































































































coast east of Cockburnspath, where, in a striking setting, gently dipping
Upper Old Red Sandstone overlies steeply tilted silurian graywackes
and shales. The Siccar locality (1788) has been described as the most
spectacular of the three unconformities by which Hutton demonstrated
that the Earth’s rocks were “the products of an essentially cyclical, oft-
repeated process” and the place that made Playfair “grow giddy by
looking so far into the abyss of time.” A visit to Sligh Houses, one of
Hutton’s farms, preceded an excellent evening buffet at the RSE and a
tour of its portraits, books, and manuscripts.

On the excursion’s second day, Craig and Herries-Davies guided us
around Arthur’s Seat Volcano in Holyrood Park and discussed some of
the key sites whose features showed Hutton the force and heat of the
intrusive contacts between the Carboniferous basalt and sediments in
the Salisbury Crags and nearby sections. The Crags gave us a fine view
of the city northwest towards the glacial “crag and tail” that connects
Edinburgh Castle and Holyrood Palace via the “Royal Mile.” From
Edinburgh, we drove north to Kinnordy House, Sir Charles Lyell’s
ancestral manor near Kirriemuir in Angus, where we were royally
entertained at a buffet luncheon hosted by the present Right
Honourable Lady Lyell before examining Lyell’s library, some of his
manuscripts, and several nearby localities he described in 1825.

From Forfar in Angus, we passed west and north on the third day
across the Boundary Fault to Glen Prosen, in the Southern Highlands,
where, in 1840, Buckland showed Lyell the moraines that temporarily
convinced him that Agassiz’s concept of continental glaciation was
correct. Further west, we crossed the pass of Killiecrankie in Perthshire,
where the Jacobite general “Bonnie Dundee” was killed in 1689, and
drove up starkly beautiful Glen Tilt. Along this glen, we examined sites
where, in 1785, Hutton and Clerk recorded the feature of granite and
other intrusive rocks which cut well-bedded metasediments now known
to be of Precambrian age. We ended the afternoon by touring Blair
Castle, the ancestral home of the Murrays and Dukes of Atholl.

From Blair Atholl, we drove, partly by General Wade’s Military
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Road (built after “The ’45”), south through Crieff to view the
Carboniferous dolerite dike that Hutton also had studied in 1785. The
last day of our tour continued along Hutton’s and Clerk’s route of that
year to the section of Devonian and Carboniferous sediments and
extrusive rocks in the Ochil Hills exposed along Glen Devon in the
gorge at Rumbling Bridge and at the waterfall in Cauldron Linn. We
returned to Edinburgh via Falkirk and Linlithgow, the latter the
birthplace of Mary Queen of Scots.

The XIIith INHIGEO Symposium, on topics in the history of
stratigraphy and paleontology, will be held in Pisa, just before MEGS 5
at Dubrovnik in September 1987.

FOURTEEN DOWN: BOULBY’S DESERT WINDS
TAKEN WITH A PINCH OF SALT

M.A.E. Browne
BGS

It was Monday afternoon, September 16th, the air temperature was
38 degrees Celsius and a hot, dry, sometimes suffocating, dust-laden
wind was blowing. Could it be the sirocco in the Sahara or a simoom in
the Arabian desert? Fourteen people from the Edinburgh Geological
Society struggled on, the bitter taste of salt on their lips. It was rather
dark and visibility often less than 30 m. Was this a bad dream caused by
consuming too much alcohol in the hotel last night or had the climate of
Whitby changed so much during our weekend field excursion. The
reality was that we were walking along the return airway in the Boulby
Potash Mine [NZ 760 180] almost 1200 m below ground. The Mine is
situated just west of Staithes, within 2 km of the Yorkshire Coast, and is
claimed to be the deepest in Britain. It is owned by Cleveland Potash
Limited and is the only one working potash.
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The factors which influenced the siting of the mine at Boulby
(orebody apart) are the existence of shale bings associated with old mine
workings in the Cleveland Ironstone Formation of the Lower Jurassic
(environmentally damaged land available), access by road and rail (part
of disused coast line easily relaid) and proximity of the sea for water
supply and waste disposal. The sinking of the two 5.5 m diameter shafts
began in 1968 and was completed in 1976, both to a depth of 1150 m.
Initially the potash ore (sylvinite, a mixture of potassium and sodium
chlorides) was extracted using a rectangular pattern of stoop and room
working, the stoops 30 m square and the roads 6 m wide. Serious
problems arose with this mining system as roadways always deteriorated
rapidly because the ore is a weak material under load. The current
practice (Stress Relief Mining) is to extract the ore in panels, 120 m
apart, consisting of six parallel galleries advancing in chevron pattern
with the outer tunnels ahead of the central roads. Each gallery is about 4
m high and 6 m wide and is separated from its neighbour by pillars 4 m
across and 20 m long. The roof is strengthened by emplacement of 1.5 m
long rock bolts about 1.5 m apart, held in with the assistance of resin. To
advance the face, a 15 cm slot is undercut about 1 m above the floor to a
horizontal depth of about 4 m to form a space into which the blasted
material can fall. The shotholes are drilled horizontally to a depth of
about 3.75 m and each blast yields about 200 tonnes of ore. In addition
to blasting, the ore can be ripped by the many revolving teeth of the big
heliminers. The outermost roads and their pillars are deliberately
designed to be subject to the most pressure as mining takes place. These
pillars, even with additional rock bolting, readily fracture and the roof
fails. The pillars erode by necking in the classical manner with large
triangular prisms of ore spalling off the walls. Thus the two outer roads
are quickly crushed and closed but the inner roads remain intact in an
artificially created area of low stress. Three laws of the mine in areas of
sidewall rock bolting are (1) walk quickly, (2) if standing still, do not
stand opposite a rock bolt and (3) if you are hit by an exploding rock bolt
make sure it hits you in the back and that it came from the farthest wall!
A fourth more general rule is that drivers of heliminers and other large
pieces of moving equipment are nice fellows but can be a little dozy at
times so when you are near them wear your lamp on your head where
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they can see it. Otherwise you will be squashed flat although they won’t
mean you any ill by it. A fifth law, especially for men, is always walk
over moving cables and hoses by placing your front foot firmly on it or
else you were warned!

Our journey over 1 km into the earth’s crust was preceded by an
informative lecture by Charles Mackenzie, the Mine Geologist, a
Fellow of the Society, whose invitation to visit we had gratefully
accepted. The mechanics of mining were also explained by John
Theobald, the District Geologist, whose area of the mine we were to
visit. By 4 pm, lightly clad, armed with lamps, helmets and self-rescue
kit, we passed through the contraband checkpoint, handed in our dog
tags and passed through several airlocks to reach the pithead. In two
minutes we were whisked down to the bottom of the shaft passing
through the Quaternary in four seconds (one way time, for the benefit of
the geophysicist), Liassic and Rhaetic Shales (42 secs), Keuper Marl (71
secs), Bunter Sandstone (96 secs) and entered the Permian in 108
seconds. Like a descent in an aircraft, the change in atmospheric
pressure following a drop of over 1 km caused discomfort to the ears but
the extreme noise of compressed fresh air being forced round the cage
near the botton of the shaft caused the first visible reaction from the
mob. It is not clear whether the bachelor male (well under 21) or the
married female Fellow (probably over 21) initiated the hand holding
session, or what the reason was.

From the pit bottom we went to the lowest part of the mine (depth
over 1200 m) which is within the mining barrier around the shafts. Here
we examined the geological succession below the orebody and also a
spectacular reverse fault (Woods 1979, figs 3 and 6). The lowest
formation seen was the Upper Magnesian Limestone, possibly 25 m
thick, which consisted of dark grey to black, bedded, fine-grained
dolomite with some mudstone partings. The contact between the
dolomites and the overlying Billingham Main anhydrite was sharp and
generally flat. The anhydrites, 12 to 15 m thick, were mainly fine
grained, pale to mid grey in colour and well-bedded. The anhydrites
pass up into the overlying Boulby Halite Formation by interbedding.
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The Boulby Halite, c. 50 m thick, consists of rhythmically repeated
cycles (cm scale) of fine to very coarse grained halite and clayey halite
with clay partings and patches. The halite is colourless to white if pure,
red if stained by hematite and grey to black if dark clay is present.
Lenses of recrystallised salt occur, sometimes 30 m thick and more than
a metre long, and often are a beautiful pink colour. Where circulating
waters have dissolved salt, the cavities have subsequently been filled by
‘table pure’ very coarsely crystalline colourless halite. These three
formations form the third evaporitic cycle (EZ3) of the Permian
Zechstein Sea.

John Theobald then took us to a newly started mining district. All
the access roads are cut in the Boulby Halite at a horizon some distance
below the orebody. After walking about a kilometre west of the pit
bottom, the relationship between the bedded halite and the sylvinite
orebody could be examined. The sylvinite (sylvite and halite) is not
bedded and the fabric and structures observed in it are reminiscent of
metamorphic textures (folded gneisses). The ore is probably secondary
in origin and is believed to result from the chemical alteration of primary
carnallite (potassium magnesium chloride) and upward migration and
local concentration of the sylvite produced within the top part of the
Boulby Halite. The overlying Boulby Grey Shale has been heavily
brecciated and reconstituted by these processes, the shale commonly
being found as small clots and patches within the Boulby Potash. Pure
coarse grained sylvite is white and can be distinguished from halite by its
very bitter taste (salt is sweet by comparison, but not if accidentally
added to your coffee). The white variety forms augen crystals in an
orange or pink matrix of sylvinite with clay clots. The gravity induced
plastic flow fold and thrust structures associated with the orebody have
been described by Talbot, Tully and Wood (1982). The thickness of this
unit as a result is also variable from 1 m up to 20 m. A marker horizon
used to locate the orebody when driving headings up from the main
roads is a band of halite showing beautifully preserved desiccation
polygons up to a metre across and two metres deep, the cracks being
filled with clay or clayey halite. We saw them both in plan in the roof and
in section in the wall of the mine. This horizon is about 6 m below the
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orebody. As the aim of the mining methods employed is to avoid roof
troubles the overlying succession including the top 1.5 m of the orebody,
Boulby Grey Shale and Carnallitic Marl, was not seen in the mine. The
appearance of salt clay (‘marl’) in the roof is very bad news as roof
conditions become uncontrollable.

Our overall impression of life in the headings was one of intense
noise from the drilling equipment and lots of dust. The pervasive salt
dust was clean, unlike a coal mine, but the large concentration of it in
the mouth and nose is an experience not easily forgotten. We also
learned the sixth rule of the mine — when looking at the highly stressed
rocks in the outer roads of the chevron, never hammer the walls.
Another impression was the foetid smell. The orebody contains small
pockets of gas consisting mainly of nitrogen with methane, ethane,
butane and pentane, the latter pair giving rise to the smell. The gas is
released during drilling (we could hear the bangs) and blasting. If a large
pocket is released during blasting, up to ten times the normal quantity of
rock may be brought down, and of course that works wonders on the
carefully designed shape of the pillars and the roof. When we left the
working face we were glad of the iced water offered to us by the miners.
“You must be mad coming down here on your holiday!” We learned
that painters, decorators, graduates and a professor had left the dole
queue to work down Boulby and that they were all members of
T.G.W.U.

After visiting the sump to look at large snowflake crystals of salt
precipitated out of the mine waters, we briefly sampled the delights of
the return airways (which is where we came in) to see salt stalactites (salt
straws) and stalagmites at least 1.5 m high and wide. The fancy shapes
formed by the dripping brine are known locally as Boulby coral and you
could see why. Where the cavity in the roof hereabouts went to was
anyone’s guess but if it ever linked up with the the brine-bearing Bunter
Sandstone 200 m above, that really would be trouble.

So our visit to the largest sauna in Britain (effective working
temperature 30°C) drew to a close. Retracing our way to the pit bottom
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we collected our samples from the various strategic points safe in the
knowledge that as long as they weighed less than 2 tonnes we would be
allowed to return to the world above and wouldn’t have to pay for them.
It didn’t feel as though we had had three hours underground as we
emerged at the surface to the fading day, a cup of tea (or three) and a
presentation box of samples from the mine. Some began to wonder why
they had bothered to bring up sackfulls of specimens!

Certainly it was a visit not to have been missed, even if the gap in
succession between the Liassic mudstone of the Staithes shore section
which we had seen on Saturday and the Permian evaporites in the mine
was concealed behind the concrete lining of the shaft. The policy of
Cleveland Potash Ltd is to limit the number of visitors (many are called
but few are chosen) and no school parties are allowed (two lucky boys).
Thank you Charles and John for a great trip.

P.S. Other facts : 2 million tonnes of raw potash ore (for fertiliser)
and 250,000 tonnes of halite (for icy roads) are mined each year. The
Billingham Anhydrite Mine is in the same part of the Permian
succession but there is no salt in their sequence. Salt straws curve
upwind because of increased evaporation on the wind side. The
diameter of the circle circumscribed by the mined area around the shafts
is 4 km and the northernmost workings are also a half km offshore and
this will be raised to 3 in due course. The mine should still be working in
the next century. Perhaps this wasn’t a once in a lifetime experience.
Next time we can travel underground to the far corners of the mine like
the miners do - flat on your face on the conveyor belt. Tell me, how do
you get off?

Further Reading

Anon, 1983. Cleveland Potash Ltd. Ten Years’ Operations.
Phosphorus and Potassium

Anon, 1984. Cleveland Potash - triumph over adversity. Fertiliser
Focus (August)

Chilton, F. and Laird K.L. 1982. Problems encountered in the mining of
Potash at depth. Mining Engineer, 141, 517-522.

Smith, D.B. and Crosby, A. 1978. The regional and stratigraphical
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ASSYNT REVISITED

Margaret Rusbridge
43 Springfield Gardens, Bickley, Kent

The Edinburgh Geological Society returned to the Assynt area for
the 1985 long excursion. The weather deteriorated rapidly as we clinked
(we had been forewarned about the lack of certain types of shops) our
way towards the north west, and we thought that it was not going to
come up to the usual, and now expected, standard. The chalets this year
were in Unapool, to the south of Kylsku and arranged so that an
excellent view of Quinag could be seen, across a side-arm of the loch,
through the lounge windows. On arrival it was found that all the
numbers of the houses had been changed; despite this nobody manage
to gain extra rations (or lose them!) in the confusion. On the first
evening Frank May gave a short talk on the proposed itinerary for the
week, pointing out that we could do a great deal of the geology without
actually having to go out, especially with the use of a good pair of
binoculars.

The first day in the field dawned dry but rather cloudy. The party
set off for Upper Badcall where the contacts of a Scourie dyke against
the Lewisian were to be studied in detail; another dyke was traced
across a shear zone and was seen to thin and be deflected. The sun was
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shining by the time the party set off after lunch for a hard, 4 km walk to
look at the basic and ultrabasic rocks to the south of Loch Gorm. The
route threaded its way among myriad lochs and lochans; one member of
the party, not to be diverted from the directissima, waded one shallow
stretch of water only to find himself on a peninsula with the prospect of
either the original detour or getting even wetter; the detour won!
Another stalwart had decided that a more energetic day was called for
and, despite new boots, had conquered Quinag, or rather three-
quarters of it. The evening’s entertainment was a trilobite hunt in a
small quarry just to the south of Inchnadamph where fossils were meant
to be plentiful. One spine was found before the thoroughly chilled party
had to take refuge in the Inchnadamph Hotel in order to thaw out,
where they were met by those who had been a little tardy with the
washing up, or (official version) were valiantly trying to reduce the
various food mountains (and wine lakes?).

Monday, which turned out to be our warmest and sunniest day, was
spent to the south of Loch Glencoul studying the Cambrian succession,
its overlap across the Torridonian and Lewisian, and the Glencoul
thrust plane. From a knoll near the road the geology of the area could be
easily demonstrated; looking westwards towards Quinag it is possible to
trace the unconformity between the brown Torridonian sandstone and
the grey Lewisian gneiss from the foreground to 300m on Sail Garbh and
600m on Sail Ghorm, demonstrating the hilly nature of the ground on
which the Torridonian was deposited; and to the north, across Loch
Glencoul, the effect of thrusting is well displayed on Beinn Aird na
Loch. After the ‘binocular’ geology the details of the Cambrian
succession were examined below the Glencoul Thrust plane. After
lunch and a short visit to the thrust plane the more energetic members
continued to the Stack of Glencoul while the rest of the party returned
to the buses and went, via Lochinver, to Achmelvich Bay to look at the
Lewisian of the central ‘Scourian’ zone again. Some members were
lured by the sun and sandy beach to try the first, and only, bathing of the
trip. It turned out to be a quick dip! In the evening those members
interested were invited to see some slides taken in Iceland the previous
year by some members of the Society. A poster on Iceland was also
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circulated, by request, to all the chalets during the week.

Tuesday was spent near Clachtoll on the Stoer peninsual looking at
the Stoer group of the Torridonian. The predominantly red, muddy
sandstones also contained some elusive algal limestones, which once
seen were found everywhere, and cupriferous nodules, which remained
elusive. In the evening the whole party foregathered to mark the
retirement of Wally Mykura from the B.G.S. and to express the wish
that he could continue to attend E.G.S. excursions for many years to
come. A desk set, a clock and a pair of book-ends in Skye Marble,
donated by Don Shelley, were presented in the name of the Society to

show the members’ appreciation for all that Wally has done over the
past years.

Wednesday was designated a day of rest! The party duly set off for
Tarbet where it divided. The majority visited Handa Island, and the
“Lewisian enthusiasts” (including those who did not fancy birdwatching
or the boat trip — stories had been heard about the excitement of the
landings!) headed north for Rubha Ruadh and the Laxford front. The
geology was varied and extremely interesting, and included bands of
brown weathering schists which are thought to be metasedimentary
bands. Basic and ultrabasic rocks similar to those seen on the Loch
Gorm traverse were also seen, together with a strongly foliated rock of
granite composition. One metagabbro was particularly noticeable with
large garnets up to 40 cms across! At one locality, a large and extremely
interesting but complex Scourie dyke, the most profound saying of the
week was heard that - “in some cases it is best just to walk away from the
exposure and forget aboutit”. The evening’s entertainment consisted of
a hilarious quiz arranged by one “house” on what we had seen (or
should have seen) during the week. The result was unique in that the
questionmaster finished up with -3 points for not knowing the correct
answers to some of the questions set!

On Thursday the energetic set off to conquer Conival and Ben
More Assynt, or in one case, to complete Quinag. The geological party
looked at the Cambrian/Lewisian unconformity and the Cambro-
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Ordovician succession up to the Eilean Dubh limestone in the road
sections by Lochg Assynt. Lunch was taken at the Peach and Horne
memorial before following the path along the north side of the Traligill

river to see the thrusts, caves and disappearing rivers. The evening was
free.

Friday was to be an easy day. The party set of for Durness, stopping
briefly north of the Laxford front to let the birdwatchers have an
opportunity of seeing the granite sheets that cut the gneiss. At Durness
we looked at the remainder of the Cambro-Ordovician succession (as
well as Primula Scotica in flower) at Balnakeil Bay. Dedication was
severely tested in the afternoon as we experienced the first rain of the
week which lasted the whole afternoon; despite the rain the section was
found to be very interesting. The final stop (excluding the local tea shop
where we dried out) was Smoo Cave.

In the evening the now traditional ceilidh took place. An
innovation this year was a raffle — a brilliant idea for getting rid of the
remaining (and unwanted) food mountains. Other contributions were
enthusiastically received, especially the presentation of the “Strontian
Hammer” to Frank May for “his immense contribution to the success of
the excursion, including his clear explanations and unique humour”,
which was exemplified by his comment on the Scourie dyke that was
quoted earlier. This year also saw the presentation of smart computer
printed certificates (due to the foresight of David Moseley) for various
nefarious reasons; unfortunately ( in some cases) the recipients would
prefer to forget the activities for which they were so honoured.

And so another long excursion had come to an end. Some chalets
were spared the usual cleaning ritual, as 4 out of the 6 experienced
power cuts just before we were due to leave —luckily after breakfast had
been cooked otherwise an unforeseen egg and bacon mound might have
materialised. During the journey south to Edinburgh the weather
deteriorated until a state of continuous heavy rain was achieved -
possibly related to the traditional weather expected for English Bank
holidays.
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STRANGE EARTH No. 3
by Bill Baird

Two large stacks of baled hay, some 15 feet apart, on a property in
the Parish of Gnarkeet, near Lismore, Western Victoria were burnt to
the ground on the 7th of March of 1961. The 325 tons of hay were
mowed and stacked during a relatively hot dry period and contained
only the normal grassland plants associated with meadow hay. The soil
underlying the fields from which the hay was taken had a basaltic origin.
Examination of the fire site revealed that 325 tons of hay had been
converted into approximately 16 tons of silica glass. The reasons for the
production of this “natural glass” are discussed by George Baker and
Alfred A. Baker in Hay-Silica Glass from Gnarkeet, Western Victoria,

Memoirs of the National Museum, Melbourne, Australia, 1963, No. 26,
pp. 21-45.
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THE TESTIMONY OF THE ROCKS - MAY 1985

by Bill Baird & Andrew McMillan

If only these rocks could speak, what tales they could tell!

1.

2.

“Hello, Moine! How’s your Schist?”
“Oh, a bit micaceous, Jurassic. How are the Gryphae?”
“Fairly fossiliferous, Moine, fairly fossiliferous.”

“Have you heard that the Edinburgh Geological Society are around
again this spring?”

“Oh, no -1 don’t think I could stand them again, after what they did
at Loch Aline.”

“I know how you feel Jurassic. I mean, a girl likes a bit of attention
but when that Frank May looks at me I just feel as though I haven’t
got a stitch on.”

“I know, dear, they had their hands all over my corals at Applecross
and I won’t tell you where they poked their chisels.”

”Well, thank goodness they’re not coming here this year. They’re

up at Kylesku, doing unspeakable thinks to Lewisian, Torridonian
and Cambrian.”

Well Torridonian and Lewisian are fairly mature girls and not easily
excited, but Cambrian is a bit too Palaeozoic.”

“I’know, dear, they were down at Cambrian on Monday night trying
to get hold of her trilobites.”

“Did they get any?”
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“No! She managed to hide them all, but that little Sandy Robertson
had his eyes on her vugs.”

“I suppose they were examining the Glencoul Thrust?”

“Oh yes, dear — you can’t have a little bit of family friction without
them shoving their nose in.”

“Has Bill Roberts got his big hammer?”

“Of course dear - and the worst think about that is you never know
where it’s going to fall.”

“I suppose that Alec Mackie is there again?”
“Yes, you can’t trifle with him. But he’s getting very forward; a

could of hundred years in the EGS and he’s on first name terms with
us.”

“Their president Norman is still trying to flog that Necker map. If he
keeps carrying on like this we’ll fix him the way we did Necker.”

“Do you think there is anything we could do to stop them coming
back?”

“Apart from re-activating the Great Glen fault, I don’t think there’s
achance. They’re a pretty rugged lot: you’ve got to Handa to them.”
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