley
(Sissons 1967) but the sequence of ice movement and of redistribution of drift is
not clear. In the head of the valley (2) there are signs of meltwater input from
the Doon catchment to the northwest. That would indicate a south-east
downslope of ice surface into the Carsphairn valley from a higher ice surface
over south Ayrshire. The Carsphairn valley (3} is notable for its cross valley drift
ridges (Rogen moraine) being one, if not the first, of recorded sites in Great
Britain (Cornish 1979). The ridges, transverse to ice flow, are moulded and
fluted in direction of ice flow but not to the degree that the ridges are wholly
divided into drumlins. Rogen moraine (named from a locality in Sweden)
remains enigmatic. It has generally been explained, as have drumlins, by
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Holy Well — junction of Red Hill and Martin Formations

Formerly the site of an old spring, the outcrop is heavily dolomitised, making
it hard to distinguish the junction of the Red Hill and the underlying Martin
Formation. Normally, they are easy to recognise, but here there was too much
dolomite recrystallisation. It appears to be non-conformable, with both calcrete
and recrystallisation affecting the top beds of the Martin. This cliff outcrop is
again thought to be ancient sea cliffs, perhaps developed only 6000BP. The
adjacent marsh is underiain by interglacial marine sediments which obscure the
junction of the Martin Limestone and the Bannisdale Slates. it was previously
covered by 5-6m of peat, since stripped off.

Halecat Quarry - large Martin Limestone exposure

The Martin Limestone is well bedded and has clearly been extensively
quarried for building stone, with its regular bedding making it quite suitable. It
was usually a fine grained dolomitic limestone. From his field work and
experience of teaching BGS mappers, Dr Burgess emphasised two points. (1) If
there is no obvious evidence of a fault, don’t assume one; and (2) it is preferable
to map a boundary, even if it subsequently had to be changed. With limited time
it was vital to retain the prime object: fo make a map. In any event, the eventual
map scale often prevented I
over the top of the quarry but its junction with the underlying formation is not
exposed. The shape of the land determines the boundary by a change in
topography. The Martin gives a ‘stepped’ topography whereas the Red Hill
produced ‘chunky’ dips and scarps. It thickens northwards and attains an overall
thickness of 50-60m. In establishing a boundary between these formations
confusion can arise, as some beds of the Martin are oolitic-like, giving a
superficial resemblance to the overlying Red Hill.

Tennis Court below Old Vicarage Hotel — exposure in lower Dalton Beds

Nearby, the junction of the Red Hill with the overlying Dalton Beds was
crossed. While not exposed, it has a clear characteristic feature, easily traced
along strike: a small valley formed in the Red Hill, with a scarp slope and gentle
dip slope marking the Dalton Beds.

Wooded siopes near St Paul’s church — lower Dalton Beds

The lower part of the Dalton Beds is typically exposed as small crags, with
small slacks or depressions. Beds are nodular, with shale partings. Higher up
the slope the higher beds in the Dalton are more massive, with fewer shale
partings, and above these are continuous outcrops of massive beds forming a
cliff (3-5m high) representing the upper part of the Dalton. Their exposure
reflects not so much their strength, but more the relative weakness and

susceptibility to weathering of the underlying beds. The lowermost Dalton Beds
are probably cut by several small faults.

Old quarry near base of wood {NE of Key Moss) — Red Hill
Dr Burgess considered the land surface was the dip slope of the top beds of
the Red Hill and formed a paleeokarst surface before the lower Dalton Beds were
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the weight of the lava dome producing a landslide of yellow, hydrothermally-
altered, old volcanics. The dome was then left unsupported and collapsed itself.

The information gathered in Montserrat is relevant to hazard management
in other explosive volcanoes. Mount St Helens, Pinatubo and Montserrat are
among the most intensively monitored volcanoes in the world, although
Montserrat has been monitored over a longer period. As a result of the
information gathered, neighbouring Dominica should be better prepared for
volcanic events in the future. In the case of Naples, it would be impossible to
evacuate a population of 1 million people from a threatened area and the
information from Montserrat will help in the development of safe forms of
housing.

There is now a permanent observatory on Montserrat. The population is
much reduced and the economy is dependent on tourism.

On behalf of the large audience, Dr Jeremy Dearlove of Westlakes
Scientific Consulting Ltd. proposed a vote of thanks to Dr Loughlin.

A TALE OF TWO VOLCANOES: MOUNT ST HELENS AND KILAUAE

A lecture by Dr Alan Smith
on Wednesday February 21%' 2001
at the Kirkgate Centre, Cockermouth.

The lecture described and illustrated two of the world’s largest and most

famous volcanoes — brought together simply to draw attention to the contrasts
between them.

The significance of “The Pacific Ring of Fire’ formed an introduction to the
talk — the circum Pacific Belt containing 75% of the world’s approximately 520
active volcanoes. Its relationships to the major plate boundaries was shown.
Kilauae, part of Mauna Loa on Hawaii, in the middle of a plate is in a completely
different geological location.

Mount St Helens

Part of the chain of the Cascades in the extreme north-east of the USA,
the activity at Mount St Helens is related to the activity of the Juan de Fuca and
Gorda Plates moving eastwards from a spreading ridge and subducting beneath
the westward moving North American Plate. A situation basically similar to the
one that created the Borrowdale Volcanic Group rocks in the Lake District. There
has been extensive plate margin activity in the Cascades since early Tertiary
times. The Miocene flood basalts of the Columbia Plateau were illustrated and

the building of the chain of composite volcanoes through the Quaternary
explained.

606



On 18™ May 1980 Mt St Helens erupted in a dramatic way — recording by
far the largest eruption of any of the Cascade peaks in historic time. It caught the
attention of the world. It is one of the best understood and best documented
volcanic eruptions ever. The main parameters of the event were explained.
Certain aspects were illustrated with slides of the area taken in 1999. The inner
blast zones where complete devastation occurred were seen. Channelled blast
zones, ‘tree-down zones’ and seared zones were also illustrated. Aspects of the
ash fall were illustrated. The extent and nature of the debris flows generated
were perhaps the most widespread features of the landscape to be seen today.
The example of Cold Water Lake — completely created overnight by the debris
flows damming Coldwater Creek were explained. The present lake (bigger than
Crummock Water) was striking. The problems of coping with the mudflow and
the debris from the event were seen and the very extensive Sediment Retention
Schemes of the Tootle River were explained.

The scale of the eruption however had to be put into context, It generated
about 0.3 cubic miles of material — less than several earlier Mt. St Helens
eruptions. It was tiny by comparison with the Whorneyside Tuff event in the
Borrowdale Volcanics where estimates of 4.16 cubic miles of material have been
made. Finally it was even tinier than the Mt Mazama (Crater Lake} event in
Oregon to the south, when of the order of 10 cubic miles was produced.

Kilauea, Hawaii

This is part of the world’s largest shield volcano — a vast pile of lava nearly
9 kms high built up from the floor of the Pacific Ocean. The summit is 4169m
above sea level (13,360 ft). The base of the pile is over 100 kms across. It lies
over a stationary ‘hot spot’ in the lower mantle. The Pacific Plate is moving
north-west over this plume — hence vulcanism on the surface has migrated 6000
kms during the last 60 million years. There are a series of sea mounts stretching
in a line on the floor of the ocean. In the north-west the first of these to reach
above sea level is the island of Midway, then the island of Leysan and then the
group of the Hawaiian islands. They range from Palaeocene in age in the north-
west to the present in the extreme sout-east tip of Hawaii where Kilauea is sited.
The distinct bend in the line of islands and sea mounts is thought to point to a
directional change in the movement of the plate in the mid-Tertiary. Gradually
the ‘hot spot’ will move off the present south-east tip of Hawaii where a new
mount named Loihi is already building. A series of slides illustrated the
topography of several of the main Hawaiian islands - Oahu, Molokai, Lanai and
Big Island (Hawaii) itself — demonstrating the younging of the volcanic forms in a
south-east direction.

About 99% of Mauna Loa is basaltic in composition, with very few
pyroclastics. It is a polygenetic volcano with a very complex plumbing system.
Eruption, while not continuous at any one location, tends to be occurring
somewhere in the pile. The lavas are highly mobile and of low viscosity.
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ANNUAL GENERAL MEETINGS

THE 38™ ANNUAL GENERAL MEETING of the Society was held at
Cockermouth Schoo! on Wednesday February 24" 1999. The President,
Mervyn Dodd, took the chair and there were 25 members present. Good
attendances were reported at both lectures and field meetings, the latter despite
some very wet weather. Written reports on Society activities during 1998-99
were presented to members and approved. All formal business was completed
by 7.23pm.

Following the meeting there was a lecture, delivered by Mr Chris
Thompson, entitled “On geophysical logging techniques. A geological
perspective with examples from west Cumbria”.

THE 39™ ANNUAL GENERAL MEETING of the Society was held at the
Kirkgate Centre, Cockermouth on Wednesday February 23™ 2000. The
President, Dennis Dickins, took the chair and there were 23 members present.
Written reports on Society activities during 1999-2000 were tabled and approved
by members present. All formal business was completed by 7.19pm.

Following the meeting there were a series of geological presentations by
members of the Society.

THE 40™ ANNUAL GENERAL MEETING of the Society was held at the
Kirkgate Centre, Cockermouth on Wednesday February 21 2001. The
President, Dennis Dickins, took the chair and there were 30 members present.
Written reports on Society activities during 2000-2001 were tabled and approved
by members present. All formal business was completed by 7.25pm.

Following the meeting the incoming President, Dr R. A. Smith, spoke on “A
tale of two volcanoes, Mount St Helens and Kilauea”.

THE 3157 ANNUAL GENERAL MEETING of the Society was held at the
Kirkgate Centre, Cockermouth on Wednesday February 27" 2002. The
President, Alan Smith, took the chair and there were 23 members present.
Written reports on Society activities during 2001-2002 were tabled and approved
by members present. The Society’s new publication The Rock Men — pioneers
of Lakeland geology is selling well. All formal business was completed by
7.25pm.

Following the meeting there were a series of geological presentations by
members of the Society.
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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 will 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:

Dennis Dickins

More details and an application form will be provided.
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