






























































by RAF Flying Complaints to track down the offending aircraft.

Falling between the categories of man-made and natural events are the
earthquakes induced by man’s activities. In the coalfields of Britain small
tremors are triggered above, or below, the workings as the coal extraction
increases the stresses in surrounding rock-strata. The shallow nature of these
tremors gives a characteristic high intensity over a very small area - typically
one or two houses or a few streets.

In a current experiment in Cornwall two wells have been drilled 2.5 km deep
into the granite to examine the feasibility of extracting geothermal energy.
Using oil production techniques, water at a pressure in excess of 2000 psi was
injected into the wells to crack the rock and form an interconnecting pathway,
exposing a large heat transfer surface. Over a period of a few months 11,000
small earthquakes were generated, again a seismic monitoring network was
able to distinguish these from quarrying, weapons disposal, sonic booms and
natural earthquakes in the area.

Further research

Years of instrumental seismic monitoring in Britain and research into the
historical archive have amassed a databank of earthquake parameters for
further research. Perhaps the most obvious line of research is to look for a
correlation of epicentres with tectonic features. The interesting outcome is
that, so far, there does not appear to be any, although the uncertainties of fault
locations at depth blur the issue. Exceptions arise for the North Sea where
activity correlates with the fault-bounded graben structures.

Recent theories on rock properties propose that the composition and
temperature of the crust in intra-plate regions cannot support brittle fracture
below 12 to 15 km; rather, the theories state, the rocks must flow plastically
under the stress. The events on the Lleyn Peninsula in 1984 at depths of over
20 km cast some doubt over the assumptions unless the area is one of very low
thermal gradient or unusual composition.

Earthquakes which are recorded on a number of well-distributed stations
can yield not only the direction of slip on the causative fault, but also an
approximate direction for the maximum ambient stress. Stress directions have
been obtained for earthquakes from Kintail, Carlisle, Lleyn and Cornwall. The
results agree with independent measurements in Cornwall: Britain is under
compression, roughly NW-SE, possibly caused by the mid-Atlantic spreading
centre to the NW and the Alpine orogeny to the SE.

Seismic waves radiated from earthquakes may be used like echo-sounders
to probe the depths of the Earth. Shear-waves (those oscillating perpendicular
to the direction of propagation) are now recognised to contain a wealth of
information about the medium through which they have travelled. In
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particular. they can become aligned, or polarised, by cracks in the rock which
themselves are aligned by the ambient stress field. It is now thought that these
cracks are ubiquitous and fluid-filled and knowledge of their size, density and
alignment is of great interest to the oil engineer. hydrologist or geothermal
prospector. Furthermore, the stress pattern immediately before an earthquake
is thought to change quite rapidly; the detection of this by examining shear-
wave polarisation may be useful in earthquake prediction.

Assessment of seismic hazard continues and becomes more refined as the
earthquake file increases year by year. Eventually it may be possible to define
seismic zones of different degrees of hazard; a pattern for this is already
becoming apparent in the North Sea after only six years of instrumental
monitoring. The difference between a maximum likelihood magnitude of 5.5
and 6.0 can make millions of pounds difference to the construction of an
offshore platform.

Finally, to place British seismicity in perspective: it is an area of low to
moderate seismicity with a maximum likely magnitude somewhere just over
6. This should not present significant problems for buildings and equipment
correctly designed for the relevant ground motions involved. However, parts
of Agadir in Morocco, an area of low seismicity, were virtually destroyed by
amagnitude 6 in 1960. The earthquake was very shallow and the buildings were
not designed for the loadings imposed, consequently 12.000 people lost their
lives.
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The Foss Baryte Mine, Aberfeldy

Rosalind Garton
12 Main Street, Strathkinness, Fife

A high spot in the 1986 season of excursions was the visit on July 5th to the
Foss Baryte Deposit near Aberfeldy. About 40 people and a bicycle made their
way to the hills south of Loch Tummel - beautiful walking country but unlikely
looking mining terrain. Mining is not new to this area, however. Nearby is the
Tomphubil limestone quarry and its recently restored kiln, built about 1865 to
provide lime for local bog and moor reclamation, and there is also evidence
of 17th and 18th century lead mining in the area.

Crammed into Land Rovers borrowed from a variety of sources we bumped
our way up the side of Meall Tairneachan to about 2000 feet, along a road
specially built by the mine owners, Dresser Minerals. Our guides for the day
were Alan Burns, the site geologist, and Graham Smith and Mike Gallagher
from BGS. The first of the day’s wonderful views was admired before we set
off on foot. This one was of some historical interest, as it included Schiehallion
(location of early attempts at determining the Earth’s mass), and the line of
the Loch Tay Fault in Glen Tilt, where the geology inspired James Hutton in
the late 18th century.

The remoteness of the site helps explain why this huge deposit of barium-rich
rocks went undiscovered for so long. It was found by the Geological Survey
in the late 1970's, following a survey of the chemistry of stream sediments
draining the area to trace known copper mineralisation. Little copper was
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Figure 1. The geology and location of the Foss Baryle Deposit
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found, but anomalously high values of barium, zinc and lead were. Further
surveys led to the identification of the Ben Eagach Schist (a formation in the
Middle Dalradian or Argyll Group) as the host of baryte (barium sulphate)
with sphalerite and galena (zinc and lead sulphides respectively). The deposit
lies at the top of the formation. near its contact with the overlying Ben Lawers
Schist (Figure 1).

Most of the Ben Eagach Schist is made up of dark grey schists displaying
original bedding, the rest comprising mica schists, quartzites. thin limestones
and metamorphosed igneous rocks, and the mineralised zone. This zone is 300
feet thick and contains some unusual barium-rich rocks, including a bedded
baryte rock, a quartz-celsian (barium feldspar) rock, barian muscovite schist
and fragmented rocks. A carbonate rock is also found in the zone. and
although a minor constituent. contains high concentrations of zinc and lead.
The deposit is stratabound, that is it sits within strata as an ore body.

The baryte rock itself comprises about 90% baryte with quartz and
carbonate. It occurs as bands and lenses that vary in thickness from less than
an inch to about 60 feet. The structure of the rocks was extremely complicated.
Caledonian deformation having produced folds on plunging folds and thinning
and pinching of the baryte. It wasn’t long before I was stratigraphically
completely disorientated, and was relieved to be assured by Alan Burns that
many eminent geologists had been similarly confused on visiting the locality!

The unpredictability of the baryte rock causes problems when extracting it.
as an adjacent bed is very soft. When the succession is overturned slumping
and underground washouts can result. Geological structure aside. the
problems associated with mining at such a remote and elevated site seemed
formidable. Extraction, using both mining and opencast techniques, takes
place only in the summer, and the rock is stockpiled at the mine gates. During
the winter the baryte is taken by 20 ton lorries to Aberdeen, the lorries crossing
the tiny Wallace bridge at Aberfeldy which had seemed barely wide enough
for our bus! Twenty tons may sound a lot, but when the cargo has a specific
gravity of about 4.2 the volume isn’t large!

The baryte is used for making up drilling “muds” for the oil industry. Muds
are needed to lubricate and cool drill bits, and they must be made up to
different densities depending on the depth and pressure found in each drill
hole. Baryte is a soft mineral (hardness 3). so does not abrade a drill bit, and
its high specific gravity means it can be used to blend muds of different
densities. We were told that there is enough baryte rock in the Aberfeldy
deposit to last until North Sea oil runs out! The expected life of the Foss deposit
which we visited is about 10 years, and there is an estimated 15 million tons
more in the nearby Ben Eagach Prospect. In 1984 and 1985 50,000 tons of
baryte rock were extracted. and at the time of our visit about 3,500 tons were
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being removed each month. In spite of the scale of the mining, the impact on
the local environment seemed very small.

Another interesting aspect of the visit was the hunt for unusual minerals. A
barian chert contained about 50% celsian, making it one of the largest
concentrations of celsian in the world. Other minerals were hyalophane
(another barium aluminium silicate), cymrite - a very rare hydrated BaAl
silicate which has retained the water in its structure despite metamorphism and
folding, and the chrome mica, fuchsite. Some of the baryte samples were
encrusted with pyrite and were very beautiful. However, pyrite can cause
problems because of it hardness (about 6) if it is too abundant.

The origin of this enriched zone of rocks is still being debated. The scarcity

of clastic material suggests that the baryte and carbonate rocks are the result
of rapid chemical precipitation. The deposit is believed to be of
synsedimentary origin from a metal-rich brine introduced into a black shale
environment near the sea floor. The environment prevalent at the time the Ben
Eagach Schist was deposited was one of basins interrupted by higher areas.
Black, organic-rich muds (the precursors of the graphitic schists) accumulated
in the basins while calcareous sediments were deposited on the highs.
The enrichment in barium, zinc, lead and other metals may be of hydrothermal
origin, and it has been suggested that it is the result of “black smoker™ activity
- the eruption of hot, mineral laden waters near spreading ocean ridges into
cold, deep sea water. In this case it may have occurred at the time of the
opening of the Iapetus Ocean. There is no direct evidence of hot spring activity
in the area, but metamorphosed igneous rocks do occur in the Ben Eagach
Schist and in the overlying Ben Lawers Schist.

Many of us returned laden with heavy and interesting mineral samples with
which to adorn our mantlepieces. The scenery and rocks were most
spectacular, and combined to make a very enjoyable excursion. Thanks are
extended to all those who organised the visit and who explained the geology.
Special thanks go to Dresser Minerals for permission to visit the site.

Bibliography

J.S. Coates et al, 1980, Strata-bound barium-zinc mineralization in Dalradian
schist near Aberfeldy, Scotland. Trans. Inst. Mining and Metallurgy, 89,
B110-122.

N.R. Moles, 1985. Metamorphic conditions and uplift history in central
Perthshire: evidence from mineral equilibria in the Foss celsian-barite-
sulphide deposit, Aberfeldy. J. Geol. Soc., 142, 39-52.

My thanks to Wendy Garton and Richard Batchelor for drawing the map of
the locality.

~
-



Argyll Adventure or Dalavich Dabble?

Margaret Rusbridge
43 Springfield Gardens, Bickley, Kent

The tenth E.G.S. long excursion was held in Argyll: an attempt to reach the
Garvellachs on a previous week-end excursion had been frustrated by the
weather, so it was hoped that a week in the area might allow a successful
landing. It had been suggested that a visit to the disused lead mine at Tyndrum
should be made before proceeding to the Forestry Commission cottages at
Dalavich later in the afternoon. Thus the party, dressed for the field and laden
as usual with all that was deemed necessary for the week, left Edinburgh in
rapidly deteriorating weather. When the time to evacuate the vehicles arrived
- after a short detour to see the local sewage works - it was raining heavily and
therefore several decided to forego the experience and start the excursion the
following day with dry boots and clothing. On arrival at Dalavich the cottages
were found to be relatively spacious and comfortable, reasonably well
equipped but not identically so. leading to unsuccessful bartering for specific
items between groups. Situated among the pine trees on the shores of Loch
Awe we were glad that the midge season had not started; this fact was made
very apparent by many entries in the Visitors Books. kindly provided for each
house by the Forestry Commission with a request for comments of any sort;
it is possible that the variety and content of some may even have exceeded the
Forestry Commission’s expectations. but they certainly gave the participants
of the excursion many hours of amusement!

The main purpose of the trip. of course, was to look at the geology of the
area - mainly the Dalradian. For that end. on the Sunday morning, a rather
subdued party (partly due to the rain and partly to the rather poor roads which
induced varying degrees of queasiness in some members) gathered near
Kilmory village. After a shortintroduction to the geology. the sedimentary and
structural features of the Crinan Grits that are exposed in the Kilmory Bay
syncline were examined; these included excellent graded bedding and
textbook examples of bedding/cleavage relationships developed in a series of
spectacular plunging folds. Later in the day the Ardrishaig Phyllites were seen,
and at the most southerly point reached (locality 10, Roberts. 1977) thick
epidiorite sills. Before returning to the buses the ruined church at Kilmory
village was visited to look at the collection of ancient carved Celtic slabs and
crosses kept there.

On Monday morning, after an equally bad journey on the road west from
Dalavich, the party assembled at the car park for the Kerrera ferry. They
walked south, past an intrusion displaying excellent columnar jointing, until
access to the shore was obtained. Old Red Sandstone conglomerates and some
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extremely weathered dykes, hardly recognisable as such, were studied before
lunch was taken at a locality where fossil fish (?singular) had been found in
the past. Despite enthusiastic hunting only one dubious indication of ancient
life was found, but the frailties of modern life were brought home by a slip
resulting in a broken bone in the hand of one of the party. At this point the
party was forced to retreat due to access problems, and therefore headed for
Dunollie Castle to the north of Oban, where more conglomerates and basalt
lavas were studied on the shore for the rest of the afternoon.

Weather permitting. a trip to the Garvellachs had been planned for the
following day. The incompatible sizes of the boat and number of mariners
meant that the party had to be divided into three, the first party leaving
Dalavich at about 6.30am! Luckily the weather was kind. as regards sea
conditions, and a safe landing was achieved - the idea of repeating the early
start was not popular! Although the sea was fairly calm for the half-hour
crossing the rain continued, and very heavy showers were experienced by all
parties during the morning. The island visited was Garbh Eileach, the largest
of the group, where the Port Askaig Tillite is well preserved; this was described
by Spencer (1971) and later discussed by Eyles and Eyles (1983). The
formation consists of a variety of sandstones and mixtites (a non-generic term
used to describe the boulder beds) and, particularly in the lower member,
subordinate siltstones and dolomite. The mixtites near the jetty were
spectacular, and included granite boulders possibly from as far afield as
Czechoslovakia; moving down the sequence the proportion of granite boulders
decreased and those of dolomite increased. Other interesting features included
sandstone wedges, where sand had filled crevices in the top surface of the
mixtites, and the Great Breccia with blocks several metres across;
stromatolites were found in the Islay Limestone below the mixtites. The first
two parties to leave the island had time to visit the quarry in the Easdale Slate
at Cullipool before everyone had to evacuate Luing Island before the last
vehicle ferry at 6.00pm.

On Wednesday the party visited Tayvallich. As expected, soon after leaving
the vehicles a heavy shower sent everyone scurrying for cover. The morning
was spent on the peninsula south of Keillmore (locality 3, Gower, 1977) where
the rocks consisted of a limestone containing fragments of epidiorite resting
with sharp contact on the Loch na Cille Boulder Bed, with pillow lavas below.
After lunch features in the pillow lavas and associated hyaloclastite breccias
and tuffs were examined in a kilometre-long strike section on the coast to the
north west of Keillmore; a bed of “porphyry breccia™ is also exposed here,
containing boulders more than 1 m in diameter. By late afternoon the party
had only reached locality 5, and at this point it was decided that the optimism
displayed in leaving one vehicle at the end of the section was unfounded, and
the entire party returned to the start. In the evening a party. complete with
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cake, was held to mark the occasion of the tenth long excursion of the Society:
certificates were presented to the few that had survived them all!

On Thursday it was planned to visit three geographically separate localities:
we only managed to get to two! The first stop was the south western end of
the Craignish peninsula, where the Craignish Phyllites show negligible
deformation, protected by the close proximity of thick epidiorite sills
(Anderton, 1975); sedimentary features are well preserved, as well as excellent
gypsum pseudomorphs up to 4 cms long. A non- geological point of interest
at this locality was the distant view of the white water marking the position of
the Corryvreckan whirlpool between Jura and Scarba. After lunch the party
moved northwards to the peninsula north of Asknish Bay. where extremely
deformed examples of the Craignish Phyllite were seen, together with diorite
and granite intrusions. Some copper mineralisation was found.

On Friday the party split. A small group. feeling that they had suffered the
local roads for long enough decided to investigate the area around Dalavich.
whilst two bus loads headed for the shores of Loch Fyne. The first short stop
was in the Erin Quartzite (locality 16, Roberts. 1977) before moving south to
the main section near Barmore Island. The Stonefield Schists, Loch Tay
Limestone. Glen Sluan Schists and Green Beds were to be examined, as well
as exposures of epidiorite that were not mentioned in the guide (plus the
delights of Tarbert by a splinter group). Particular features of interest were the
development of albite porphyroblasts, tourmaline and graded bedding
showing that the beds were inverted. The intricacies of the structure described
in the guide were difficult to grasp on first acquaintance (see later). This turned
out to be one of the most energetic sections of the week, for despite being a
short shore section it did not lack interest for those who enjoy scrambling!

The now traditional Friday evening gathering was held. The hosts on this
occasion decided that the mental processes had not been overtaxed during the
week, and hence invited everyone to solve a cubic equation to discover the
venue - everyone turned up at the right place! Entertainment was provided by
extracts read from the Visitors’ Books. Thanks were expressed to all those
involved with the organisation and execution of the excursion, particularly
leaders. drivers and the Catering Committee. and certificates were presented
to other sundry individuals for nefarious contributions and/or misdeeds. Two
of these were for statements made during the week., the first made at locality
22 of the last itinerary, where one member was heard to say "I think we are
baffled by the significance of these structures™ and also, at the same locality,
“the subtleties of this escape me™. The second statement - “never have so many
travelled so far to see so little™ was a reference to the fact that we never actually
reached the end of any of the itineraries. The Strontian Hammer for 1986 was
awarded to Ian Hogarth for organising everything so well, especially the trip
to the Garvellachs, in the face of so many problems (namely, thirty-five
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participants). The citation is too long to quote.

The final day would normally simply be a return to Edinburgh, but with such
ashort drive it was decided that two buses would visit Lismore on the way back.
After a short, but choppy, crossing from Port Appin, the party walked round
the coast, crossing the Lismore Limestone (Hickman, 1975), to an intrusion
of diorite and its associated mineralisation; pyrite and pyrrhotite were found.

And so ended another enjoyable and interesting excursion. A week when
not even a single toe was deliberately dipped into the sea and when the
normally ubiquitous cuckoo was only rarely heard; one when the number of
good days were not enumerated by the number of bare knees that blossomed
but by the number of days when waterproof overtrousers were not a necessity;
one marred by sickness (several members had succumbed to a mystery bug)
and injury, and compared to the previous nine excursions, bad weather - but
it could have been worse. Let us hope that next year we can expect, and
experience, our usual brilliant weather.
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Review:

Andrew A McMillan

British Geological Survey

Down to Earth: One hundred and fifty years of the British Geological Survey
by H.E. Wilson 1985 published by Scottish Academic Press 189 pp. Price £9.75
paperback only

When Down to Earth appeared on the scene in November 1985 just in time
to celebrate the 150th birthday of the Geological Survey, our erstwhile
President was heard to comment that it should have been entitled ‘Rock
bottom’! For those of us aware of the parlous state of geology in this country
and of the Survey’s plight in particular, this sounded about right and it is a
theme to which the author of this entertaining book returns on several
occasions.

The publication is a ‘personal account’ and once or twice, the opportunity
is taken to let rip. The NERC (and its biologists) in particular amongst parent
baodies of the Survey comes in for a fair amount of stick.

The book consists of eighteen thoughtfully titled chapters some of which
have amusing chapter head sketches. I particularly like the ‘Mandarins’.
Although each chapter describes aspects of the Survey’s life and work in some
sort of chronological order, there is no chronological continuity from chapter
to chapter. I like this approach because it breaks up an otherwise lengthy string
of dates and facts but it is difficult to use the book for reference purposes
especially as there is not even a brief index (cf. E.B. Bailey's *History’, 1952).
It is inevitable in any history that dates, acronyms and names predominate.
There is, of course, little one can do with the former two subjects except quote
them sparingly. Names, on the other hand. evoke characters. Brief character
sketches are given of some notable geologists but it would have been
interesting to read more of post-World War I1 staff, most of whom the author
must know personally.

Much of the earlier history has, of course, been treated before by Sir John
Flett (1935) and Sir Edward Bailey (1952) but, like different biographies of the
same individual, each book portrays the author’s style and prejudices, and
highlights different events as being significant.

I have a suspicion that the “plate-tectonic™ (post-1960's) vears have seen
more changes in the Survey in relation to its size. scope, objectives and
relevance to society and industry than ever before, saving possibly the
inaugural period under De la Beche. Somehow I feel the author has not done
justice to this fast moving modern phase: perhaps that is because, just as it is
sometimes difficult to appraise the merits of contemporary music. it is equally
hard to stand back from the present and place current events in the context
of the past. Actually, geologists who adopt the axiom that the “Key to the Past
is the Present™ ought to be in their element!
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The sort of criticism T have is epitomised by the section on computing
entitled “The Numbers Game’. It is hardly a chapter and all it does is to
chronicle the exasperating history of the introduction and implementation of
computing in the Survey. A brief reference to Read and Dean’s early statistical
work is the only indication of the use and practicability of computing in geology
until a rather inadequate mention of the National Geosciences Data Bank is
made in the pessimistic final chapter. I cannot believe that there has been so
little progress in the last 20 years.

The author has chosen this low key approach to describe other ficlds of
modern geological activity. On the marine side, for example, I regard the
Survey as more than ‘a collator of data from diverse sources’. Although
recognition is given to the development of techniques and the value of mapping
the continental shelf in terms of benefit to the offshore engineering industry
and assessment of hydrocarbon prospectivity, I think the scientific worth of the
programme needs to be fully stated as well. This is pioneering work which in
its own way is as exciting as the discoveries of Clough, Peach and Horne.
Equally, the importance and use of regional geological surveys, environmental
geology and other forms of modern geological mapping need to be highlighted.
Few readers, who are not geologists, will know how these approaches differ
from ‘traditional’ mapping. The brief mention of the fascinating Aberfeldy
baryte-base metal discovery fails to convey the importance of studying
stratabound sulphides and the implications for future work in the Grampians.

In essence, I would have liked to see the author singing the praises of
scientific achievement and highlighting what the Survey is good (and bad) at.
Progress or otherwise in the science goes hand in hand with bureaucratic
change. Yet the latter, a dull succession of unit name changes, regrouping of
staff and alterations to management structure (not unique to the Survey), is
given precedence. Notwithstanding these observations I found the book a good
read. I certainly think that the pre-war years are treated better than the post-
war years. Sometimes the author leaves the reader in mid-air, presumably to
let him draw his own conclusions. Other matters are covered more extensively.
Hercules, for example, receives a full frontal chapter all to himself. On the
subject of work returns I would suggest there was little or no need to illustrate
four separate examples of those wretched forms! Anecdotes are amusingly
recounted. The reference to J.E. Richey in Mull and the ‘load of old stones’
reminds me of a similar account in Lilian Beckwith’s delightful novel ‘The Hills
is Lonely’. Errors appear to be few: the most amusing that I found was the
startling revelation that Dr J.D. Peacock was an enthusiastic scuba diver
(p-172). He assures me that he has never been a scuba diver! Poems are
reproduced both in the text and in an appendix, and include ‘The Aged
Palaeontologist’ which readers of this magazine will recall was published in the
March 1978 issue. The illustrations are well produced and clear, although the
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splendid artwork of the scroll presented to Dr G.H. Mitchell on his retirement
is lost in the black and white reproduction.

I can certainly recommend the book to anyone with an interest in the Survey.
the history of geology. or QUANGOS. However, I think it unlikely it will have
wide appeal and I contend that geologists in general still have a long way to
go to influence public and governmental opinion of the value of the science.
I feel the author should have fully grasped the opportunity to emphasise how
geology and the Survey have. to poach a phrase, served the nation.

Further reading
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Britain. HMSO. London.
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