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LOGISTICS AND BASICS
Flight
Flight

Departs

Arrives

British Airways BA0292 Washington, DC-Dulles (IAD) London Heathrow (LHR)
10:30 pm Sat, Mar 3rd
10:40 am Sun, Mar 4
British Airways BA1484 London Heathrow (LHR)
1:05 pm Sun, Mar 4

Glasgow (GLA)
2:30 pm Sun, Mar 4

Duration: 11 hours 00 minutes
British Airways BA1477 Glasgow (GLA)
8:55 pm Sun, Mar 11

London Heathrow (LHR)
10:25 pm Sun, Mar 11

British Airways BA0217 London Heathrow (LHR)
11:25 am Sun, Mar 11

Washington, DC-Dulles (IAD)
3:50 pm Sun, Mar 11

Duration: 10 hours 55 minutes

Scotland Basics
Emergency Number: 112 or 999
-

Currency:

Pounds sterling (£) – ‘Quid’ is often slang for pound
· 100 pence (p) = 1£
Exchange Rate (as of 12/20/17): 1£ = $1.34 USD or $1 = 0.75 £
Tipping: yeah, you should probably tip, just like 5% less than what you would in the US
Time zone: Greenwich Mean Time (GMT) Zone, 5 hours plus Johnstown
Daylight: In March sunrise occur around 7:00 AM and sunset at about 6:15 PM.
Greeting a Scot: Firm handshake and eye contact (this is pretty much true everywhere)

1

March weather and climate
-

Temperature:
· Southern Scotland - daily highs average around 45°F and lows around 34°F.
· Northern Scotland - daily highs average around 43°F and lows around 33°F.

-

Cloud Cover: continuous

Precipitation:
· Southern Scotland - 17 days of 30 generally rain in March (~5.6 inches)
· Northern Scotland - 20 days of 30 generally rain in March (~6.3 inches)

Tides and Daylight
Day

High

4:05 AM GMT
/ 5.65 m
4:46 AM GMT
Mon 5
/ 5.47 m
5:26 AM GMT
Tue 6
/ 5.20 m
6:06 AM GMT
Wed 7
/ 4.88 m
6:48 AM GMT
Thu 8
/ 4.55 m
Sun 4

Fri 9
Sat 10
Sun 11

Low
9:41 AM GMT /
0.46 m
10:16 AM GMT /
0.59 m
10:52 AM GMT /
0.82 m
11:28 AM GMT /
1.12 m
12:08 PM GMT /
1.45 m
12:36 AM GMT /
1.62 m
1:29 AM GMT /
1.99 m
3:12 AM GMT /
2.23 m

High
4:18 PM GMT /
5.83 m
4:59 PM GMT /
5.61 m
5:39 PM GMT /
5.30 m
6:22 PM GMT /
4.93 m
7:09 PM GMT /
4.55 m
7:37 AM GMT /
4.26 m
8:36 AM GMT /
4.04 m
9:45 AM GMT /
3.97 m

Low
10:05 PM GMT /
0.18 m
10:42 PM GMT /
0.45 m
11:18 PM GMT /
0.81 m
11:55 PM GMT /
1.21 m

High

Sunrise

6:56 AM
GMT
6:54 AM
GMT
6:51 AM
GMT
6:49 AM
GMT
6:46 AM
GMT
12:55 PM GMT / 8:05 PM GMT / 6:44 AM
1.79 m
4.23 m
GMT
2:06 PM GMT / 9:13 PM GMT / 6:41 AM
2.07 m
4.01 m
GMT
4:13 PM GMT / 10:28 PM GMT / 6:38 AM
2.10 m
3.98 m
GMT
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Sunset
5:52 PM
GMT
5:55 PM
GMT
5:57 PM
GMT
5:59 PM
GMT
6:01 PM
GMT
6:03 PM
GMT
6:05 PM
GMT
6:07 PM
GMT

Scottish Food (all of these come from Wikipedia)
Arbroath Smokie is a type of smoked haddock – a speciality of the town of Arbroath in Angus,
Scotland.
Bannock is a variety of flat quick bread or any large, round article baked or cooked from grain.
When a round bannock is cut into wedges, the wedges are often called scones. However, in
Scotland the words bannock and scone are often used interchangeably.
Bridie or Forfar Bridie is a Scottish meat pastry that originates from Forfar, Scotland. The filling
of a bridie consists of minced steak, butter, and beef suet seasoned with salt and pepper.
They are similar to pasties, but because they are made without potatoes, are much lighter in
texture.
Black pudding is a type of blood sausage commonly eaten in Great Britain, Ireland and in other
parts of Europe. It is generally made from pork fat or beef suet, pork blood and a relatively
high proportion of oatmeal, in some recipes mixed with oat groats and sometimes even
barley groats.
Cock-a-leekie Soup is a Scottish soup dish consisting of leeks and peppered chicken stock, often
thickened with rice, or sometimes barley. The original recipe added prunes during cooking,
and traditionalists still garnish with a julienne of prunes. It is called "Scotland's National
Soup."
Clootie Dumpling a traditional dessert pudding made with flour, breadcrumbs, dried fruit
(sultanas and currants), suet, sugar and spice with some milk to bind it, and sometimes
golden syrup. Ingredients are mixed well into a dough, then wrapped up in a floured cloth,
placed in a large pan of boiling water and simmered for a couple of hours before being
lifted out and dried near the fire or in an oven.
Cranachan is a traditional Scottish dessert. In modern times it is usually made from a mixture of
whipped cream, whisky, honey and fresh raspberries, with toasted oatmeal soaked
overnight in a little bit of whisky.
Cullen Skink is a thick Scottish soup made of smoked haddock, potatoes and onions. An
authentic Cullen skink will use finnan haddie, but it may be prepared with any other
undyed smoked haddock.
Haggis is a savory pudding containing sheep's pluck (heart, liver, and lungs); minced with onion,
oatmeal, suet, spices, and salt, mixed with stock, traditionally encased in the animal's
stomach though now often in an artificial casing instead. According to the 2001 English
edition of the Larousse Gastronomique: "Although its description is not immediately
appealing, haggis has an excellent nutty texture and delicious savoury flavour"
Langoustine known variously as the Norway lobster, Dublin Bay prawn, or scampi, is a slim,
orange-pink lobster which grows up to 25 cm (10 in) long, and is "the most important
commercial crustacean in Europe"
Lorne Sausage, also known as square sausage or slice sausage, is a traditional Scottish food
usually made from ground meat, rusk and spices. It is commonplace in traditional Scottish
breakfasts.
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Mince and tatties is a popular Scottish dish, consisting of minced beef and mashed potato. It
sometimes contains other vegetables or thickening agents. It has had a longtime connection
to school dinners, while other chefs have attempted to modernize the dish.
Oatcake is a type of flatbread similar to a cracker or biscuit, or in some versions takes the form of
a pancake. They are prepared with oatmeal as the primary ingredient, and sometimes
include plain or wholemeal flour as well. Oatcakes are cooked on a griddle (girdle in
Scots) or baked in an oven.
Pastie is a baked pastry made by placing an uncooked filling, typically meat and vegetables, on
one half of a flat shortcrust pastry circle, folding the pastry in half to wrap the filling in a
semicircle and crimping the curved edge to form a seal before baking.
Porridge (also spelled porage, porrige, parritch) is a food made by boiling ground, crushed or
chopped starchy plants—typically grain—in water or milk. It is often cooked or served
with flavorings such as sugar, honey, syrup, etc. to make a sweet cereal or mixed with
spices, vegetables, etc. to make a savoury dish. It is usually served hot in a bowl.
Scotch Pie or Mutton Pie is a small, double-crust meat pie filled with minced mutton or other
meat.
Scotch broth is a filling soup, originating in Scotland but now obtainable worldwide. The
principal ingredients are usually barley, stewing or braising cuts of lamb, mutton or beef,
root vegetables (such as carrots, swedes, or sometimes turnips), and dried pulses (most
often split peas and red lentils). Cabbage and leeks are often added shortly before serving
to preserve their texture, colour and flavours.
Shortbread is a biscuit traditionally made from one part white sugar, two parts butter, and three
parts flour. Other ingredients like ground rice or corn flour are sometimes added to alter
the texture. Modern recipes also often deviate from the original by splitting the sugar into
equal parts granulated and icing sugar and many add a portion of salt.
Stovies is a Scottish dish based on potatoes and meat. Recipes and ingredients vary widely, but the
dish always contains potatoes, onions, other vegetables, sausages, roast beef, minced beef
or other meat. Stovies is thus a dish intended to use left-over food.
Tablet (taiblet in Scots) is a medium-hard, sugary confection from Scotland. Tablet is usually
made from sugar, condensed milk, and butter, which is boiled to a soft-ball stage and
allowed to crystallize. It is often flavored with vanilla or whisky, and sometimes has nut
pieces in it. Tablet differs from fudge in that it has a brittle, grainy texture, where fudge is
much softer. Well-made tablet is a medium-hard confection, not as soft as fudge, but not as
hard as hard candy.
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Scotland Drink
Non-alcoholic:
Irn Bru is the brand name of a caffeinated orange soda that outsells Coca-Cola and all other
competitors within the borders of Scotland. In fact, Irn Bru is so popular it's been called
"Scotland's Other National Drink," and is sometimes touted as a morning cure for the hangover
caused by imbibing in Scotch whisky the night before. The soft drink debuted in 1901 under
the label "Iron Brew"; the phonetic spelling of the name was adopted in 1947.

Alcoholic:
Beer
The following list is from: http://www.independent.co.uk/extras/indybest/food-drink/beer-ciderperry/best-scottish-beer-craft-bottled-a7409191.html published on 10 Nov 2016
1. Swannay, Old Norway, 8%: £3 for 330ml
2. Fyne Ales, Jarl, 3.8%: £2.60 for 500ml
3. Windswept, Wolf, 6%: £3.20 for 500ml
4. Caledonian Deuchars IPA, 4.4%: £1.80 for 500ml
5. BrewDog, Elvis Juice, 6.5%: £1.65 for 330ml
6. Harviestoun, Ola Dubh 12, 8%: £12 for 3 x 330ml
7. Islay Ales, Dun Hogs Head, 4.4%: £2.95 for 500ml
8. Tempest Brewing Co, Elemental, 5.1%: £1.85 for 330ml,
9. Williams Bros, Fraoch Heather Ale, 5%: £1.99 for 500ml
10. Stewart Brewing, Ka Pai, 5.2%: £2.70 for 500ml
Scotch Whisky
A more expansive guide for Scotch Whisky is given on page 40
Dambuie
Drambuie is a golden coloured, 40% ABV liqueur made from scotch whisky, honey, herbs and
spices. The brand had been owned by the MacKinnon family for a hundred years but was
bought by William Grant & Sons in 2014. It has been produced under contract at the Morrison
Bowmore Distillers facility at Springburn Bond, Glasgow since 2010. (from Wikipedia)
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THINGS YOU SHOULD BRING
You are allowed personal item, one carry one, and one checked bag (not to exceed 51 lbs), anything more
than this you will pay for yourself.
Most Important:
• Passport
• Driver’s License
Personal Items:
• Toiletries
• Van/Plane Entertainment (iPod, books, cards, small board games, etc.)
• UK Electrical adaptor (they use different plugs)
Clothes:
•
•
•
•
•
•
•

Good hiking boots or walking shoes
Rain jacket (think polyester and gore-tex)
Rain pants
Wool socks (good for long days of walking or hikes)
Sneakers
Some warm clothes (It will be wet and chilly, count on it)
Kilts (I’m looking at you Sam…)

Equipment:
• Camera and batteries
• Charger(s)
• Field Notebook
• Pencils/Pens
• Water Bottles
• Hand lens
I will likely bring a couple of rock hammers for us to share, so don’t worry about that.
Note: The airline limits you to a checked bag (not to exceed 51 lbs), a carry bag, and a personal
item. Anything beyond that will be at your own expense, but let’s stick with that, since we
are not going to have a ton of extra space in the vehicles.
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BRIEF ITINERARY
Day -1: Saturday, March 3rd, 2018 – Board flight
5:00PM: Leave Krebs Parking Lot
8:30PM: Arrive at Dulles Airport
10:30PM: Depart Washington Dulles (British Air BA0292) to London Heathrow
Day 1: Sunday, March 4th, 2018 – Arrive in Glasgow – Get to Edinburgh

10:40AM: Arrive in London Heathrow for a layover
1:05 PM: Depart London (British Air BA1484) to Glasgow
2:30 PM: Arrive in Glasgow, get rental cars, drive to Edinburgh and do some grocery shopping
Rental Place: Dollar Rent-a-Car
Car Rental Hall, Terminal Building,
St Andrews Drive, Paisley PA3 2ST, UK
5:00 PM: Grocery store
6:00 PM: Arrive in Edinburgh, take a nap, and then go out for a group dinner
Hotel: Cowgate Tourist Hostel
96 Cowgate
Edinburgh, EH1 2PW
Tel 44 808168 9610
http://www.hostelsinedinburgh.com/
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Day 2: Monday, March 5th, 2018 – Siccar Point, the Lammermuir Hills, and the Coast
8:00 AM: Breakfast in the hostel
8:30 AM: Leave Hostel
9:30 AM: Arrive at St Abbs Head – Folds fault adjacent to volcanics
10:30 AM: Siccar Point – Hutton’s Unconformity
12:00 PM: Have lunch out of the back of the van
1:00 PM: Dunbar – exposed volcanic necks in the sea cliffs
3:00 PM: North Berwick – Carboniferous Volcanics
5:00 PM: Return to the hostel
6:00 PM: Group dinner we will cook at the hostel

STOP 2.4
STOP 2.3

STOP 2.2

STOP 2.1

Day 3: Tuesday, March 6th, 2018 – Edinburgh Castle, Arthur’s Seat/St Andrews, and Edinburgh
City
8:00 AM: Breakfast in the hostel
8:30 AM: Walk to Edinburgh Castle – Castle tour
12:00 PM: Lunch at the hostel
1:00 PM:
Option #1 – Hike around Arthur’s Seat, a volcanic plug in Holyrood Park that Hutton
studied (10 minute walk from the hostel)
Option #2 – Drive to St Andrews to see the birthplace of golf (3 hr round-trip drive from
the hostel)
Option #3 – Explore Edinburgh (museums, shops, pubs…)
6:00 PM: Group dinner we will cook at the hostel
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Day 4: Wednesday, March 7th, 2018 – Stirling, Bannockburn, Dalradian Rocks, Distilleries,
Inverness, AND Jake’s 21st Birthday!

STOP 4.5

STOP 4.4

STOP 4.3

STOP 4.1
STOP 4.2

8:00 AM: Depart from Edinburgh and drive to Bannockburn/Stirling (1 hr drive)
9:00 AM: Drive around Stirling Castle – no tour this time
10:00 AM: The Battle of Bannockburn Visitor Center
12:00 PM: Lunch out of the van
12:30 PM: Leave Stirling
1:30 PM: Dunkeld and Little Glen Shee – Folded Dalradian sediments
2:15 PM: Clunes A9 Road Cut – Folded Dalradian sediments
3:00 PM: Speyside Distillery (http://speysidedistillery.co.uk/), The Cairgorms Brewery
(http://www.cairngormbrewery.com/), Dalwhinnie Distillery (https://www.malts.com/enrow/distilleries/dalwhinnie/), we each have to buy Jake a drink….
6:00 PM: Get to the hostel in Inverness
Ardconnel House
21 Ardconnel St,
Inverness, IV2 3EU
Telephone: +44 01463 240455
http://www.ardconnel-inverness.co.uk/
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Day 5: Thursday, March 8th, 2018 – Loch Ness and Isle of Skye

STOP 5.5
STOP 5.4
STOP 5.1
STOP 5.3

STOP 5.2

7:00 AM: Breakfast is included at this Hostel!
8:00 AM: Depart from the Ardconnel House
9:00 AM: The Loch Ness Centre & Exhibition
http://www.lochness.com/
11:00 AM: Lunch at the museum
1:00 PM: Carr Brae above Loch Duich – Forsteritic Marbles with diopside, garnet-biotite
gneisses, and possibly eclogites!!!!!!!!! But this might just be a view of Eilean Donan
Castle….
2:00 PM: Rubha' an Eireannaich, Broadford, Isle of Skye – mafic and felsic magma mingling
3:30 PM: Portree, Isle of Skye
6:30 PM: Arrive back to the Hostel
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Day 6: Friday, March 9th, 2018 – Glen Roy, Glencoe, Loch Lomond, and Glasgow

STOP 6.1

STOP 6.2

STOP 6.3

STOP 6.4
STOP 6.5

7:00 AM: Breakfast
8:00 AM: Pack up and depart from Inverness
10:00 AM: Glen Roy National Nature Reserve and the Darwin’s Parallel Roads
12:00 PM: Lunch in Glen Roy
1:00 PM: Glencoe and the Ballachulish Igneous Complex
- Quarry Centre Ballachulish Visitor Centre
http://discoverglencoe.scot/listing/the-quarry-centre/
2:30 PM: River Orchy – Various fold structure associated with the Udlaidh Syncline
3:30 PM: Loch Lomond – Tay Nappe of the Southern Highland Complex
4:30 PM: Dumbarton Rock – Basaltic Intrusions
5:30 PM: Get to the Hostel in Glasgow
Euro Hostel Glasgow, 318 Clyde Street, Glasgow, G1 4NR
Telephone: +44 141 222 2828
http://www.eurohostels.co.uk/glasgow/
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Day 7: Saturday, March 10th, 2018 – Isle of Arran or Hang out in Glasgow
Here we have some options –
1. Isle of Arran – Hutton’s unconformity and igneous rock features.
2. Back up to Loch Lomond and The Trossachs
3. Hang out in Glasgow – museums, shops, pubs…
I am writing it up for the Isle of Arran but we will see how we feel.

STOP 7.3
STOP 7.1

STOP 7.2

8:00 AM: Leave the hostel
9:00 AM: Board the Ferry (Ferry leaves at 9:45 AM)
10:30 AM: Corrie Shore – tilted strata and fossils
12:00 PM: Lunch in Brodick
2:00 PM: Dumadoon – igneous intrustions
3:00 PM: Lochranza – Hutton’s Unconformity
4:30 PM: Board the Ferry (Ferry leaves at 4:40 PM)
Day 8: Sunday, March 11th, 2018 – Fly back to DC
6:00 AM: Leave hostel to return the cars and for the airport
8:55 AM: Depart from Glasgow (British Air BA1447) to London Heathrow
10:25 AM: Arrive in London
11:25 AM: Depart for Washington Dulles (British Air BA0217)
3:50 PM: Arrive in Washington, DC-Dulles (IAD)
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INTRODUCTION
Basic Geologic Background
The following are notes from a short lecture Dr Kerrigan gave about the geology of Scotland.
Additionally, portions were taken from online guide (www.geowiss.uni-mainz.de/685_ENG_HTML.php)
General Notes:
− It is country part of the UK
− Cover the northern 1/3 of the
island of Great Britain (30, 090
mi2) same size as South
Carolina or 2/3rds of PA.
− highest point is Ben Nevis,
Lochaber (4,413 ft)
Physiographic Units:
Outer Hebrides and Northwest
Highlands:
· Ancient rocks Precambrian granites
(Lewisian granites) and
sandstones (Torridonian)
· Far north Shetland
Islands (Unst) has an
ophiolite sequence from
the Iapetus Ocean that is
one of the type examples
of a “black-wall zone”
Northern Highlands:
· The Moine Group, the
Old Red Stone and some
intrusions
· Laurentain terranes
Grampian Highlands:
· Lots of igneous rocks
intruding the Dalradian
formation
· Laurentian terranes
Midland Valley:
· Intermediate accreted
terranes
Southern Uplands
· Intermediate accreted
terranes
13
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The map shows the
distribution of regional
metamorphic zones in Scotland.
The majority of Scotland
enjoyed Barrovian
metamorphism that reflects a
‘normal’ crustal geotherm
(moderate dP/dT), characterized
by the kyanite to sillimanite
transition in metapelitic
rocks. Metamorphism in the
Buchan area in the NE was at
lower P, and is characterized by
the andalusite to
sillimanite transition in
metapelitic rocks.
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Scottish Regional Metamorphism - Barrovian
The Dalradian Supergroup of the Grampian Highlands is a thick sequence of deformed and
metamorphosed sediments (mainly marine) and volcanics deposited between approximately 800 Ma and
500 Ma. The Dalradian block is structurally bounded to the north by the Great Glen Fault and to the south
by the Highland Boundary Fault (Fig. 1). The rocks were affected by the complex Grampian Orogeny, the
result of the early stages of closure of the Iapetus Ocean during the early to mid- Ordovician.
George Barrow (1853 - 1932) was a British geologist and is one of the all-time superstars of
metamorphic geology. In one of the most important metamorphic studies in history (published in 1893),
he was the first to map a metamorphic field gradient by determining a sequence of metamorphic zones in
the Scottish Highlands (see Fig. 2). Every first appearance of an index mineral was taken by Barrow as
the beginning of a new metamorphic zone. The lines connecting the first appearance of a mineral and
separating the zones are isograds. The age of peak metamorphism is now constrained to 465-470 Ma (i.e.,
Ordovician).
The underlying principles of metamorphic zones were later clarified by the Finnish geologist
Pentti Eskola, who introduced the concept of the metamorphic facies. The zones as mapped by Barrow
with increasing grade:
Zone of digested clastic mica (now the Chlorite Zone)
quartz-chlorite-muscovite-plagioclase
Biotite Zone
quartz-chlorite-biotite-muscovite-plagioclase
Garnet Zone
quartz-muscovite-biotite-garnet-plagioclase
Staurolite Zone
quartz-muscovite-biotite-garnet-staurolite-plagioclase
Kyanite Zone
quartz-biotite-muscovite-garnet-kyanite-plagioclase
Sillimanite Zone
quartz-biotite-muscovite-garnet-sillimanite-plagioclase

Barrow believed the zones resulted from the heat from the small granitic intrusions found in the
high-grade zones. Another geologist, C.E. Tilley, working on the same rocks in a different area suggested
that the temperature of each zone was largely determined by the depth of burial. Tilley (1924) suggested
that the isograds mark rocks originating under closely similar P-T conditions, essentially what we believe
today.
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Scottish Regional Metamorphism - Buchan
The Buchan Facies Series of regional metamorphism is characterized by the widespread
development of andalusite and cordierite in metapelitic rocks, indicating that the conditions of
metamorphism were at lower P than those of the Barrovian Facies Series. Once again, the type locality of
Buchan metamorphism is the Dalradian of Scotland.
The Buchan is characterized by the following metamorphic zones:
Biotite Zone
(Greenschist Facies)
Cordierite Zone
(Amphibolite Facies)
Andalusite Zone
(Amphibolite Facies)
Sillimanite Zone
(Amphibolite to
Granulite Facies)
We will not be able to
make to the Buchan zone on
this trip but maybe some future
trip where we could look at
these classic rocks, examining
the classic low-P metamorphic
zones and associated
assemblages developed in
metapelitic and calc-silicate
rocks. We will see partially
melted rocks (migmatites),
meta-gabbros and associated
contact metamorphic rocks,
amphibolite-facies shear-zones,
sedimentary structures and
much else.
Perhaps the world’s
best-exposed regional isograds
occur within the coastal section
around Banff.
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Geologic History:
The NW Highlands of Scotland contain a spectacular diversity of rocks recording three billion
years of earth history. They also offer insights on ancient environments, the processes that formed ancient
mountain ranges and the erosion of these landscapes. In more recent times the landscape has been
sculpted by ice-sheets, which speak of climate changes during human existence.
One of the key features of the geology of NW Scotland relate to an ancient period of mountain
building – the Caledonian. This ancient chain once included most of northern Britain. The most striking
effects of the Caledonian system are shown by rocks in the Scottish Highlands. Rocks are tightly
contorted and strongly recrystallised by the heat and pressure to which they were once subjected. But not
all of Scotland was caught up in the Caledonian mountain belt. The Caledonian “Foreland zone” (Fig. 1
inset) is a tract of geology that preserves a history of geological events much older than the Caledonian.
The edge of the Caledonian mountain belt (the so-called “Caledonian front” that limits the foreland) runs
from Durness – on the Scottish north coast, down to Skye
Archean and Proterozoic – Part of Laurentia
Lewisian gneisses (Northwest Highlands)
· some of the oldest rocks in Europe (3 Ga)
· Mainly metamorphosed Anorthosites in the northwestern portion
The oldest rocks in the British Isles are the Lewisian gneisses. These ancient rocks
show evidence for a long history of shearing, recrystallisation and igneous activity. All this
points to episodes of ancient mountain building. Lewisian rocks are found in the Outer
Hebrides and along parts of the NW Scottish mainland (Fig. 1). The oldest material is
termed “Scourian” – named after the village of Scourie in Sutherland. Most of this material
probably started as various types of igneous rock - most likely the roots of old volcanoes
such as in modern Japan. The old magma chambers have been highly deformed and
metamorphosed forming orthogneiss.
In the Lewisian the oldest crust formed about 3000 to 2700 million years ago. The
shearing that reshaped the crust happened about 2450 million years ago, in an event called
the “Badcallian”. After the Badcallian, the gneisses were split and intruded by sheets
(dykes) of igneous rocks about 2400 million years ago and again at about 1900 million
years ago. These intrusions, collectively known as the Scourie dykes, have a basic
composition and must have come from melting part of the upper mantle – perhaps during a
weak rifting episode. The gneisses and dykes were then sheared and metamorphosed again.
The last serious activity in the Lewisian happened about 1800 million years ago, during the
so-called Laxfordian orogeny. In places the shearing associated with this has smeared all
the old Lewisian constituents (like dykes and gneissic banding) into parallel and is
associated with local melting (migmatisation), with granitic dykes invading parts of the
crust.
Torridonian sandstones (Northwest Highlands)
· Proterozoic (1.2-0.85 Ga) sandstone laid down on top of the gneisses
When the Lewisian gneisses got to the earth's surface - about 1000 million years ago the uplift and erosion had worn away much of the older mountain ranges. However, out to
the west of mainland Scotland there were mountains of Lewisian gneiss and these shed
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debris eastwards. The material piled up and as the Torridonian succession, which is mainly
red (i.e., oxidised) sandstone. This material covered the Lewisian preserved as an
“unconformity”, representing the Earth's surface at the time the Torridonian was deposited.
The detritus probably piled up to over 8 km thick but much of this has since been eroded.
The detritus that formed the Torridonian sandstone was carried by rivers and, the channels
of which are still preserved in places
Moine (Northern Highlands)
· Shallow water sediments deposited (980-870 Ma), birth of Iapetus Ocean
· Folded in 780 and 480 Ma thrusted 430 Ma
Dalradian (Grampian Highlands)
· All types (800-500 Ma) – from shallow then deeper seds but also lavas
· Folded and metamorphosed at 470
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Woodcock and Strachan, 2000

Cambrian – Part of Laurentia
Sed rocks deposited in Northwestern Highlands
After the Torridonian, the next preserved rocks are of Early Palaeozoic, a period of
dramatic explosion in life on Earth. The oldest of these rocks are the Cambrian basal
quartzites. The quartzites are almost pure quartz probably representing deposition in very
shallow seas in which the activity of tides and currents are recorded as cross-bedding. The
unconformable junction with the Torridonian below is almost flat, suggesting the
Torridonian had been nearly completely eroded following a marine transgression. The top
part of the quartzites (the Pipe Rock) contains burrows - the oldest expressions of life in
NW Scotland. These pipes, a type of trace fossil called Skolithos, were probably formed by
worms burrowing into the sand. The effect of burrowing was to destroy much of the
depositional structure in the quartzites and cross-bedding is only rarely preserved in the
Pipe Rock. Collectively the quartzites attain a thickness of about 160 metres.
The next rocks are called the Fucoid Beds. These sediments are brown-coloured in
outcrop and often have mosses covering them and may look like bits of rotten tree in small
outcrops. Irregular features in these rocks are another form of trace fossil – probably a
grazing trail of a small beast on the old sea bed. The Fucoid Beds contain lots of different
types of trace fossil but are most important for containing rare body fossils – particularly of
the Cambrian predators, trilobites. These rocks are about 520 million years old and again
record a shallow marine (maybe lagoonal) environment. The Fucoid beds are overlain by
clean, coarse-grained quartzites with vertical burrows. The unit contains small (2mm)
spiral shells which gives the unit its name – the Salterella Grit. Collectively the Fucoid
Beds and Salterella Grit are only about 25m thick.
The grits pass up into
limestones and dolomites of the
Durness group. The carbonates
have a cumulative thickness of
over 1 km but in general only
the lower few tens of metres
are preserved. Although much
of the Durness has been
recrystallised it is still possible
to recognise traces of feeding
burrows, algal mats and
filaments together with small
scours and carbonate grains
called ooids. All these features
are indicative of deposition in a
shallow sea. Fossil evidence
suggests that the carbonates
began to accumulate towards
the end of the early Cambrian
but it continued on, with
breaks, for a further 50 million
years, into the Ordovician
period.
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Ordovician – Part of Laurentia
· Limestones/deep water rocks deposited in Southern Uplands
· Laurentian coastal margin on the Iapetus
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Silurian – Part of Laurentia
· Collision of Avalonia and growth of the Caledonides
· Greywackes scraped off trench area in Southern Uplands
· Igneous activity in the Midland Valley
· By the end of the Silurian Great Britain is fully connected

Fossen, 2010
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Devonian
· Scotland is in the interior of a continent
· Desert Redbeds deposit – the Old Red Sandstone – contemporaneous with the Catskill
Red Beds in NY and New England
· Lavas and Granites ~400 Ma
Carboniferous
· Volcanoes in the Midland Valley and the Southern Uplands
· Variscan mountains form in the south – last orogeny completing Pangea
· Desert Redbeds deposit – the Old Red Sandstone – contemporaneous with the Catskill
Red Beds in NY and New England
· Lavas and Granites ~400 Ma

Permian
·

Volcanoes in the Midland Valley, Erosion in the uplands

Triassic
·

Desert conditions persist - stable
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Jurassic
·
·

Break up of Pangea - marking the beginning of Scotland’s separation with Laurentia
shallow water limestones deposited (oil shales too)

Cretaceous
· Continued splitting and drifting
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Paleogene
· Volcanism in the west
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Major Faults:
Moine Thrust
· Separates the NW Highlands/Islands from the Northern Highlands
· Precambrain but reactivated during Caledonian (Devonian)
· Classic thrust fault ~100 km of motion (NW) moving Moine and Dalradian rocks on top of
Lewisian basement and younger sed rocks
· Imbricate structures, duplexes, mylonites, etc.
· First true description of a thrust fault

Fossen, 2010
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Great Glen Fault
· Separates the Northern Highlands from the Grampian Highlands
Highlands Boundary Fault
· Separates the Grampian Highlands from the Midland Valley – truly the highlands from the
lowlands
· Transpressive and sinestral with little movement
· Associated with the Acadian Orogeny - Devonian
Southern Uplands Fault
· Separates the Midland Valley from the Southern Uplands
Solway Line
· Separates the Southern Uplands from the Leinster-Lakesman (England)
· Break off from interterrains and Avalonian/Gondwanan terrains
· Site of the former Iapetus – suture line
Orogenies:
Acadian
· Microcontinent breaks off of Gondwana and collides with Baltica (slightly) and then docks
on Laurentia
Caledonian
· Assembly of Pangea – contiguous with the Appalachian/Alleghenian orogeny
· Closure of Iapetus
Grampian
· Main phase of the Caledonian Orogeny and specifically refers to the collision of Baltica
and Laurentia - Devonian
Variscan (or Hercynian)
· Basically one of the last orogenies to form Pangea
· Euramerica (Laurussia) and Gondwana
Physiographic Units:
Outer Hebrides and Northwest Highlands:
· Ancient rocks (Precambrian)
· Far north Shetland Islands (Unst) has an ophiolite sequence from the Iapetus Ocean that is
one of the type examples of a “black-wall zone”
Northern Highlands:
· The Moine Group, the Old Red Stone and some intrusions
· Laurentain terranes
Grampian Highlands:
· Lots of igneous rocks intruding the Dalradian formation
· Laurentian terranes
Midland Valley:
· Intermediate accreted terranes
Southern Uplands
· Intermediate accreted terranes
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GENERAL INFORMATION
Scientific Value of Scotland’s Geodiversity
The following is an excerpt from:
Gordon, J.E. & Barron, H.F (2011). Scotland’s geodiversity: development of the basis for a
national framework. Scottish Natural Heritage Commissioned Report No. 417.
Scotland’s rocks and landforms are a key asset of national and international importance for a
number of reasons:
- geological diversity - reflecting the length of the preserved geological record, plate tectonic
history and diversity of palaeogeographies, palaeoenvironments and geological processes and
the extent to which these phenomena are exposed at surface and so accessible for observation
and study;
- Scotland’s role in the history of geology;
- understanding past geological processes (e.g. volcanism, crustal deformation) and their
modern counterparts;
- records of palaeoenvironmental conditions, palaeogeography, and structural and metamorphic
evolution now preserved in sedimentary, igneous and metamorphic rock units covering the last
billion years;
- rich and diverse fossil record that spans critical moments in evolution;
- ice age environmental change and landscape modification;
- postglacial and contemporary geomorphological processes, including soil formation.
Areas such as the NW Highlands, Glen Coe, Rum and Arthur’s Seat in Edinburgh have all
provided crucial evidence for interpreting past geological processes of global significance. In the NW
Highlands, the work of Sutton & Watson (1951) on the Lewisian Gneiss Complex laid much of the
groundwork for unravelling the geological history of poly-deformed gneissic terrains. Following
Lapworth’s recognition that thrusting could occur on a crustal scale in the Loch Eriboll area, Peach &
Horne (Peach at al., 1907) mapped and described the Moine Thrust Belt, probably, the most famous of the
major Caledonian structures. Geological mapping of the Glen Coe area, early in the 20th century, revealed
volcanic rocks of Devonian age attributable to cauldron subsidence, the first example of this volcanic
feature to be identified and described in the older geological record (Clough et al., 1909). The Tertiary
volcanic geology of Rum has yielded much information on the processes taking place in the environment
of the magma chamber, with the development of theories relating to the origin of layering in igneous
rocks (e.g. Wager & Brown, 1968). The Arthur’s Seat volcanic complex (Figure 2.3) provided key
evidence supporting the theories of James Hutton, who demonstrated that igneous rocks were emplaced as
a hot fluid magma, rather than being formed as sedimentary deposits. Such evidence laid the foundations
for the development of modern geology. Arthur’s Seat is still regarded as an excellent example of a
dissected ancient volcano (Upton, 2003) and one which attracts geologists from around the world; as do
the other examples cited above and many others.
Scotland’s rocks also provide outstanding records of palaeoenvironmental conditions and
palaeogeography preserved in sedimentary rock formations covering the last billion years. For example,
at Cailleach Head in Sutherland (Figure 2.4), a section through the youngest sediments of the
‘Torridonian’ succession represents the best example of cyclothemic sedimentation in Britain (Stewart,
2002). These c. 1000 million year old sedimentary rocks comprise around 20 units of lakebed shales and
silts, interspersed with alluvial fan deposits.
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Figure 2.4 Hutton’s section at Salisbury Crags,
Edinburgh. (Photo: Colin MacFadyen).

Figure 2.5 Cailleach Head, Sutherland. (Photo:
Colin MacFadyen).

The Highlands and Islands and the
Southern Uplands form the type area of the
Caledonide orogeny and provide evidence of
their complex structural and metamorphic
evolution between 1000 and 400 million years
ago. This occurred when Scotland lay near to,
or on, the margin of a large continental mass
called Laurentia, which included Greenland
and North America.
Equally, Scotland’s fossil heritage has
had a crucial role in studies of the evolution of
the plant and animal kingdoms. Although
metamorphic and igneous rocks underlie more
than half of Scotland’s area, the remaining
sedimentary rocks, especially the Palaeozoic
and Jurassic sequences, contain rich fossil
assemblages of immense diversity, some of
which are unique. These have yielded the
world’s oldest known vertebrate (Dineley &
Metcalf, 1999), a rich diversity of early
amphibian remains (Milner & Sequeira,
1994), one of the earliest known reptilians –
Westlothiana lizziae (Smithson et al., 1994),
the oldest known example of an in situ
fossilized terrestrial ecosystem (hot spring), in
the form of the Rhynie Chert (Cleal & Thomas, 1995), and some of the earliest mammal remains
(Waldman & Savage, 1972). Scotland is also of great importance in the history and development of
palaeontology through the work and publications, for example, of Louis Agassiz and Hugh Miller on the
fossil fishes of the Old Red Sandstone (Agassiz, 1835; Miller, 1840) (Figure 2.5).
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Evidence from Scotland is crucial for studies of Quaternary glaciation (the Ice Age of the last 2.6
million years). Scotland lies at the maritime fringe of NW Europe, in a region that is climatically
sensitive due to its proximity to the atmospheric and marine polar fronts and the North Atlantic Drift. The
diverse landform and depositional records of Scotland and the adjacent continental shelves are potentially
of great value for understanding the coupling of the atmosphere, oceans, ice sheets and biosphere during
periods of rapid climate change in this region (Gordon & Sutherland, 1993; Bradwell et al., 2008; Stoker
et al., 2009). In particular, there is the opportunity to link terrestrial and offshore evidence with the high
resolution Greenland ice core and deep-sea records (e.g. Scourse et al., 2009). The wealth of information
relating to the period following the Last Glacial Maximum and the termination of the last glacial cycle, a
time of remarkably rapid environmental change, now provides unprecedented opportunities to reconstruct
climate change and to assess the sensitivity of geomorphological and biological systems, as reflected in
glacier dynamics, sea-level fluctuations and changes in terrestrial and marine biota (Lowe & Walker,
1997).

Figure 2.6 Achanarras
Quarry, Caithness, is a
world-class locality for
Devonian (Old Red
Sandstone) fossil fish.
(Photo: R. Davidson).

Quaternary palaeoenvironmental records preserved in loch sediments, peat bogs and coastal and
estuarine sediments are important in setting current environmental changes into a longer-term context,
particularly the effects of climate variability on the landscape, sea level and ecosystems, and in assessing
scenarios of future change (e.g. Edwards & Whittington, 2003; Walker & Lowe, 2007). From these
records it is possible to understand how climate, physical processes, sea level and habitats have changed
in the past and hence evaluate current observed or anticipated changes in both geomorphological and
ecological systems in that context (cf. Birks, 1997; Werritty & Leys, 2001; Willis & Birks, 2006; Willis
et al., 2007, 2010a, b; Froyd & Willis, 2008; Davies & Bunting, 2010; Geherls, 2010). In turn, this may
help inform conservation management and the potential for recovery from human impacts. For example,
such records should allow an assessment of the extent to which projected changes arising from global
warming and sea-level rise are likely to lie within the range of natural changes that have occurred within
the Holocene, or to what extent significant thresholds are likely to be crossed, which may have economic
and social costs as well as environmental implications through increased frequency of storm events or
flooding.
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James Hutton: A man ahead of his time
The following is taken from:
Lothian and Borders RIGS Group, (date unknown) James Hutton: A man ahead of his time.
Lothian and Borders RIGS Group Leaflet, 4 pgs.
Introduction
Scotland between the years of 1730 and 1790
enjoyed a spell of intense intellectual activity known as
the Scottish Enlightenment - a unique period in history,
one of optimism, improvement and discoveries in
industry, commerce, agriculture, science and the arts.
James Hutton grew up during this period and made
a considerable contribution to our understanding of Earth
processes and of the immensity of Time. He was a
landowner, farmer, agriculturalist, physician, and an
outstanding natural philosopher who was elected to the
Royal Society of Edinburgh. Hutton, of course pre-dated
photography so the only clues we have as to his
appearance come from painting and sculpture, not all of
which can be considered life-like.
From the portrait by Sir Henry Raeburn
Founder of Modern Geology
(1726 – 1797)

Hutton is depicted with a hammer in his right hand and
rock specimen in his left (sculptor David Watson Stevenson). On
his left is John Hunter the renowned surgeon and anatomist. The
building stone is red, wind-blown, desert sandstone of Permian
Age (286-248 million years old) from Dumfriesshire.

James Hutton's Theory
The surface of the Earth is constantly being eroded and
the products deposited in the sea. Hutton believed the sediments
were then compressed, folded and uplifted, sometimes with
volcanic activity, for the cycle of erosion to resume. He also said
that earth processes of the past were similar to those acting at
present (a prevalent idea - Comte de Buffon 1790), and that the
slow cycle was capable of repeating itself. He put it succinctly: “
the result, therefore, of our present enquiry is that we find no
vestige of a beginning - no prospect of an end.”
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James Hutton Memorial Garden
This marks the site of James
Hutton's Edinburgh home
on St John's Hill in the
Pleasance above Holyrood
Road.

A plaque at the entrance from the car park at Edinburgh University Centre for Sport and Exercise
reads:- This memorial garden was constructed in 2001 for the University of Edinburgh and marks the site
of the house and garden of James Hutton (1726 - 1797) at St. John's Hill. The garden contains a memorial
plaque and five boulders (indicated on the key below) which illustrate two main themes of Hutton's
geological work.
Hutton used the presence of granite veins in metamorphosed sedimentary schist in Glen Tilt near
Blair Atholl to demonstrate that granite is an igneous rock and that it must have been younger than rocks
it penetrated. The granite veins can be seen in the two boulders from Glen Tilt. The three other boulders
are conglomerate from Barbush near Dunblane and are full of fragments of older rocks, demonstrating the
continuity and cyclic nature of geological processes.
Memorial garden boulders.
The two lower boulders from Glen Tilt
came from close to the actual spot investigated
by Hutton. They show granite veins penetrating
the country rock. The upper boulder is full of
fragments of pre-existing rocks from a previous
cycle of erosion.

Salisbury Crags Sill - Hutton's Section in Holyrood Park, Edinburgh
A key site in his new understanding of geology is at
the south end of this escarpment formed by the intrusive
dolerite sill that is over 300 million years old. Hutton
associated 'extreme heat' as the agent of folding and uplift
of strata. The question as to what produced the heat could
not be answered at that time. In Hutton's own words “We
know that the land is raised by a power which has for its
principle subterraneous heat, but how that land is preserved
in its elevated station, is a subject which we have not even
the means to form a conjecture.” He believed that molten
rock (magma) under pressure could be 'intruded' between
or across layers of sedimentary rocks, sometimes reaching
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the surface as lava flows. He found evidence to support this in Holyrood Park. The photograph shows a
section of the Salisbury Crags sill where igneous rock (called whinstone locally) has been intruded
between sedimentary layers. Here at the base of the sill magma has forced its way into the underlying
sedimentary strata. Such a dynamic contact feature is incompatible with the then contemporaneous view
that igneous rocks 'crystallised like salt from sea water'.
North Newton shore, Arran 1787
Hutton discovered his first unconformity site in the summer of 1787. This site displays an angular
unconformity between steeply inclined metasedimentary rocks of the Precambrian Dalradian Supergroup
(600my. old) and the much younger sedimentary rocks of the latest Devonian / earliest
Carboniferous Kinnesswood Formation (360my. old). The exposure is unusual in having a calcreted
'surface' in both series of rocks suggesting a long period of exposure of the unconformity surface in a hot
semi-arid climate when the younger rocks started to be laid down.
Inchbonny, Jedburgh (photographed in 2001)
Here, at the second of his unconformity sites, at Inchbonny, Hutton found nearly vertical sedimentary
strata with horizontal Upper Old Red Sandstone red beds on top. He concluded that the vertical beds must
have been raised above the surface of the ocean , subjected to the levelling effect of weathering and
erosion before sinking below sea level when a new set of sediments mainly sandstones and mudstones
were deposited on top. Hutton was wrong in one detail. At none of his sites of unconformity are the
directly overlying rocks of marine origin but they are in fact fluvial.
Siccar Point near Cockburnspath 1788
Hutton believed that cyclic processes (similar to orbits in astronomy, and blood circulation in the body)
operated in the Earth. He saw weathering and erosion denuding the land and producing sediments under
the sea which then consolidated into rock. The cycle was continued through uplift with the necessary
energy supplied by internal heat. He thought of the Earth as a dynamic heat engine capable of helping to
drive the cycle. The most convincing proof of his cyclic theory was obtained on the Berwickshire coast at
Siccar Point, the third of his unconformity sites which he visited with Sir James Hall and John Playfair.
Silurian sediments were laid down and consolidated into poorly sorted sandstones (greywackes). These
rocks were uplifted, folded and eventually eroded. Deposition of fresh red Upper Old Red Sandstone
sediments took place during the following geological period of the Upper Devonian. The rock cycle
continued, resulting in the present day picture. In this spectacular exposure, the gap in time represented by
the unconformity is about 55 million years!
Hutton's farmhouse at Slighhouses near Duns, Berwickshire.
At the start of the 18th century agriculture was still rather primitive in Scotland with heavy wooden
ploughs, no hedges or fences, and a 'runrig' system of scattered strips of cultivation. Between 1697 and
1703 there were periods of famine in the land, and harvest failures. This farm and that at Nether Monynut,
eight miles away were inherited by Hutton. From 1754 to 1767 he chose to live at Slighhouses. He set
about enclosing and draining the land. He introduced new methods of crop rotation and ploughing, with
modern ideas he had seen in practice in Norfolk and Flanders. During this time he never lost his
enthusiasm for solving geological problems. Slighhouses Farm is on Upper Old Red Sandstone
sedimentary rocks (370my. old) with a superficial cover of glacial till deposited during the last ice age
about 27000 -13000 years ago.
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Hutton's Marl Pit.
Hutton used Slighhouses as a living laboratory to investigate agriculture and other natural history
phenomena. The marl pit he created is still in evidence, and he wrote of using marl (limey mud) on his
fields to improve crop yield. He was not always successful as some of the marl was not limey.
Collegiate Church. (15th century Gothic)
This is the resting place of Sir James Hall of Dunglass, geologist and chemist, (1761 - 1832). He admired
Hutton, while not accepting the enormous periods of time required for Hutton’s Uniformitarian view that
geological history is a matter of ordinary forces and unlimited time. In 1798 Sir James Hall investigated
the action of heat and pressure on rocks. The Wernerians had pointed out that basalt, when heated and
cooled in experiments, turned to glass not crystalline rock, therefore basalt must be a precipitate from a
universal ocean.
Hall allowed molten basalt to cool very slowly, and it reformed as crystals not as a glass. By experiment,
he showed the igneous nature of basalt and granite. In 1785, the Church held that the age of the Earth was
nearly 6000 years. Bibles published in 1793 were annotated to that effect.
Hutton roof, National Museum of Scotland.
Andy Goldsworthy's four sandstone blocks invite us to look down through the layers of time and think of
their formation from desert sands 270 million years ago, and yet again to the origin of the sand grains
from erosion in periods even farther back in time.
Hutton's grave in Greyfriars Churchyard Edinburgh.
His grave in the Balfour family vault in the section known as the Covenanters' Prison was unmarked until
November 1947 when a simple plaque was erected marking the 150th anniversary of Hutton's death. In
1997 a Bicentennary International Conference was held in Edinburgh, a wreath laid, and a eulogy spoken
by Professor Donald McIntyre which finished with these words:- “ Today we have come to know that
living creatures evolve, that continents drift, that stars and galaxies are born, mature, grow old and die.
We salute the memory of James Hutton, who opened our minds to these wondrous possibilities.”
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The Scotch Whisky Guide
This was an online article published in the Gentleman’s Gazette in 2014
Shapira, J.A., 2014, The Scotch Whisky Guide. Gentleman’s Gazette, January 21, 2014
https://www.gentlemansgazette.com/the-scotch-whisky-guide/.
The History of Scotch Whisky
The first written mention of Scotch was found scribed on June 1st, 1495 in Volume X on page 487 of
the Exchequer Rolls of Scotland where it reads “To Friar John Cor, by order of the King, to make aqua
vitae VIII bolls of malt”. The Exchequer Rolls were records of all royal income and expenses. In this
particular entry, it documents that Cor was given eight bolls of malt to make aqua vitae throughout the
months of 1494. What this shows is that despite being the earliest written reference, distillation was well
under way come the fifteenth century. If we only take into account the eight bolls given to Cor in 1494,
we can estimate that 1500 bottles of whisky were produced that year. Evolving from a Scottish drink
called uisge beatha (meaning “water of life”), whisky began to circulate throughout the country, causing
policymakers to begin taxing it come the year 1644. Unfortunately, despite the government’s attempt to
regulate and draw income from such a popular drink, distillers began to sell it illegally and sales
flourished across Scotland. By 1780 there were eight legal distilleries in all of Scotland competing against
more than four hundred bootleg operations. By 1823 Parliament realized that in order for the legal
producers to be able to compete with the pirates, they would have to ease restrictions and this decision is
what gave birth to the famous ‘excise act’.
The popularity of whisky swelled again in 1831 with the invention of the column still. Now, thanks to
new technology, distilleries were able to mass produce a smoother spirit at a significantly lesser cost.
Then in 1880, Scotch whisky became a global phenomenon thanks to a new microscopic insect that
preyed on the grape vines in France. Since wine and brandy were considered two of the most popular
drinks of the day, when the phylloxera bug began to destroy vineyards across France, wine and brandy
production came to an almost immediate halt. With alcoholics around the world craving a substitute, the
doors to the global marketplace opened wide for Scotland’s distillers and Scotch whisky became the
world’s new popular drink.
Types of Scotch Whisky
There are two main types of Scotch whisky; single malt and single grain. From those two types, three
sub categories are formed. Those categories are blended Scotch, blended malt Scotch and blended grain
Scotch.
Single Malt
Single malt Scotch whisky is today, the most popular choice in North American homes. This is an
aged whisky made by a single distillery using only malted barley and water. It contains no other cereals
and must be distilled, produced and bottled in Scotland.
Single Grain
Single grain
Scotch whisky is less commonly found on the shelves of your local liquor store. It starts out with
water and a malted barley but then has additional whole grains or cereals added to it which prevents it
from complying with the laws that would permit it to be called single malt. Just like with single malt
Scotch, it too, has to be bottled in Scotland in order for it to be able to use the “Scotch” name. It is this
type of Scotch that most blended Scotch whisky is made from.
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Blended Scotch
A blended Scotch whisky is made from at least one or more single malt Scotch whiskies that is
blended together with a single grain Scotch whisky.
Blended Malt Scotch
A blended malt Scotch is actually one of the most uncommon types of Scotch that can be found today.
Previously called a “vatted malt” or a “pure malt” it is when the blender takes two or more single malt
Scotch whiskies from at least two separate distilleries and blends them together to create one batch of
whisky.
Blended Grain Scotch
A blended grain Scotch is similar to that of a blended malt, except it utilizes two or more single grain
Scotch whiskies from at least two separate distilleries. They are then blended together to create a single
batch of whisky.
Double Malt Scotch
Many people have heard of a whisky referred to as a “double malt” Scotch. It should be noted that
these do not actually exist. Whenever a bottle of single malt Scotch is referred to as “double malt” or
“triple malt” it simply means that it was aged in two or more types of casks. The true term for this is
double wood or triple wood. This is very common in the whisky world and despite being aged in multiple
casks, it still remains in the single malt category.
The Name
While most consumers have a general understanding that Scotch whisky must always be from
Scotland, few actually know the legal requirements behind naming a bottle of whisky “Scotch”. The title
of “Scotch” is defined and regulated by a document created on November 23, 2009 called the “Scotch
Whisky Regulations 2009” or SWR. Not only regulating production, the act also governs the labeling,
packaging and the advertising of Scotch whisky within the United Kingdom. The SWR is a complete
replacement of the previous regulations which focused exclusively on the production process. While the
SWR is technically only valid within its jurisdiction, international trade agreements have been put in place
which effectively makes some provisions of the SWR apply in countries outside the United Kingdom.
The document defines Scotch whisky in the following manner:
1: Must be produced at a distillery in Scotland from water and malted barley (to which only whole
grains of other cereals may be added) all of which have been:
– Processed at that distillery into a mash
– Converted at that distillery to a fermentable substrate only by endogenous enzyme systems
– Fermented at that distillery only by adding yeast
– Distilled at an alcoholic strength by volume of less than 94.8% (190 US proof)
– Wholly matured in an excise warehouse in Scotland in oak casks of a capacity not exceeding
700 litres (185 US gal; 154 imp gal) for at least three years
2. Scotch whisky must retain the color, aroma and taste of the raw materials used in, and the
method of, its production and maturation.
3. It may not contain any added substances, aside from water and plain (E150A) caramel coloring.
4. It must comprise a minimum alcoholic strength by volume of 40% (80 US proof).
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The Production Process
The production of Scotch whisky begins with water. It is for this reason that many of the distilleries
still found today are located adjacent to pure water sources such as a river or even a borehole. While
transportation is far more effective today, when the vast majority of Scottish distilleries were erected,
having to transport large quantities of fresh water proved to be difficult, thereby requiring the distilleries
to be built near a plentiful source.
One of the things that separates Scotch whisky from other whiskies is that the water in Scotland tends
to be much softer with significantly lower mineral and calcium contents. For the distilleries located on the
west coast of Scotland, particularly on the islands, the water has a much higher peat content due the water
running through peat bogs, which cause it to have a slightly brown tinge. While there is no direct evidence
to suggest this natural peat effects the flavor of the whisky, many distilleries believe it to be special, and
for that reason they are very protective of their water supply.
While there is no legal obligation to use Scottish barley to produce Scotch whisky, the vast majority
of barley used to make whisky around the world is from Scotland, therefore making it cost effective to
utilize local barley.
Once the water is collected it’s used in a variety of ways, the first of which is often to malt the barley.
In order to successfully malt barley, the grains are soaked in the water which causes the starch to convert
into a type of sugar called maltose which feeds a process known as Germination.
Over the next six days little shoots begin to grow all over the grains which lets the producer know the
barley is ready to be dried. To do this, the distillery will elect to use hot air or peat smoke to dry out the
grains which stops further growth of the shoots and prevents it from rotting. While the majority of
distilleries now purchase their barley pre-malted, there are still a small handful of producers that choose to
malt the barley from scratch. Despite the process being painstaking and lengthy, distilleries such as The
Balvenie and Highland Park view it as a tradition and pride themselves on their malting floors.
Now that the barley is properly malted, it gets ground until it resembles something like flour. The
water source is again introduced and the mixture is poured into a vessel called the Mash Tun. As the
barley mixture steeps in the hot water, the mashing tun separates the solids from the sugars and the
process is repeated at least twice more. By the time this part of the production process is completed, the
hot sugary liquid, called the Wort is ready to continue being turned into whisky.
The next step in whisky making is called the Fermentation Process. The wort is pumped into a
wooden or stainless steel receptacle called the Washback and dried or creamed yeast is added to the mix.
Once the yeast is added to liquid, it begins to rapidly multiply using up the oxygen in the washback and
creating carbon dioxide. As blades mix the yeast into the wort, over the next 48 hours, the yeast begins to
devour the sugars turning the wort into alcohol. The distiller now chooses whether or not to remove the
liquid or let it sit for up to another 70 hours which produces a fruitier flavor.
The next step is the actual distillation of the whisky. This is when the alcohol is poured into a copper
pot still to undergo a series of two distillations, or in some cases, three. The first distillation, called the
Wash Still is where the alcohol is heated until it boils and its vapor is condensed into liquid and carried
through the coiled pipes. The new liquid is then dumped into cooling vats and is now typically around
28% alcohol. Then, the process is repeated and the spirit is re-distilled until it reaches approximately 70%
alcohol. As it distills, the vapor is pumped into a rectifying column, making its way through a watercooled condenser to the spirit safe. The spirit safe then captures the purest cuts that will eventually mature
into Scotch whisky.
What’s interesting to note is that the stills used are often a variety of shapes and sizes. What this does
is changes the style of the whisky based on the type of flavor profiles the producer wants in its stock.
Next, the best cuts of the spirit are slightly diluted with more water and poured into wooden oak casks
(usually from bourbon whiskey or spanish sherry) where the whisky will sit and mature for at least three
years, developing a complex range of flavors and aromas as it soaks up the hidden spirits still buried deep
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in the wooden casks. After it’s sat for the minimum required length of three years, it is now ready to be
bottled or stored longer, increasing its age and complexity.
The Regions of Scotland
Divided into five distinct regions, Scotland
produces a variety of whiskies that take on certain
flavor profiles based on the region they’re distilled in.
The Highlands
Known as medium bodied whiskies, they are
typically lighter and more luxurious than their brothers
Islay, but stronger than the ones in the Lowlands.
Today there are many highland distilleries, some of
which include Aberfeldy, Balblair, Ben Nevis,
Clynelish, The Dalmore, Dalwhinnie, Glen Ord,
Glenmorangie, Oban and Old Pulteney. On the islands,
you can find Arran, Jura, Tobermory, Highland Park
and Scapa, as well as Talisker still operating today.
While many whisky connoisseurs believe the islands
should have their own region, they are still technically
classified as a part of the highlands.
The Lowlands
Generally considered the lighter and most delicate whiskies, the Lowland distilleries often produce
spirits with very little to no peat. Today the only distilleries still in operation are Auchentoshan, Bladnoch
and Glenkinchie. However, a fourth distillery has recently opened called Daftmill, but its first release is
still in production and is not expected to be released to the public until sometime in 2015.
Speyside
Home to the most elegant and inspired whiskies in Scotland, Speyside is also home to the most
distilleries in the Country, some of which include Aberlour, The Balvenie, Cardhu, Cragganmore,
Glenfarclas, Glenfiddich, Glenglassaugh, The Glenlivet, Glen Moray and The Macallan.
Campbeltown
With the majority of its bottles aged at the 10 year mark, the region is home to just three active
distilleries which include Glen Scotia, Glengyle and Springbank.
Islay
Considered the heavy-hitters of Scotch whisky, these spirits are usually heavily peated, often oily and
even sometimes compared to iodine. Islay is home to a current eight distilleries which include Ardbeg,
Bowmore, Bruichladdich, Bunnahabhain, Caol Ila, Kilchoman, Lagavulin and Laphroaig.
Recommended Whiskies
Scotch whisky has long been my favorite spirit. On any given evening you can usually find me in my
living room enjoying a dram or two as I listen to my records or watch an old movie. This list, while
partial, are a few of my favorite whiskies, all of which I highly recommend.
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The Highlands
The Dalmore King Alexander III (one of my favorite bottles in the world)
The Dalmore Cigar Malt Reserve (this Scotch pairs perfectly with a medium to full-bodied cigar)
Jura Superstition (press your palm against the logo for good luck)
Highland Park 12 Year
Scapa 16 Year
Talisker 18 Year
The Lowlands
Auchentoshan Three Wood (no peat, very delicate and quite inexpensive. A perfect introduction to
Scotch whisky)
Glenkinchie 12 Year
Rosebank 12 Year
Speyside
The Macallan Fine Oak
The Macallan 12 Year (while there are many incredible, older bottles, the 12 year is my nightly
dram)
The Macallan 25 Year
Aberlour 12 Year (probably the best bottle in its low price point)
Aberlour A’bunadh
The Balvenie Doublewood
Islay
Bowmore 18 Year
Lagavulin 16 Year
Caol Ila Moch
Laphroaig 12 Year
Campbeltown
Glen Scotia 12 Year
Springbank 10 Year
Conclusion
Scotch has and I presume will always be a spirit that one either loves or hates. While a taste for it can
be developed over time, typically the most common palate development occurs amongst gentlemen who
already enjoy the taste and simply grow to appreciate the varieties.
I would highly recommend that if you’ve never tried Scotch whisky before, that you begin with a
gentler, more subtle bottle such as the Auchentoshan 12 year or the Dalwhinnie 15 year , and not with a
dram of Lagavulin or Laphroaig.
One final tip for the Scotch connoisseur is to always keep a few basics on hand. This way should you
have company over, if they are inclined to try a dram of Scotch but don’t have the appreciation for it,
rather than wasting a remarkable whisky on a plebeian’s palate, I always keep a bottle of 12 year old
Glenlivet and Glenfiddich in my bar. That way you can save the premium whisky for those who will truly
enjoy it.
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Geology and Whisky
The following is take from:
Cribb, S. and Cribb, J., 1998, Whisky on the Rocks. British Geological Survey, Keyworth,
Nottingham, United Kingdom, 73 pgs.
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DETAILED ITINERARY
Day -1: Saturday, March 3rd, 2018 – Board flight
5:00PM: Leave Krebs Parking Lot
8:30PM: Arrive at Dulles Airport
10:30PM: Depart Washington Dulles (British Air BA0292) to London Heathrow
Day 1: Sunday, March 4th, 2018 – Arrive in Glasgow – Get to Edinburgh

10:40 AM: Arrive in London Heathrow for a layover
1:05 PM: Depart London (British Air BA1484) to Glasgow
2:30 PM: Arrive in Glasgow, get rental cars, drive to Edinburgh and do some grocery shopping
Rental Place: Dollar Rent-a-Car
Car Rental Hall, Terminal Building,
St Andrews Drive, Paisley PA3 2ST, UK
5:00 PM: Grocery store
6:00 PM: Arrive in Edinburgh, take a nap, and then go out for a group dinner
Hotel: Cowgate Tourist Hostel
96 Cowgate
Edinburgh, EH1 2PW
Tel 44 808168 9610
http://www.hostelsinedinburgh.com/
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Day 2: Monday, March 5th, 2018 – Siccar Point, the Garleton Hills, and the Coast Edinburgh
8:00 AM: Breakfast in the hostel
8:30 AM: Leave Hostel
9:30 AM: Arrive at St Abbs Head – Folds fault adjacent to volcanics
10:30 AM: Siccar Point – Hutton’s Unconformity
12:00 PM: Have lunch out of the back of the van
1:00 PM: Dunbar – exposed volcanic necks in the sea cliffs
3:00 PM: North Berwick – Carboniferous Volcanics
5:00 PM: Return to the hostel
6:00 PM: Group dinner we will cook at the hostel
STOP 2.4
STOP 2.3

STOP 2.2

STOP 2.1

STOP 2.1: Pettico Wick, St Abbs Bay
The following is taken from:
Holdsworth, R.E., Tavarnelli, E., and Clegg, P., 2002, The nature and regional significance of
structures in the Gala Group of the Southern Uplands terrane, Berwickshire coast,
southeastern Scotland. Geological Magazine, v. 139, n. 6, 707-717.
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STOP 2.2: Siccar Point
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From: McAdam & Clarkson, 1996, pgs. 146-151
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STOP 2.3: Dunbar
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From: McAdam & Clarkson, 1996, pgs. 119-132 - There is also a leaflet
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STOP 2.4: North Berwick

From: McAdam & Clarkson, 1996, pgs. 88-108
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Day 3: Tuesday, March 6th, 2018 – Edinburgh Castle, Arthur’s Seat, and Edinburgh City
8:00 AM: Breakfast in the hostel
8:30 AM: Walk to Edinburgh Castle – Castle tour
12:00 PM: Lunch at the hostel
1:00 PM:
Option #1 – Hike around Arthur’s Seat, a volcanic plug in Holyrood Park that Hutton
studied (10 minute walk from the hostel)
Option #2 – Drive to St Andrews to see the birthplace of golf (3 hr round-trip drive from
the hostel)
Option #3 – Explore Edinburgh (museums, shops, pubs…)
6:00 PM: Group dinner we will cook at the hostel

Our
Hostel
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STOP 3.1: Edinburgh Castle
From Wikipedia:
Edinburgh Castle is a historic fortress which dominates the skyline of the city of
Edinburgh, Scotland, from its position on the Castle Rock. Archaeologists have established human
occupation of the rock since at least the Iron Age (2nd century AD), although the nature of the
early settlement is unclear. There has been a royal castle on the rock since at least the reign of
David I in the 12th century, and the site continued to be a royal residence until 1633. From the
15th century the castle's residential role declined, and by the 17th century it was principally used
as military barracks with a large garrison. Its importance as a part of Scotland's national heritage
was recognised increasingly from the early 19th century onwards, and various restoration
programmes have been carried out over the past century and a half. As one of the most important
strongholds in the Kingdom of Scotland, Edinburgh Castle was involved in many historical
conflicts from the Wars of Scottish Independence in the 14th century to the Jacobite rising of
1745. Research undertaken in 2014 identified 26 sieges in its 1100-year-old history, giving it a
claim to having been "the most besieged place in Great Britain and one of the most attacked in the
world".
Few of the present buildings pre-date the Lang Siege of the 16th century, when the
medieval defences were largely destroyed by artillery bombardment. The most notable exceptions
are St Margaret's Chapel from the early 12th century, which is regarded as the oldest building in
Edinburgh, the Royal Palace and the early-16th-century Great Hall, although the interiors have
been much altered from the mid-Victorian period onwards. The castle also houses the Scottish
regalia, known as the Honours of Scotland and is the site of the Scottish National War Memorial
and the National War Museum of Scotland. The British Army is still responsible for some parts of
the castle, although its presence is now largely ceremonial and administrative. Some of the castle
buildings house regimental museums which contribute to its presentation as a tourist attraction.
The castle, in the care of Historic Scotland, is Scotland's most-visited paid tourist
attraction, with over 1.4 million visitors in 2013, and over 70% of leisure visitors to Edinburgh
visiting the castle. As the backdrop to the Edinburgh Military Tattoo during the annual Edinburgh
International Festival the castle has become a recognisable symbol of Edinburgh and of Scotland.
Geology
Diagram of a crag and tail feature, such as the Castle Rock: A is the crag formed from the
volcanic plug, B is the tail of softer rock, and C shows the direction of ice movement. In the case
of Edinburgh, the castle stands on the crag (A) with the Royal Mile extending along the tail (B)
The castle stands upon the plug of an extinct volcano, which is estimated to have risen
about 350 million years ago during the lower Carboniferous period. The Castle Rock is the
remains of a volcanic pipe, which cut through the surrounding sedimentary rock before cooling to
form very hard dolerite, a type of basalt. Subsequent glacial erosion was resisted by the dolerite,
which protected the softer rock to the east, leaving a crag and tail formation.
The summit of the Castle Rock is 130 metres (430 ft) above sea level, with rocky cliffs to
the south, west and north, rising to a height of 80 metres (260 ft) above the surrounding
landscape. This means that the only readily accessible route to the castle lies to the east, where the
ridge slopes more gently. The defensive advantage of such a site is self-evident, but the geology
of the rock also presents difficulties, since basalt is extremely impermeable. Providing water to
the Upper Ward of the castle was problematic, and despite the sinking of a 28-metre (92 ft) deep
well, the water supply often ran out during drought or siege, for example during the Lang Siege in
1573.
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STOP 3.2: Arthur’s Seat
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Day 4: Wednesday, March 7th, 2018 – Stirling, Bannockburn, Dalradian Rocks, Distilleries,
Inverness, AND Jake’s 21st Birthday!

STOP 4.5

STOP 4.4
STOP 4.3

STOP 4.1

STOP 4.2

8:00 AM: Depart from Edinburgh and drive to Bannockburn/Stirling (1 hr drive)
9:00 AM: Drive around Stirling Castle – no tour this time
10:00 AM: The Battle of Bannockburn Visitor Center
http://battleofbannockburn.com/
12:00 PM: Lunch out of the van
12:30 PM: Leave Stirling
1:30 PM: Dunkeld and Little Glen Shee – Folded Dalradian sediments
2:15 PM: Clunes A9 Road Cut – Folded Dalradian sediments
3:00 PM: Speyside Distillery (http://speysidedistillery.co.uk/), The Cairgorms Brewery
(http://www.cairngormbrewery.com/), Dalwhinnie Distillery (https://www.malts.com/enrow/distilleries/dalwhinnie/), we each have to buy Jake a drink….
6:00 PM: Get to the hostel in Inverness
Ardconnel House
21 Ardconnel St
Inverness, IV2 3EU
Telephone: +44 01463 240455
http://www.ardconnel-inverness.co.uk/
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STOP 4.1: Stirling Castle

From Wikipedia:
Stirling Castle, located in Stirling, is one of the largest and most important castles in Scotland,
both historically and architecturally. The castle sits atop Castle Hill, an intrusive crag, which forms part
of the Stirling Sill geological formation. It is surrounded on three sides by steep cliffs, giving it a strong
defensive position. Its strategic location, guarding what was, until the 1890s, the farthest downstream
crossing of the River Forth, has made it an important fortification from the earliest times.
Most of the principal buildings of the castle date from the fifteenth and sixteenth centuries. A few
structures of the fourteenth century remain, while the outer defences fronting the town date from the early
eighteenth century.
Before the union with England, Stirling Castle was also one of the most used of the many Scottish
royal residences, very much a palace as well as a fortress. Several Scottish Kings and Queens have been
crowned at Stirling, including Mary, Queen of Scots, in 1542, and others were born or died there.
There have been at least eight sieges of Stirling Castle, including several during the Wars of
Scottish Independence, with the last being in 1746, when Bonnie Prince Charlie unsuccessfully tried to
take the castle. Stirling Castle is a Scheduled Ancient Monument, and is now a tourist attraction managed
by Historic Environment Scotland.
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From: Brown and Gillen, 2015, pgs. 37-38
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STOP 4.2: The Battle of Bannockburn
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From Wikipedia:
The Battle of Bannockburn 24 June 1314 was a significant Scottish victory in the First War of
Scottish Independence, and a landmark in Scottish history. Stirling Castle, a Scots royal fortress,
occupied by the English, was under siege by the Scottish army. The English king, Edward II, assembled a
formidable force to relieve it. This attempt failed, and his army was defeated in a pitched battle by a
smaller army commanded by the King of Scots, Robert the Bruce.
The Wars of Scottish Independence between England and Scotland began in 1296 and initially the
English were successful under the command of Edward I, having won victories at the Battle of Dunbar
(1296) and at the Capture of Berwick (1296). The removal of John Balliol from the Scottish throne also
contributed to the English success. The Scots had been victorious in defeating the English at the Battle of
Stirling Bridge in 1297. This was countered, however, by Edward I's victory at the Battle of Falkirk
(1298). By 1304 Scotland had been conquered, but in 1306 Robert the Bruce seized the Scottish throne
and the war was reopened.
Edward II of England came to the throne in 1307 but was incapable of providing the determined
leadership that had been shown by his father, Edward I, and the English position soon became more
difficult. Stirling Castle was one of the most important castles that was held by the English as it
commanded the route north into the Scottish Highlands. It was besieged in 1314 by Robert the Bruce's
brother, Edward Bruce, and an agreement was made that if the castle was not relieved by mid-summer
then it would be surrendered to the Scots. The English could not ignore this challenge and military
preparations were made for a substantial campaign in which the English army probably numbered 2,000
cavalry and 15,000 infantry, many of whom would have been longbowmen. The Scottish army probably
numbered between 7,000 and 10,000 men, of whom no more than 500 would have been mounted. Unlike
the heavily armoured English cavalry, the Scottish cavalry would have been light horsemen who were
good for skirmishing and reconnaissance but were not suitable for charging the enemy lines. The Scottish
infantry would have had axes, swords and pikes, with few bowmen among them.

From: Brown and Gillen, 2015, pgs. 40-51
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STOP 4.3: Dunkeld – River Braan at The Hermitage
The Following is from:
Browne, M.A.E., and Gillen, C. (editors),
2015, A Geological Excursion Guide
to the Stirling and Perth Area.
Edinburgh Geological Society, pgs.
213-226.
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STOP 4.4: Clunes in Calvine
The following is from:
Treagus, J.E., Tanner, P.W.G.,
Thomas, P.R., Scott, R.A.,
Stephenson, D. 2013, The
Dalradian rocks of the central
Grampian Highlands of
Scotland. Proceedings of the
Geologists’ Association, v.
124, pgs. 148-214.
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STOP 4.5: Distilleries and Breweries
Dalwhinnie Distillery (https://www.malts.com/en-row/distilleries/dalwhinnie/), Speyside
Distillery (http://speysidedistillery.co.uk/), The Cairgorms Brewery
(http://www.cairngormbrewery.com/), we each have to buy Jake a drink….
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Day 5: Thursday, March 8th, 2018 – Lock Ness and Isle of Skye

STOP 5
STOP 4
STOP 1
STOP 3

STOP 2

7:00 AM: Breakfast is included at this Hostel!
8:00 AM: Depart from the Ardconnel House
9:00 AM: The Loch Ness Centre & Exhibition
http://www.lochness.com/
11:00 AM: Lunch at the museum
1:00 PM: Carr Brae above Loch Duich – Forsteritic Marbles with diopside, garnet-biotite
gneisses, and possibly eclogites!!!!!!!!! But this might just be a view of Eilean Donan
Castle….
2:00 PM: Rubha' an Eireannaich, Broadford, Isle of Skye – mafic and felsic magma mingling
3:30 PM: Portree, Isle of Skye
6:30 PM: Arrive back to the Hostel

STOP 5.1: Loch Ness and Museums
The Loch Ness Centre & Exhibition
Drumnadrochit, Loch Ness
Inverness-shire IV63 6TU
The following is taken from the Wikipedia article on
Loch Ness:
https://en.wikipedia.org/wiki/Loch_Ness
and
https://en.wikipedia.org/wiki/Loch_Ness_Monster
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Loch Ness is a large, deep, freshwater loch in the Scottish Highlands extending for approximately
37 kilometres (23 miles) southwest of Inverness. Its surface is 16 metres (52 feet) above sea level. Loch
Ness is best known for alleged sightings of the cryptozoological Loch Ness Monster, also known
affectionately as "Nessie". It is connected at the southern end by the River Oich and a section of the
Caledonian Canal to Loch Oich. At the northern end there is the Bona Narrows which opens out into
Loch Dochfour, which feeds the River Ness and a further section of canal to Inverness. It is one of a
series of interconnected, murky bodies of water in Scotland; its water visibility is exceptionally low due
to a high peat content in the surrounding soil.
Loch Ness is the second largest Scottish
loch by surface area at 56 km2 (22 sq mi) after Loch
Lomond, but due to its great depth, it is the largest
by volume in the British Isles. Its deepest point is
230 m (126 fathoms; 755 ft), making it the second
deepest loch in Scotland after Loch Morar. A 2016
survey claimed to have discovered a crevice that
pushed the depth to 271 m (889 ft) but further
research determined it to be a sonar anomaly. It
contains more fresh water than all the lakes in
England and Wales combined, and is the largest
body of water in the Great Glen, which runs from
Inverness in the north to Fort William in the south.

Loch Ness with Urquhart Castle in the
foreground

Villages and places
At Drumnadrochit is the "Loch Ness Centre and Exhibition" which examines the natural history
and legend of Loch Ness. Boat cruises operate from various locations on the loch shore, giving visitors
the chance to look for the "monster". Urquhart Castle is located on the western shore, 2 km (1.2 miles)
east of Drumnadrochit. Lighthouses are located at Lochend (Bona Lighthouse) and Fort Augustus.
Monster
The Loch Ness Monster, or Nessie, is an aquatic being
which reputedly inhabits Loch Ness in the Scottish Highlands. It is
similar to other supposed lake monsters in Scotland and elsewhere,
and is often described as being large in size, with a long neck and
one or more humps protruding from the water. Popular interest and
belief in the creature has varied since it was brought to worldwide
attention in 1933. Evidence of its existence is anecdotal, with a few
disputed photographs and sonar readings.

Nessie captured in the infamous
1934 ‘Surgeon’s Photograph’

The creature commonly appears in Western media where it
manifests in a variety of ways. The scientific community regards
the Loch Ness Monster as a being from folklore without biological
basis, explaining sightings as hoaxes, wishful thinking, and the
misidentification of mundane objects.

Monster Origins
The word "monster" was reportedly applied for the first time to the creature on 2 May 1933 by
Alex Campbell, water bailiff for Loch Ness and a part-time journalist, in an Inverness Courier report. On
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4 August 1933 the Courier published a report by Londoner George Spicer that several weeks earlier,
while they were driving around the loch, he and his wife saw "the nearest approach to a dragon or prehistoric animal that I have ever seen in my life" trundling across the road toward the loch with "an
animal" in its mouth. Letters began appearing in the Courier, often anonymously, claiming land or water
sightings by the writer, their family or acquaintances or remembered stories. The accounts reached the
media, which described a "monster fish", "sea serpent", or "dragon" and eventually settled on "Loch Ness
monster".
On 6 December 1933 the first purported photograph of the monster, taken by Hugh Gray, was
published in the Daily Express; the Secretary of State for Scotland soon ordered police to prevent any
attacks on it. In 1934, interest was further piqued by the "surgeon's photograph". That year, R. T. Gould
published an account of the author's investigation and a record of reports predating 1933. Other authors
have claimed sightings of the monster dating to the sixth century AD.
Island
Loch Ness has one island, Cherry Island, at the southwestern end of the loch, near Fort Augustus.
It is an artificial island, known as a crannog, and was probably constructed during the Iron Age. There
was formerly a second island (Dog Island) which was submerged when the water level was raised during
the construction of the Caledonian Canal.
Hydroelectricity
Loch Ness serves as the lower storage reservoir for the Foyers pumped-storage hydroelectric
scheme, which was the first of its kind in the United Kingdom. The turbines were originally used to
provide power for a nearby aluminum smelting plant, but now electricity is generated and supplied to the
National Grid. Another scheme, the 100 megawatt Glendoe Hydro Scheme near Fort Augustus, began
generation in June 2009. It was out of service between 2009 and 2012 for repair of the tunnels connecting
the reservoir to the turbines.
Geology
Loch Ness lies along
the Great Glen Fault, which
forms a line of weakness in
the rocks which has been
excavated by glacial erosion,
forming the Great Glen and
the basins of Loch Lochy,
Loch Oich and Loch Ness.
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STOP 5.2: Carr Brae above Loch Duich
The following is taken from:
Storey, C., 2008, A field guide
to the Glenelg-Attadate
Inlier, NW Scotland,
with emphasis on the
Precambrian highpressure metamorphic
history and subsequent
retrogression. Scottish
Journal of Geology, v.
44, no. 1, pp. 17-34.
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STOP 5.3A: Isle of Skye Geology Overview
From Wikipedia:
The Geology of Skye, in Scotland, is highly variable and the island's landscape reflects changes in
the underlying nature of the rocks. A wide range of rock types are exposed on the island, sedimentary,
metamorphic and igneous, ranging in age from the Archaean through to the Quaternary.

STOP 4

STOP 3
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Precambrian
The oldest rocks found on Skye are gneisses of the Lewisian complex that were formed about 2,800 million
years ago during the Archaean. These gneisses outcrop on the southeastern coast of the Sleat peninsula and were
originally granitic igneous rocks. Near Tarskavaig, Neoproterozoic metasediments of the Moine Supergroup are
found above strongly deformed Lewisian rocks. The Lewisian and Moine sequences are thrust over another
sequence of unmetamorphosed Neoproterozoic sediments, the Torridonian, along the Moine Thrust Zone. The
Torridonian on Skye comprises two conformable sequences, the older Sleat Group and the younger Torridon
Group. Both groups consist dominantly of sandstones and were deposited mainly by alluvial fans and rivers.
Lower Palaeozoic
A sequence of Cambrian to Lower Ordovician sediments of the Eriboll and Durness Groups lie above the
Torridonian with an angular unconformity. The Lower Cambrian Eriboll Group comprises a basal quartzite, locally
with a basal conglomerate, followed by the distinctive Pipe Rock Member, a quartz arenite with white weathering
skolithos trace fossils. The Pipe Rock is overlain by the Salterella Grit, a coarse sandstone, and the Fucoid Beds, a
sequence of calcareous sandstone and siltstone. The overlying Durness Group comprises a series of dolostones of
Upper Cambrian to Middle Ordovician in age. The lowest unit is the Ghrudaidh Formation, followed by the Eliean
Dubh Formation the Sailmhor Formation and the Sangomore Formation, all consisting of dolostones with chert.
The two main exposures of Cambro-Ordovician sediments are the "Ord Window" (a gap in the Kishorn Thrust
sheet through which the sequence beneath the thrust can be seen) on the northern coast of Sleat and the area
between Broadford and Loch Slapin. These beds are affected by thrusting in both areas and by contact
metamorphism from Palaeogene granite intrusions in the northern outcrop, locally forming marble, such as Torrin.
Mesozoic
Sedimentary rocks of Mesozoic age underlie most parts of the island north of the Sleat Peninsula. They are
hidden beneath Palaeogene volcanic rocks over most of this area, being exposed only on the eastern and northern
coasts of the Trotternish peninsula, on the Strathaird peninsula and between the Red Hills and Sleat. Triassic rocks
of the Stornoway Formation are found near Broadford, a sequence of sandstones and conglomerates deposited by
rivers. These beds are overlain by the lower Jurassic Lias Group with the Broadford Beds at the base, passing up
into the Pabay Shale Formation, the Scalpay Sandstone Formation the Portree Shale Formation and the Raasay
Ironstone Formation. The sequence continues with the Lower to Middle Jurassic Bearreraig Sandstone Formation
followed by Middle Jurassic Great Estuarine Group, comprising the Cullaidh Shale Formation, Elgol Sandstone
Formation, Lealt Shale Formation, Valtos Sandstone Formation, Duntulm Formation, Kilmaluag Formation and the
Skudiburgh Formation. The Upper Jurassic is represented by the Staffin Shale Formation. The only Cretaceous unit
exposed on Skye is the Strathaird Limestone Formation, thought to be either Turonian or Campanian in age, which
lies unconformably on the Jurassic and is overlain unconformably by Palaeocene lavas.
Paleogene
During the Paleocene to Early Eocene Skye formed one of the main volcanic centres of the North Atlantic
Igneous Province. Gently dipping lavas from the volcanoes cover most of northern Skye, giving a stepped trap type
landscape. The dominant lava type is basalt, with subsidiary hawaiite and mugearite derived from silica-poor
magma and minor amounts of trachyte from a silica-rich magma. Part of the magma chambers for the volcanoes are
exposed at the surface as major intrusions of gabbro and granite. These coarse-grained igneous rocks are relatively
resistant to erosion and now form the Cuillin hills. The Black Cuillin are formed of gabbro, which erodes to form
the characteristically jagged outlines, although this is in large part due to the many minor intrusions, such as dykes
and cone sheets that cut the gabbro. The Red Hills are formed of granite and have a more rounded topography. All
pre-Quaternary rock types on the island are affected by a major swarm of dykes, which forms part of the North
Britain Palaeogene Dyke Suite. Most of the dykes are basaltic in composition but a minority are trachytic. The
dominant trend of the dykes is northwest-southeast although they are locally in part radial near the old volcanic
centre. On the Trotternish peninsula, mafic magma was intruded along the bedding planes of the Jurassic
sedimentary rocks beneath the lavas to form sills that are up to 90m thick. They commonly display columnar
jointing, such as in the upper part of the Kilt Rock at Staffin.
Quaternary
During this period the island was affected by the Quaternary glaciation, with the development of an ice cap
centred on the Cuillin and Red Hills. The main ice sheet that flowed westwards from the Scottish mainland was
diverted around this upland area. The island is covered by large areas of glacial till, left behind when the ice melted.
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STOP 5.3B: Rubha’ an Eireannaich, Broadford, Isle of Skye
Extracted from the Geological Conservation Review - http://www.jncc.gov.uk/page-2731

STOP 3

Highlights
The site contains a fine, continuous section through a composite (felsite–basalt) sill intruded into
Jurassic strata. Mixing of acid and basic magmas is demonstrated by the complete gradation from basalt
at the margins of the intrusion to felsite in the core with thin, intervening hybrid zones.
Introduction
This site contains an exceptionally well-exposed example of a composite intrusion which
demonstrates a virtually continuous variation from chilled upper and lower margins of basic rock,
through hybrid rocks to a central felsite member. It is an excellent example of mixing between
contrasting magma types. The sill lies at the northern end of a series of arcuate composite intrusions
which focus on the Inner (Beinn na Caillich) Granite of the Eastern Red Hills Centre. Buist (1959) has
described the intrusion in some detail, and Bell (1983) worked on the geochemistry of the different
components and produced a model for the formation of the intrusion. The main features of the intrusion
have been summarized by Bell and Harris (1986).
Description
A sill of about 5 m in thickness intrudes sandstones and siltstones belonging to the Lower Jurassic
Broadford Beds at Rubha' an Eireannaich, Broadford. In addition, two thin basic sills intrude the
overlying sandstone and both sediments and the sill are intruded by basic dykes. The section through the
sill can be summarized as follows (after Buist, 1959):
Upper basalt
up to 0.75 m
Hybrid zone
between 0.23 and 0.3 m
Felsite
up to 2.4 m
Hybrid zone
between 0.23 and 0.3 m
Lower basalt
up to 0.75 m
The lower and upper basic margins contain xenocrysts and phenocrysts of feldspar but the lower
basic member also contains felsic stringers and small areas of fine-grained basic material, together with
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rare, partly resorbed gabbroic inclusions. The felsite core carries altered phenocrysts of sodic plagioclase
and shows an increase in the proportion of groundmass quartz towards the centre of the sheet. The hybrid
zones contain sodic plagioclase xenocrysts and phenocrysts of altered andesine and groundmass
pyroxene is pigeonite, in contrast to the augite found in the basic margins. There is a complete gradation
from one rock type into the other. The hybrid zones contain sodic plagioclase xenocrysts and phenocrysts
of altered andesine, and the groundmass pyroxene is pigeonite as opposed to augite in the basic margins.
There is a complete gradation from one rock type into the other with no suggestion of chilling; this
contrasts strongly with the external margins of the basic member which were chilled to (now devitrified)
glass against the sedimentary rocks of the Lias.
Interpretation
The field evidence provided by the sill shows that basic and acid magmas were essentially
available simultaneously. The initial injection of basic magma was followed by injection of the acid
magma before the former had cooled and consolidated. The absence of a well-defined boundary between
these contrasting magma types, a feature also observed in other composite intrusions (for example, in the
Marscoite Suite in Harker's Gully; the composite sills of Arran, see below), led Bell (1983) to conclude
that high-temperature diffusion occurred between the basic and acid members at their present level in the
crust. In addition, the presence of feldspar xenocrysts in the basic margins indicates that some mechanical
mixing occurred prior to intrusion.
Geochemical work by Bell (1983) has shown that for all of a range of elements determined, there
is complete compositional continuity between basic and acid members of the sill, and that the chondritenormalized, rare-earth element patterns for the basic and acid members are parallel. From these data, Bell
concluded that the basic and acid components were cogenetic. He envisaged two periods of hybridization
of the acid and basic magmas. An early event involved limited addition of porphyritic acid magma to
basic magma forming a basic hybrid with xenocrysts, the basic member was then intruded to form the
present marginal rocks in the sill. This was rapidly followed by further porphyritic acid magma which
formed the centre of the sill. At this stage, in situ hybridization occurred by diffusion of elements
between the two contrasting magmas while they were still both close to their liquidus temperatures (Bell
and Harris, 1986). This process formed the c. 0.30-m-thick hybrid zones which now separate the basic
margins from the acid core.
Conclusions
The site provides a very clear example of a common phenomenon in the British Tertiary Volcanic
Province, namely, the coexistence of basic and acid magmas. In this instance, there was limited
mechanical mixing between the different magmas prior to intrusion; further limited high-temperature
diffusion within the intrusion occurred during the emplacment of the basic magma, which was followed
very rapidly by the central injection of acid magma. The exposures at Rubha' an Eireannaich provide a
continuous section through all of the rock types which can be readily distinguished in the field.
Other random notes I found on the internet:
Broadford beach for Jurassic fossils.
(Excursion Guide to the Geology of the Isle of Skye, p193, OS Sheet 32).
By Following the succession on the beach from east to west we started in the Lower Broadford
Beds and went up into the Upper Broadford Beds, all of which is in the Lower Jurassic. The lower
beds were hard marls and limestones. Much of the sand on the beach is composed of broken bits
of the calcareous alga Lithothamnioncalcareum. We also found tests of the burrowing sea-urchin
Echinocardiuincaudatum. Ammonites occur in the Upper Broadford Beds.
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STOP 5.4: Portree, Isle of Skye
The following is from:
Miller, S. 2005, Mountain Geology – Skye Cuillin. The Edinburgh Geologist, v. 44, pgs. 4-9.
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Day 6: Friday, March 9th, 2018 – Glen Roy, Glencoe, Loch Lomond, and Glasgow

STOP 6.1

STOP 6.2
STOP 6.3

STOP 6.4
STOP 6.5

7:00 AM: Breakfast
8:00 AM: Pack up and depart from Inverness
10:00 AM: Glen Roy National Nature Reserve and the Darwin’s Parallel Roads
12:00 PM: Lunch in Glen Roy
1:00 PM: Glencoe and the Ballachulish Igneous Complex
- Quarry Centre Ballachulish Visitor Centre
http://discoverglencoe.scot/listing/the-quarry-centre/
2:30 PM: River Orchy – Various fold structure associated with the Udlaidh Syncline
3:30 PM: Loch Lomond – Tay Nappe of the Southern Highland Complex
4:30 PM: Dumbarton Rock – Basaltic Intrusions
5:30 PM: Get to the Hostel in Glasgow
Euro Hostel Glasgow, 318 Clyde Street, Glasgow, G1 4NR
Telephone: +44 141 222 2828
http://www.eurohostels.co.uk/glasgow/
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STOP 6.1: Glen Roy and Darwin’s Parallel Roads
The following is from:
Rudwick, M. and Palmer, A., 2009, The Parallel
Roads of Glen Roy: In the footsteps of
Charles Darwin – A Field Guide.
Geological Society of London, History of
Geology Group, Field Trip Guide, 40 pgs.
“Based on the Guide prepared for the field trip in
Lochaber (Scotland), 26-29 June 2009, led by
Martin Rudwick (University of Cambridge) and
Adrian Palmer (Royal Holloway, University of
London), to mark the bicentenary of the birth of
Charles Darwin; and revised to make it usable by
anyone wishing to follow our itinerary on their
own.”

Darwin’s paper 1839: map of the “Roads” in Lochaber
(the Roads were largely copied from Lauder’s paper [1821] but on a better base map).
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INTRODUCTION
“I must premise once for all, that this minuteness of description, however
superfluous it may at first sight appear, is absolutely required, as the
circumstances thus dwelt on will be of essential use in investigating the
cause of the appearances under discussion. It is by an attention to
circumstances which at first glance appear trivial, that abstruse truths are
often discovered.”
John MacCulloch, “Parallel Roads”, 1817

Darwin’s paper 1839: View up Glen Roy from above “Viewpoint” with the three horizontal “Parallel
Roads”, drawn from the lowest Road R3 (note its alignment on both sides of the valley).
Darwin returned from the Beagle voyage identifying himself as a geologist, and was accepted as
such by the leaders of the Geological Society in London. His papers to the Society interpreted what he
had seen in terms of a global tectonic theory modelled on that of his older mentor Charles Lyell. The most
substantial piece of fieldwork that Darwin undertook after his return was designed to strengthen this
theory by harnessing in its support a well-known but extremely puzzling geological feature, the “Parallel
Roads” in Glen Roy and adjacent valleys in the Lochaber region of the Scottish Highlands. This fieldwork
(1838) led to Darwin’s first substantial published scientific paper (1839), which helped earn him his FRS.
But soon afterwards Louis Agassiz proposed an alternative explanation of the “Roads”, in terms of
vanished glaciers, which implied that Darwin’s might be radically mistaken. Yet Darwin clung to his
interpretation for about twenty years, in the face of mounting evidence in favour of the alternative, and
only abandoned it with great reluctance, eventually conceding that it had been “a great failure” and “one
long gigantic blunder”. Yet even the “blunder” of an outstanding scientist can throw instructive light on
the relation between observation and interpretation, and also perhaps – in Darwin’s case – between his
public theorising about global tectonics and his concurrent private theorising about speciation.
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Outline topographical map of Lochaber (from Rudwick 1974/2005)
with 19th-century anglicised place names
[the smaller rectangle defines the area of the interpretative maps, below].

A BRIEF HISTORY OF THE PROBLEM
In the 18th century the “Parallel Roads of Glen Roy” became a celebrated feature of the remote
Lochaber region; they were called “Roads” because they were initially thought to be ancient human
constructions; but by the early 19th century most visitors agreed that they must be natural in origin. In
Glen Roy itself there are three narrow horizontal terraces, high up on both steep sides of the valley; the
lowest terrace extends out into Glen Spean and up into Glen Treig. There is also one terrace high up in
Glen Gloy to the west of Glen Roy. MacCULLOCH and LAUDER visited Lochaber independently
around the same time (1815-17), surveyed the Roads in detail, and came to similar conclusions. Both
interpreted the Roads as lake beaches formed at some remote time when Glen Roy and some adjacent
valleys were filled with freshwater lakes at three or four successively lower levels. But this generated the
problem of explaining the absence of any obvious trace of the barriers that must have impounded these
lakes, most probably situated where the Roads fade away at the mouths of the valleys. MacCulloch
considered briefly the alternative possibility that the Roads were sea beaches, dating from a time of much
higher sea level; but he rejected it because the Roads were confined to these specific valleys, and because
there was no trace of marine debris such as sea shells anywhere on the terraces.
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Lauder proposed an interpretation similar to MacCulloch's, but improved it on three important
points, thanks to more accurate levelling by his surveyor. This survey showed, first, that the one and only
definite Road in Glen Gloy (“Road G” in my nomenclature) is exactly level with the pass or col (“Col G”)
at its head; this could therefore have been the outlet of a putative “Loch Gloy”, overflowing into the
adjacent Glen Roy, where the highest of three Roads (“Road R1”) is slightly but distinctly lower (rather
than being at the same level as Road G, as MacCulloch thought). Second, that this Road R1 in turn is on a
level with the pass or col (“Col R1”) at the head of Glen Roy, which therefore could have been an outlet
for a former “Loch Roy”, overflowing into Glen Spey to the east (MacCulloch had thought it was higher
than the col). Third, that the lowest of the three Roads in Glen Roy (“Road R3”) - which unlike the others
extends out into the much larger Glen Spean (as “Road S”) - is on a level with the Pass of Muckul ("Col
S") at the head of that valley, which could have been the overflow of a large “Loch Spean”. This left the
middle Road (“R2”) of the three in Glen Roy as an anomaly, since there seemed to be no col that could
have acted as an overflow while “Loch Roy” was at that intermediate level. Lauder therefore had to infer
that its overflow at that stage was across the vanished barrier at the mouth of Glen Roy, although he (like
MacCulloch) inferred that this must have been composed of loose gravelly material subsequently washed
away, and was unlikely to have remained at exactly the same level long enough for a terrace to be formed
as in the other cases.

Map to illustrate Lauder’s lake theory (from Rudwick 1974/2005)
(and also its improvement by Milne in 1847).
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MacCulloch's and Lauder's LAKE THEORY was accepted by most other geologists at the time,
and in subsequent years, as the best explanation available, despite the unresolved puzzle of the vanished
lake barriers. Neither author was cramped for geological time: the whole sequence of lakes in Lochaber
was tacitly assumed to have been extremely remote and probably pre-human, although very recent in
terms of total Earth-history. And both authors were as actualistic (“the present is the key to the past”) in
their reasoning as they could be, citing analogous cases of former beaches above various modern lakes.
Lauder invoked a “catastrophe” only where he thought there was no alternative: he explained the final
disappearance of the huge putative barrier at the mouth of Glen Spean as possibly the result of a sudden
opening-up of the Great Glen beyond it (to the north-west).

Lauder’s paper 1821: Reconstructions of lakes at four successive periods:
1 , at R1 level; 2, at R2 level; 3, at R3/S level;
4, after “catastrophic” opening of Great Glen
(at which point three small lakes remained in Glen Spean, since filled in).
Two decades later, in 1838, DARWIN interrupted the most creative phase of his private
theorising about speciation in order to visit Lochaber, because he regarded its Roads as valuable potential
evidence for his global tectonic theory - inspired by Lyell's - of crustal plates slowly oscillating up and
down in a perpetually balanced steady state (which in turn was an important substrate for Darwin’s
theorising at this time about speciation). With the terraces he had seen at Coquimbo in Chile as a relevant
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analogue, he hoped to prove that Scotland was part of a slowly but intermittently rising crustal plate like
South America (his famous explanation of Indo-Pacific coral reefs and atolls made them corresponding
indicators of slowly subsiding plates). This entailed adopting the MARINE THEORY that MacCulloch
had considered but rejected. Darwin’s manuscript agenda, written after he tudied MacCulloch’s and
Lauder’s papers but before his own visit to Lochaber, proves that he intended to look specifically for
evidence that the Roads were indeed sea beaches and that their localised distribution could be “explained
away” in terms of differential preservation. In the field, he duly convinced himself, although he failed to
find any marine debris at all, and had to re-interpret Lauder’s overflow cols as “land-straits” and explain
them away as mere “coincidences” of level. He wrote up his work as his first major scientific paper, and
gave it – such was its importance to him – not to the Geological but to the Royal Society (1839).

Map to illustrate Darwin’s marine theory (from Rudwick 1974/2005)
This illustrates the former topography of islands, channels and fiords that he reconstructed
(1) for an early phase in the uplift of the crust, when icebergs drifting among scattered islands
might have deposited the highest of the erratic blocks now found on some of the hills; and
(2) for a later phase when the sea was confined to a network of channels which, he thought,
would have been like the Beagle Channel and others around Tierra del Fuego.
The following year AGASSIZ, while visiting Britain primarily for his research on fossil fish,
expounded his sensational “Ice Age” theory in London and Glasgow (in outline it was already well
known to British geologists, including Darwin). He argued that in the final waning phase of this
geologically recent “Snowball-Earth” episode there would have been extensive valley glaciers in many
upland regions. Agassiz and Buckland (the latter a new convert to Agassiz’s Ice Age theory) then toured
the Highlands and duly found widespread glacial traces (scratched bedrock [striae], moraines, erratic
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blocks etc). A brief visit to Lochaber convinced them that the Roads were traces of successive levels of a
glacial lake impounded by glaciers, like ones that had been, or would be, produced by analogous
extensions of present Alpine glaciers (the actualistic method again, as usual). This GLACIAL THEORY
of the Roads purported to solve both the puzzle of the vanished barriers on the (non-glacial) lake theory –
they had left no trace because they had simply melted away - and also the curiously limited extent of the
Roads, which was such a puzzle on the marine theory.

Map to illustrate Agassiz’s glacial theory (from Rudwick 1974/2005)
This reconstruction required that the upper Roads in Glen Roy
should extend on to the south side of Glen Spean (between the asterisks),
where no one else had reported seeing them (see, above, the map for Lauder’s interpretation).
But Agassiz's full-blown (Snowball-Earth) Ice Age theory had been rejected outright – and with
good reason - by most geologists other than Buckland, and even its more limited version (of vanished
upland valley glaciers) was therefore treated with caution. In Lochaber, specifically, Agassiz's
reconstruction of two glaciers acting as lake dams implied a distribution of Roads that did not match what
others had seen on the spot. So the (non glacial) lake theory, and Darwin's marine theory, each continued
to enjoy some support among geologists; both were seen to have defects, but they seemed rather evenly
matched.
A few years later, in 1845, MILNE visited Lochaber, convinced beforehand that Darwin's marine
theory was correct and the (non-glacial) lake theory untenable; he was also unconvinced by the glacial
interpretation, arguing that some of Agassiz's putative moraines were in fact relics of former barriers of
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loose gravelly material. However, in the field Milne changed his mind, and then (1847) published an
improved version of Lauder's lake theory (see the map, above, for Lauder’s theory). Most importantly, he
resolved its major anomaly, by discovering a previously unnoticed pass or col (“Col R2”) on the level of
Road R2 in Glen Roy, and clear evidence that it had indeed been an overflow from “Loch Roy” into
“Loch Spean” at that phase. He also confirmed Lauder's interpretation of the Pass of Muckul (Col S) as
the overflow channel from “Loch Spean” into Glen Spey to the east, with evidence that was inexplicable
on Darwin's marine theory.
The coup-de-grace for Darwin's theory (and also for that of non-glacial lakes) came a decade and a
half later, in 1861, when JAMIESON applied to Lochaber the much improved understanding of glacial
flow (that ice en masse acts as a viscous fluid) that Alpine geologists had meanwhile been developing. He
made a new and more thorough survey of the Roads and other features, particularly scratched bedrock
surfaces, moraines and erratics, which enabled him to reconstruct former glaciers that could have dammed
the vanished “Loch Gloy”, “Loch Roy” and “Loch Spean” in a complex sequence of phases that
accounted for all classes of evidence: Roads, overflow cols, scratched bedrock, moraines etc (1863).
Darwin then abandoned his marine explanation, though with great reluctance. But by this time his species
theory had long overtaken his global tectonic theory as the focus of his research, and anyway the former
no longer required the biogeographical model that had in part motivated the latter.

Map to illustrate Jamieson’s improved glacial theory (from Rudwick 1974/2005).
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Subsequent research in Lochaber, in the rest of the 19th century and through the 20th into the 21st,
has elaborated Jamieson's sequence, reconstructed it with much greater precision, and set it in a wider
context of Pleistocene glaciations, both locally and globally. But this research was, and still is, based on
what was so fruitfully observed, sketched, mapped and argued about in the half-century stretching from
Jamieson's fieldwork back to Lauder's and MacCulloch's. Darwin was surely too self-critical when in
retrospect he condemned his own contribution as “a great failure” and “one long gigantic blunder”. Even
if he got his fingers burnt, it was invaluable training in how to observe in the field and how to reason
about his observations; and even, perhaps, a useful dry run for On the Origin of Species. His error, if it
was one, was to have been over-committed to his tectonic theory, and to have rejected the lake theory on
inadequate grounds, even before the glacial theory introduced a new range of possibilities into the puzzle.
The episode as a whole is a neat illustration of a widespread pattern in scientific argument. Of two
incompatible initial alternatives - the lake and marine theories for the Roads – the first was progressively
improved by further fieldwork and its anomalies resolved, whereas the second was reduced to explaining
away its anomalies. In the end, the first was decisively improved and indeed transformed by the
introduction of a new explanatory resource (glacial action) unforeseen on either of the earlier theories.

MacCulloch’s paper 1817: View up Glen Roy (accurate but for the conventional vertical
exaggeration): this drawing was made – judging by the non-alignment of the Roads - from
the “Viewpoint” on the flank of Bohuntine hill, below the lowest Road R3.
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STOP 6.2: Ballachulish and Glencoe

STOP 6.2A – St John’s Church Ballachulish
This stop was taken from:
Treagus, J.E., Tanner, P.W.G., Thomas, P.R., Scott, R.A., Stephenson, D. 2013, The Dalradian
rocks of the central Grampian Highlands of Scotland. Proceedings of the Geologists’
Association, v. 124, pgs. 148-214.

STOP 6.2B –Ballachulish Visitor’s Center
This stop is supposed to have a really good exhibit about the mining history of the area – this
area is particularly known for its slate deposits.
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STOP 6.2A – St John’s Church Ballachulish
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STOP 6.2B –Ballachulish Visitor’s Center
This stop is supposed to have a really good exhibit about the mining history of the area – this
area is particularly known for its slate deposits.
https://www.wildlochaber.com/glencoe/geology/ballachulish-slate-quarry
The Ballachulish Slate Quarry cuts into a large
deposit of Ballachulish Slate Formation (Graphitic
Pelite) formed during the Precambrian about 800 million
years ago, following low grade metamorphism of very
fine grained mud shales (containing iron pyrite) . The
shales are part of the Dalradian Supergroup which have
been subjected to subsequent localised intrusions
(including basaltic dykes and quartz veins). Iron and
sulphur deposits have imparted a bluish hue to the slate.
Ballachulish Slate Quarry was established in 1692 and thrived during the 18th Century producing
many of the slate roof tiles for surrounding areas and those destined for Edinburgh and Glasgow. In
1845, the quarry supplied 26 million slates. However, much of the quarried slate was not fit for purpose
due to the presence of small quantities of iron pyrite which weathered rapidly in the Scottish climate and
increased the porosity of the tiles.
The quarry had a major impact of the lives of the villages, many of whom were employed in the
mine. All were affected directly or indirectly by its activities, and the intermittent deafening explosions
and the continual drilling, hammering and chiselling by both machine and man adversely affected the
village soundscape. There were also two long running dispute over medical care between the management
and the work forces, before the quarry eventually closed in 1955.
There is a short and interesting walk around the quarry, supported by interpretation boards on the
history of the quarry, the people, the nature and versatility of Ballachulish Slate, as well as an excellent
interpretation of the geology of the area (Lochaber Geopark). There are good views of the exposed quarry
faces with complex inclined bedding planes revealing the basalt dykes and quartz veins, as well as slaty
cleavage planes. There are two lovely deep quarry lochans, with bluish hues (due to the presence of iron
and sulphur); the second characterised by steep scree slopes. There is also a short walk from the quarry to
a slate arch by the side of the A82. The arch is made entirely of slate and is over 24 m high. The arch was
originally one of a pair and was constructed in 1822 to assist the movement of slate from the upper quarry
to the shore front using a fly wheel for transport on wagons. The slate arch is designated as a scheduled
monument by Historic Scotland.
156

STOP 6.3: River Orchy
This stop was taken from:
Treagus, J.E., Tanner, P.W.G., Thomas,
P.R., Scott, R.A., Stephenson, D.
2013, The Dalradian rocks of the
central Grampian Highlands of
Scotland. Proceedings of the
Geologists’ Association, v. 124, pgs.
148-214.
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STOP 6.4: Loch Lomond and The Trossachs National Park

The southern end of the Loch is crossed by the Highland Boundary Fault - a fracture caused by
movement in the earth's crust hundreds of millions of year ago. The Fault marks the geological division
between Highland and Lowland Scotland. The rocks around the Fault reveal a fascinating story. 600
million years ago (Ma), the pieces of the earths crust which eventually merged to become Scotland were
apart. Three separate pieces (terrains)- each with a different history - have been identified close to the end
of the Fault.
The line of the Highland Boundary Fault can be seen clearly from Conic Hill on the south-east
shore, looking west across the islands of Inchcailloch, Torrinch, Creinch and Inchmurrin.
The Dalradian
The Dalradian, as the rocks to the north of the Fault are called, began life as sand and mud on a
sea floor, over 600 Ma. As the continents which bounded the sea moved closer together, the sands were
buried tens of kilometers below the earths surface. Extreme pressure and temperature 'cooked' the
sediments into the hard schists and slates we see today, (metamorphic rocks). they also folded and
squeezed upwards, resulting in a mountain range that was once as high as the Himalayas.
The Midland Valley
South of the Fault lies a different terrain. It is composed of sedimentary rocks -sand and coal
measures - formed around an ancient river system some 300-400 Ma. The Midland Valley rocks form a
belt across central Scotland, interspersed with volcanic intrusions (igneous rocks), like the Kilpatrick
Hills and the Campsie Fells to the south and east of the Loch.
The Highland Border Complex
Between the Dalradian and the Midland Valley is evidence of a third terrain - the Highland
Border Complex. This is a mixture of rock types formed in a marine environment after 540 Ma. Since the
Dalradian rocks were being eroded at that time. and the Border Complex contains no Dalradian
sediments, geologists deduce that the two terrains had not yet come together.
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STOP 6.5: Dumbarton Rock
This citation has been hard to track
down but here is best I can do:
Whyte, F. and Weedon, D.S., >1968,
Excursion 7: Dumbarton Rock. Not
sure what it is published in but I’m
guessing a guidebook. pgs. 97-101.
I found it through the Geological
Society of Glasgow:
https://www.geologyglasgow.org.uk/do
cs/017_070__dumbartonrock_1425481
003.pdf

162

163

164

165

Day 7: Saturday, March 10th, 2018 – Isle of Arran or Hang out in Glasgow
Here we have some options –
1. Isle of Arran – Hutton’s unconformity and igneous rock features.
2. Back up to Loch Lomond and The Trossachs to do the Balhamha Trail
3. Hang out in Glasgow – museums, shops, pubs…
I am writing it up for the Isle of Arran but we’ll see how we feel.
STOP 7.0

STOP 7.3

STOP 7.1

STOP 7.2

8:00 AM: Leave the hostel
9:00 AM: Board the Ferry (Ferry leaves at 9:45 AM)
10:30 AM: Corrie Shore – tilted strata and fossils
12:00 PM: Lunch in Brodick
2:00 PM: Dumadoon – igneous intrusions
3:00 PM: Lochranza – Hutton’s Unconformity
4:30 PM: Board the Ferry (Ferry leaves at 4:40 PM)
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STOP 7.0: Glasgow City Center

Top 10 things to do in Glasgow according to Trip Advisor

·
·
·
·
·

Kelvingrove Art Gallery and Museum
The Riverside Museum of Transport and
Travel
The University of Glasgow
Buchanan Street
House for an Art Lover

·
·
·
·
·
·

STOP 7.1: Corrie Shore, Isle of Arran
The following is from:
MacDonald, J.G., 2015, Isle of
Arran: Corrie Shore.
Geological Society of
Edinburgh Excursion
Itineraries. Version 1.1, 10
pgs.
.
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Pollock Country Park
Walking Tours
Botanic Gardens and Kibble Palace
The Necropolis
Tennents Wellpark Brewery
Kelvingrove Park
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STOP 7.2: Drumadoon, Isle of Arran

The following is from:

MacDonald, J.G., 2015, Isle of Arran: Drumadoon and the Tormore Dykes.
Geological Society of Edinburgh Excursion Itineraries. Version 1.0, 6 pgs.
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STOP 7.3: Lochranza, Isle of Arran

The following is from:

MacDonald, J.G., 2015, Isle of Arran: Loch Ranza, North Newton, and Cock of Arran.
Geological Society of Edinburgh Excursion Itineraries. Version 1.0, 6 pgs.
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Day 8: Sunday, March 11th, 2018 – Fly back to DC
6:00 AM: Leave hostel to return the cars and for the airport
8:55 AM: Depart from Glasgow (British Air BA1447) to London Heathrow
10:25 AM: Arrive in London
11:25 AM: Depart for Washington Dulles (British Air BA0217)
3:50 PM: Arrive in Washington, DC-Dulles (IAD)

GLOSSARY OF SCOTTISH AND GEOLOGIC TERMS
Most of the Scottish or Scotland specific definitions were taken from:
Gillen, C., 2013, Geology and Landscapes of Scotland. Dunedin Academic Press Ltd., 246 pgs.
Abhainn: river (Gaelic)
Accessory: A mineral whose presence in a rock is not essential to the proper classification of the rock.
Acid: A descriptive term applied to igneous rocks with more than 60% silica (SiO2). Same as felsic.
Active Volcano: A volcano that is erupting. Also, a volcano that is not presently erupting, but that has
erupted within historical time and is considered likely to do so in the future.
Alkalic: Rocks which contain above average amounts of sodium and/or potassium for the group of rocks
for which it belongs. For example, the basalts of the capping stage of Hawaiian volcanoes are
alkalic. They contain more sodium and/or potassium than the shield-building basalts that make
the bulk of the volcano.
Allt: stream (Gaelic)
Andesite: Volcanic rock (or lava) characteristically medium dark in color and containing 54 to 62
percent silica and moderate amounts of iron and magnesium.
Armorican Orogeny: Mountain-building episode in central Europe, Carboniferous to Permian, 380-280
million years; Gondwana collided with Laurussia and created the supercontinent of Pangea; also
know as the Hercynian or Variscan orogeny.
Asthenosphere: The shell within the earth, some tens of kilometers below the surface and of undefined
thickness, which is a shell of weakness where plastic movements take place to permit pressure
adjustments.
Aquifer: A body of rock that contains significant quantities of water that can be tapped by wells or
springs.
Badcallian: Precambrian (2900 million years ago) folding and metamorphism of the Lewisian rocks
around Scourie; previously called the Scourian
Badenoch Group: Quartz-rich metamorphic rocks found to the east of the Great Glen Fault; deposited as
sediments around 870 million years ago; basement to the Dalradian; previously known as Central
Highland Migmatite Complex.
Bàgh: bay (Gaelic)
Barrovian Metamorphism: Type of regional metamorphism found in the Grampian Highlands, showing
progressive grades from slate (originally shale) through schist to gneiss with increasing pressure
and temperature.
Barrow’s metamorphic zones: Progressive sequence of minerals in regional metamorphic rocks, from
chlorite to biotite, then garnet, kyanite, and sillimanite.
Basalt: Volcanic rock (or lava) that characteristically is dark in color, contains 45% to 54% silica, and
generally is rich in iron and magnesium.
Basement: The undifferentiated rocks that underlie the rocks of interest in an area.
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Basic: A descriptive term applied to igneous rocks (basalt and gabbro) with silica (SiO2) between 44%
and 52%. Same as mafic
Bealach: mountain pass (Gaelic)
Ben: mountain (Gaelic: shortened form of beinne)
Blanket bog: Broad, flat expanse of peat.
Buchan type metamorphism: High-temperature regional metamorphism, found in Dalradian schists of
Northeast Scotland, adjacent to large-ultrabasic igneous intrusion.
Caldera: The Spanish word for cauldron, a basin-shaped volcanic depression; by definition, at least a
mile in diameter. Such large depressions are typically formed by the subsidence of volcanoes.
Crater Lake occupies the best-known caldera in the Cascades.
Caledonian orogeny: Mountain-building episode 500-400 million years old that created the mountain
chain in Ireland, Scotland, Wales, western Norway, and Greenland. Early events are referred to as
Grampian, later as Scandian.
Cauldron subsidence: Collapse of a cylindrical volcanic crater and subsurface igneous intrusion into
deeper levels of the crust, with the formation of a ring fracture; this is followed by upwelling of
magma to form a ring intrusion near the surface.
Cinder Cone: A volcanic cone built entirely of loose fragmented material (pyroclastics.)
Cirque: A steep-walled horseshoe-shaped recess high on a mountain that is formed by glacial erosion.
Cleavage: The breaking of a mineral along crystallographic weak lattice planes that reflect weaknesses in
a crystal structure.
Columbia: Precambrian supercontinent made of Laurentia and Baltica that formed 2100-1800 million
years ago and lasted to 1500-1200 million years ago.
Composite Volcano: A steep volcanic cone built by both lava flows and pyroclastic eruptions.
Conduit: A passage followed by magma in a volcano.
Continental Crust: Solid, outer layers of the earth, including the rocks of the continents.
Continental Drift: The theory that horizontal movement of the earth's surface causes slow, relative
movements of the continents toward or away from one another.
Corrie: Glacial landform on a mountainside, caused by ice dislodging large, steep-walled segment of
bedrock; also cirque (French) or cwm (Welsh).
Country Rocks: The rock intruded by and surrounding an igneous intrusion.
Crag: stone, rock, cliff (Gaelic: shortened form of creag)
Crag and tail: Glacial landform, crag consisting of hard igneous rock forming steep face and tail being
made of softer sedimentary rock or glacial sediment behind crag; ice-movement direction was
from crag to tail, giving streamlined feature.
Crater: A steep-sided, usually circular depression formed by either explosion or collapse at a volcanic
vent.
Craton: A part of the earth's crust that has attained stability and has been little deformed for a prolonged
period.
Dacite: Volcanic rock (or lava) that characteristically is light in color and contains 62% to 69% silica and
moderate a mounts of sodium and potassium.
Dalradian: Sequence of late Precambrian to early Cambrian sedimentary and volcanic rocks in Scotland
and Ireland, approximately 730-480 millions years old, folded and metamorphosed during the
Caledonian orogeny; found between Great Glen Fault and Highland Boundary Fault; also known
as Dalradian Supergroup.
Detachment Plane: The surface along which a landslide disconnects from its original position.
Diatreme: A breccia filled volcanic pipe that was formed by a gaseous explosion.
Dike: A sheet-like body of igneous rock that cuts across layering or contacts in the rock into which it
intrudes.
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Dormant Volcano: Literally, "sleeping." The term is used to describe a volcano which is presently
inactive but which may erupt again. Most of the major Cascade volcanoes are believed to be
dormant rather than extinct.
Drainage Basin: The area of land drained by a river system.
Durness Limestone: Informal name used here and on older maps for Durness Group carbonates.
Cambrian to Ordovician in age; found in Northwest Highlands and Skye.
Eas: waterfall (Gaelic)
Eclogite: High-pressure metamorphic rock formed from basalt slab taken down a subduction zone (to
50-60 km); main mineral are red glassy garnet (pyrope) and bright green pyroxene (omphacite).
Greek: specially chosen, on account of the unusual mineral compositon.
Eilean: island (Gaelic)
En Echelon: Set of geologic features that are in an overlapping or a staggered arrangement (e.g., faults).
Each is relatively short, but collectively they form a linear zone in which the strike of the
individual features is oblique to that of the zone as a whole.
Eruption: The process by which solid, liquid, and gaseous materials are ejected into the earth's
atmosphere and onto the earth's surface by volcanic activity. Eruptions range from the quiet
overflow of liquid rock to the tremendously violent expulsion of pyroclastics.
Eruptive Vent: The opening through which volcanic material is emitted.
Essexite: A type of gabbro; found at Lennoxtown (Campsies) and Crawfordjohn (Sanquhar); highly
distinctive glacial erratic.
Eurasia: Giant continent consisting of Europe, India, and Asia.
Extinct Volcano: A volcano that is not presently erupting and is not likely to do so for a very long time
in the future.
Extrusion: The emission of magmatic material at the earth's surface. Also, the structure or form
produced by the process (e.g., a lava flow, volcanic dome, or certain pyroclastic rocks).
Facies: Total set of characteristics in a rock; in sedimentary rocks this will include grain composition and
size, sedimentary structures, etc. and can be used to interpret past environment of deposition, e.g.,
river bed, delta, desert floor, shallow sea, lake, or lagoon; in metamorphic rocks the facies is a
combination of pressure and temperature conditions that produced a particular set of minerals
under those conditions.
Fault: A crack or fracture in the earth's surface. Movement along the fault can cause earthquakes or--in
the process of mountain-building--can release underlying magma and permit it to rise to the
surface.
Fault Scarp A steep slope or cliff formed directly by movement along a fault and representing the
exposed surface of the fault before modification by erosion and weathering.
Felsic: An igneous rock having abundant light-colored minerals.
Felsite: Red or black very fine-grained igneous rock, originally a volcanic glass.
Fluvial: Produced by the action of flowing water.
Formation: A body of rock identified by lithic characteristics and stratigraphic position and is map able
at the earth's surface or traceable in the subsurface.
Glen: narrow valley (Gaelic: shortened form of gleann)
Gondwana (Gondwanaland): Supercontinent formed 200 million years ago by the accretion of the
southern continents, Australia, Antarctica, South America, India, and Africa; began to rift apart
180 million years ago.
Gorm: green, bluish green (Gaelic)
Graben: An elongate crustal block that is relatively depressed (down dropped) between two fault
systems.
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Grampian Phase: Deformation and metamorphism of Moine and Dalradian rocks in the Highlands, 480465 million years ago; gabbros and granites in Aberdeenshire formed in the event; caused by the
collision of edge of Laurentia with an island arc; early part of the Caledonian orogeny.
Grenville orogeny: A series of mountain-building events (folding, metamorphism, Migmatite
formation) in the Precambrian that led to the formation of the Rodinia supercontinent, comprising
Laurentia, Baltica, Siberia, and Gondwana, 1100-900 million years ago; eclogites formed in
Glenelg, and there were movements on the Outer Hebrides Fault
Hardness: The resistance of a mineral to scratching.
Hebridean Igneous Province: Scottish Part of the North Atlantic Igneous Province, active mainly 60-55
million years ago; previously known as the British Tertiary Igneous Province.
Hercynian orogeny: Mountain-building episode in central Europe, Carboniferous to Permian, 380-280
million years ago; Gondwana collided with Laurussia and created the supercontinent of Pangea;
also known as the Variscan or Armorican orogeny.
Highland Border Complex: Series of sedimentary and igneous rocks, including ocean-floor pillow
lavas, of late Precambrian to Ordovician age (600-450 million years old) found patchily in a
narrow belt along the Highland Boundary Fault.
Highland Border Ophiolite: Part of the Highland Border Complex lying tectonically above the
sedimentary Trossachs Group (top of the Dalradian), probably originated from slices of the
mantle and ocean floor.
Holocene: The time period from 10,000 years ago to the present. Also, the rocks and deposits of that age.
Horst: A block of the earth's crust, generally long compared to its width that has been uplifted along
faults relative to the rocks on either side.
Iapetus Ocean: Wide (up to 2000 km) ocean between Laurentia (North America, Greenland, and
Scotland), Gondwana (Europe and the southern continents), and Baltica (Scandinavia and Russia)
that existed from 580 to 420 million years ago; the line of collision between Scotland and Englan
along the Solway Firth is known as the Iapetus Suture.
Ignimbrite: Igneous rock formed by ash and broken crystals in a violent volcanic eruption, so hot that
clouds of material are welded together.
Inbhir: mouth of a river (Gaelic)
Innis: pasture beside a river, or island in a river (Gaelic)
Inselberg: Landscape feature formed by steep, isolated mountain rising above low, flat terrain.
Intermediate: A descriptive term applied to igneous rocks that are transitional between basic and acidic
with silica (SiO2) between 54% and 65%.
Intrusion: The process of emplacement of magma in pre-existing rock.
Intrusive: A term that refers to igneous rock mass formed at depth within surrounding rock.
Inver: mouth of a river (Gaelic: shortened form of inbhir)
Inverian: Folding, metamorphism, and shearing events in the Lewisian Gneiss Complex around Scourie
and Lochinver, younger that the Badcallin (early Silurian) events.
Joint: A surface of fracture in a rock.
Kenorland: One of the earliest supercontinents, formed by 2700 million years ago and broke up 24502100 million years ago with the creation of Laurentia.
Knock and lochan: Topography formed in Lewisian Gneiss by glacial erosion of the landscape; low,
bare, rounded rocky hills (cnoc in Gaelic) with small, shallow lochs and peat bogs between.
Knoydartian orogeny: Folding and metamorphism events in Moine rocks of Northen Highlands 820780 million years ago.
Laccolith: A body of igneous rocks with a flat bottom and domed top. It is parallel to the layers above
and below it.
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Lake Cadell: Large inland shallow lake that existed in the Carboniferous in the area that is now West
Lothian, in which oil shales accumulated; home to abundant fossil fish; surrounded by volcanoes
of the Bathgate Hills.
Lake Orcadie: Devonian (380 million years old) shallow-water lake or inland sea that occupied the area
of present-day Moray Firth, Caithness, Orkney, and south Shetland, where flagstones formed and
in which primitive fish lived.
Laurasia: Supercontinent in the northern hemisphere, formed in the Triassic by accretion of North
America, Greenland, Europe, and Asia.
Laurentia: Precambrian continent, consisting of North America, Greenland, and Northwest Scotland;
collided with Baltica and Avalonia to create the Caledonian mountain belt.
Laurussia: Supercontinent formed when the Iapetus Ocean closed and Baltica and Avalonia collided
with Laurentia 425 million years ago.
Lava: Magma which has reached the surface through a volcanic eruption. The term most commonly
applied to streams of liquid rock that flow from a crater or fissure. It also refers to cooled and
solidified rock.
Lava Flow: An outpouring of lava onto the land surface from a vent or fissure. Also, a solidified tongue
like or sheet-like body formed by outpouring lava.
Laxfordian: Series of orogenic (mountain-building) events – folding, metamorphism, shearing, and
intrusion of granites and pegmatites – affecting Lewisian rocks 1900-1750 million years ago, to
produce gneisses and migmatites; named after Lock Laxford in Sutherland
Lewisian: Precambrian gneisses (3100-1750 million years old) forming the basement rocks of the
Northwest Highlands and Outer Hebrides; also known as the Lewisian Gneiss Complex.
Lithic: Of or pertaining to stone.
Lithosphere: The rigid crust and uppermost mantle of the earth. Thickness is on the order of 60 miles
(100 km). Stronger than the underlying asthenosphere.
Loch: lake (Gaelic)
Lochan: small lake (Gaelic)
Loch Lomond Readvance (Loch Lomond Stadial): Cold period at the end of the most recent ice age,
11,000-10,000 years ago; re-establishment of a mountain icecap form Torridon to Loch Lomond,
after the melting of the main ice sheet.
Lopolith: Large layered basic igneous intrusion in the shape of a saucer; e.g., the Great Eucrite on Rum
Luster: The reflection of light from the surface of a mineral.
Machair: Coastal landform in western Scotland, consisting of shell sand covered by rich, fertile soil;
sand dunes and white sandy beaches at sea level.
Mafic: An igneous composed chiefly of one or more dark-colored minerals.
Magma: Molten rock beneath the surface of the earth.
Magma Chamber: The subterranean cavity containing the gas-rich liquid magma which feeds a volcano.
Magmatic: Pertaining to magma.
Mantle: The zone of the earth below the crust and above the core.
Marl: very fine lime mudstone
Matrix: The solid matter in which a fossil or crystal is embedded. Also, a binding substance (e.g.,
cement in concrete).
Metasomatism: Chemical changes brought about in rocks by the action of hot fluids (water and carbon
dioxide in the main), usually penetrating from large igneous intrusions in to reactive country
rocks (host rocks); useful mineral deposits may result from chemical reactions and precipitation.
Miocene: An epoch in Earth's history from about 24 to 5 million years ago. Also refers to the rocks that
formed in that epoch.
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Moho: Also called the Mohorovicic discontinuity. The surface or discontinuity that separates the crust
from the mantle. The Moho is at a depth of 5-10 km beneath the ocean floor and about 35 km
below the continents (but down to 60 km below mountains). Named for Andrija Mohorovicic, a
Croatian seismologist and wild blender aficionado.
Mòine: peat, peat bog (Gaelic)
Moine Thrust Zone: Narrow belt of faulted rocks in Northwest Scotland marking the edge of the
Caledonian fold belt, where Moine rocks were transported across the foreland of mainly Lewisian
and Torridon rocks.
Moine Supergroup: Precambrian metamorphosed sediments (mica schists and quartzites), 980-875
million years old, norh of the Great Glen Fault and east of the Moine Thrust Zone in the
Northwest Highlands of Scotland; also called Moine schist or Moine rocks.
Monadnock: Prominent, isolated mountain standing up above a low, flat plain.
Morarian: Folding and metamorphism of Moine rocks 750-730 million years ago.
Nappe: Large sheet of rock transported above a thrust fault; from French for ‘tablecloth’; nappe
structures are common in the Northwest Highlands, in the Moine Thrust Zone.
Ness: promontory (Gaelic: shortened form of nis)
New Red Sandstone: Permian and Triassic rocks, deposited in desert conditons
North Atlantic Drift: Northeastern part of the Gulf Stream that brings warm equatorial waters north to
Scotland, Iceland, and northern Norway; responsible for higher winter temperatures than other
places on the same latitude.
North Atlantic Igneous Province: Broad area of igneous activity during the Tertiary, 60-55 million
years ago, embracing East Greenland and Northwest Scotland that produced large volumes of
basalt lava from central complexes, e.g., Mull, Skye, Rum; resulted from a mantle plume
intruding the base of the crust.
Nunatak: Isolated peak of bedrock protruding above an icecap; Greenlandic word.
Obduction: Process by which isolated slices of oceanic crust are detached and thrust upwards into folded
rocks of the continental crust during mountain building; the deformed oceanic rocks in such
situations are referred to as ophiolites.
Oceanic Crust: The earth's crust where it underlies oceans.
Old Red Sandstone: Continental sedimentary rocks formed in valleys and floodplains during the
Devonian Period by rivers flowing off the Caledonian Mountains; the red color is due to iron
staining in the cement.
Orcadian Basin: Sedimentary basin in northeast Scotland, encompassing Orkney, Caithness, and the
Moray Firth, filled mostly with Devonian sedimentary rocks (Caithness Flagstones)
Outer Hebrides Fault: Major thrust fault running down the east side of the Outer Hebrides; possibly
originated 1750 million years ago, moved during Grenville orogeny 1100 million years ago and
during Caledonian orogeny 430 million years ago; a brittle fault, characterized by pseudotachylite
intrusion along it; may represent a boundary between the Lewisian of the Hebride and the
mainland; also known as Outer Isles Thrust.
Outlier: Isolated body of younger rock surrounded by older rocks and situated at a distance from main
outcrop.
Pangea: Name of a supercontinent that existed from 300-200 million years ago and included all the
world’s continents; rifted into the northern continents or Laurasia and the southern continents or
Gondwana, separated by the Tethys Sea; surrounded by the ocean Panthalassa.
Panthalassa: Name of the ocean that surrounded the supercontinent of Pangea.
Peralkaline: Igneous rocks in which the molecular proportion of aluminum oxide is less than that of
sodium and potassium oxides combined.
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Pipe: A vertical conduit through the Earth's crust below a volcano, through which magmatic materials
have passed. Commonly filled with volcanic breccia and fragments of older rock.
Pitchstone: Volcanic glass, usually black; formed by very rapid cooling of lava so that crystals had no
time to grow; forms extremely sharp fragments when broken; similar to obsidian
Plate Tectonics: The theory that the earth's crust is broken into about 10 fragments (plates,) which move
in relation to one another, shifting continents, forming new ocean crust, and stimulating volcanic
eruptions.
Pleistocene: An epoch in Earth history from about 2-5 million years to 10,000 years ago. Also refers to
the rocks and sediment deposited in that epoch.
Plug: Solidified lava that fills the conduit of a volcano. It is usually more resistant to erosion than the
material making up the surrounding cone, and may remain standing as a solitary pinnacle when
the rest of the original structure has eroded away.
Plug Dome: The steep-sided, rounded mound formed when viscous lava wells up into a crater and is too
stiff to flow away. It piles up as a dome-shaped mass, often completely filling the vent from
which it emerged.
Pluton: A large igneous intrusion formed at great depth in the crust.
Precambrian: All geologic time from the beginning of Earth history to 570 million years ago. Also
refers to the rocks that formed in that epoch.
Pseudotachylite: Black glassy rock forcibly injected as thin veins into fractured gneiss along thrust
planes; characteristic of Outer Hebrides Fault, where it originated by frictional melting of gneiss.
Pumice: Light-colored, frothy volcanic rock, usually of dacite or rhyolite composition, formed by the
expansion of gas in erupting lava. Commonly seen as lumps or fragments of pea-size and larger,
but can also occur abundantly as ash-sized particles.
Quaternary: The period of Earth's history from about 2 million years ago to the present; also, the rocks
and deposits of that age.
Relief: The vertical difference between the summit of a mountain and the adjacent valley or plain.
Rhyodacite: An extrusive rock intermediate in composition between dacite and rhyolite.
Rhyolite: Volcanic rock (or lava) that characteristically is light in color, contains 69% silica or more, and
is rich in potassium and sodium.
Rift System: The oceanic ridges formed where tectonic plates are separating and a new crust is being
created; also, their on-land counterparts such as the East African Rift of Africa or Southwest Rift
of Hawaii.
Rift Zone: A zone of volcanic features associated with underlying dikes. The location of the rift is
marked by cracks, faults, and vents.
Roche Moutonnée: A landform created by glacial erosion when bedrock outcrops are streamlined by
moving ice that climbs up a smooth whaleback and plucks material away from the sheltered steep
side (French: refers to a wig held on the head by pieces of sheep’s fat).
Rodinia: Supercontinent that formed 1100 million years ago by the collision of Laurentia, Baltica,
Siberia, and Gondwana (i.e., nearly all the continents) in the Grenville orogeny, when parts of the
Northern Highlands formed; Rodinia began to rift apart 750-600 million years ago, when the
Iapetus Ocean formed as a result; Rodinia is derived from the Russian for ‘motherland’.
Scandian Phase: Folding, metamorphism, and thrusting events in Northern Highlands 435-425 million
years ago; late stage of Caledonian orogeny.
Scoria: A bomb-size (> 64 mm) pyroclast that is irregular in form and generally very vesicular. It is
usually heavier, darker, and more crystalline than pumice.
Scourian: Folding and metamorphism of the early crust in the Northwest Highlands, to produce
Lewisian gneiss and granulite, 2900 million years ago; now divided into earlier Badcallian and
later Inverian events; named after Scourie Sutherland.
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Scourie Dykes: Swarms of northwest-southeast dolerite dykes intruded into Lewisian gneiss 2400-2000
million years ago.
Seafloor Spreading: The mechanism by which new seafloor crust is created at oceanic ridges and slowly
spreads away as plates are separating.
Seismograph: An instrument that records seismic waves; that is, vibrations of the earth.
Seismologist: Scientists who study earthquake waves and what they tell us about the inside of the Earth.
Seismometer: An instrument that measures motion of the ground caused by earthquake waves.
Shearing: The motion of surfaces sliding past one another.
Shear Waves: Earthquake waves that move up and down as the wave itself moves. For example, to the
left.
Sheiling: Upland pasture, used from grazing cattle in summer; also a summer hut built on the pasture;
Old Norse origin.
Silica: A chemical combination of silicon and oxygen.
Sill: A tabular body of intrusive igneous rock, parallel to the layering of the rocks into which it intrudes.
Skerry: A rough rocky reef near the shore (Norse origin: sgeir in Gaelic).
Sleat Group: Lowest part of the Torridonian, found in southeast Skye; sandstones and shales laid done
by rivers and lakes.
Specific Gravity: The density of a mineral divided by the density of water.
Stalactite: A cone shaped deposit of minerals hanging from the roof of a cavern.
Stoer Group: Early part of the Torridonian, 1200 million years old, below the main Torridon Group,
lying directly on Lewisian basement and formed of course conglomerate and sandstone; named
after the Stoer Peninsula in northwest Sutherland.
Strath: A broad, flat river valley in the Highlands (Gaelic origin).
Stratigraphic: The study of rock strata, especially of their distribution, deposition, and age.
Stratovolcano: A volcano composed of both lava flows and pyroclastic material.
Streak: The color of a mineral in the powdered form.
Strike-Slip Fault: A nearly vertical fault with side-slipping displacement.
Subduction Zone: The zone of convergence of two tectonic plates, one of which usually overrides the
other.
Talus: A slope formed at the base of a steeper slope, made of fallen and disintegrated materials.
Tethys Sea: Former sea that existed between Laurasia and Gondwana; obliterated by the creation of the
Alpine-Himalayan mountain chain; the Mediterranean Sea is the last remnant of Tethys.
Torridon Group: Red sandstone, arkose and conglomerate, 1000 million years old, forming imposing
mountains on the northwest seaboard.
Torridonian: Informal name for an important sedimentary formation lying above the Lewisian basement
and below Cambrian-Ordovician sediments of the Northwest Highlands, west of the Moine Thrust
Zone.
Trachyandesite: An extrusive rock intermediate in composition between trachyte and andesite.
Trachybasalt: An extrusive rock intermediate in composition between trachyte and basalt.
Trachyte: A group of fine-grained, generally porphyritic, extrusive igneous rocks having alkali feldspar
and minor mafic minerals as the main components, and possibly a small amount of sodic
plagioclase.
Trossachs Group: Proposed name for youngest part of the Dalradian, above the Southern Highlands
Group; sedimentary part of the Highland Border Complex, beneath the Highland Border
Ophiolite; age is early Cambrian to early Ordovician.
Tuff: Rock formed of pyroclastic material.
Ultramafic: Igneous rocks made mostly of the mafic minerals hypersthene, augite, and/or olivine.
190

Unconformity: A substantial break or gap in the geologic record where a rock unit is overlain by another
that is not next in stratigraphic succession, such as an interruption in continuity of a depositional
sequence of sedimentary rocks or a break between eroded igneous rocks and younger sedimentary
strata. It results from a change that caused deposition to cease for a considerable time, and it
normally implies uplift and erosion with loss of the previous formed record.
Variscan orogeny: Mountain-building episode in central Europe, Carboniferous to Permian, 380-280
millions years ago; Gondwana collided with Laurussia and created the supercontinent of Pangea;
also known as Hercynian or Armorican orogeny.
Vent: The opening at the earth's surface through which volcanic materials issue forth.
Vesicle: A small air pocket or cavity formed in volcanic rock during solidification.
Viscosity: A measure of resistance to flow in a liquid (water has low viscosity while honey has a higher
viscosity.)
Volcano: A vent in the surface of the Earth through which magma and associated gases and ash erupt;
also, the form or structure (usually conical) that is produced by the ejected material.
Volcanic Arc: A generally curved linear belt of volcanoes above a subduction zone, and the volcanic and
plutonic rocks formed there.
Volcanic Complex: A persistent volcanic vent area that has built a complex combination of volcanic
landforms.
Volcanic Neck: A massive pillar of rock more resistant to erosion than the lavas and pyroclastic rocks of
a volcanic cone.
Vulcan: Roman god of fire and the forge after whom volcanoes are named.
Vulcanian: A type of eruption consisting of the explosive ejection of incandescent fragments of new
viscous lava, usually on the form of blocks.
Wadi: River bed or steep-sided canyon in desert regions, where large amounts of sediment are
transported in intermittent flow during flash floods.
Water Table: The surface between where the pore space in rock is filled with water and where the pore
space in rock is filled with air.
Xenocrysts: A crystal that resembles a phenocryst in igneous rock, but is a foreign to the body of rock in
which it occurs.
Xenoliths: A foreign inclusion in an igneous rock.
Younger Moines: Former name for the Badenoch Group, previously also known as the Dava-Glen
Banchor succession or the Central Highland Migmatite Complex; northeast Grampian Highlands,
south of Inverness; basement to the Dalradian.
Zechstein Sea: Shallow, warm, salty inland sea that existed in Germany, Denmark, and the North Sea
during the late Permian Period (254-250 million years ago); evaporate deposits formed (thick
beds of halite, gypsum, anhydrite).
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ADDITIONAL RESOURCES
Edinburgh Geological Society
· This site has a lot of resources – Many guidebooks are available for purchase there
- http://www.edinburghgeolsoc.org/publications/geological-excursion-guides/
· There is a searchable map linked to geology leaflet for various sites in the Edinburgh region
- http://www.edinburghgeolsoc.org/publications/geoconservation-leaflets/
The Geological Society of Glasgow
· A site map with various location linked to guides, also other good stuff around the website
· https://www.geologyglasgow.org.uk/geoconservation/
Joint Nature Conservation Committee
· This site has many geological write-ups for various sites across the UK. Mostly just the
quaternary geology sites are uploaded, but others are available for purchase
- http://jncc.defra.gov.uk/page-4172
· Here are all the pdfs
- http://jncc.defra.gov.uk/pdf/gcrdb/
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BUDGET INFORMATION
(as of 01/14/18)
Cost of plane flights ($558 x 7)

$6,132

Total cost of lodging

$3,124

Transportation (vehicles)

$1,254

Bannockburn Museum Reservations
Total Expenditures so far

$170
$10,680

Funds Remaining

$5,970

Estimation of gas and taxi costs

$1,000

Remaining funds for food, entries, etc.

$4,970

or ~$56 per person per day based on the 11 people and the 8 days on the ground in Scotland
This will cover food and random tours we will be taking (Castles, Museums, Battlefields, Distilleries)
Total Cost of the Trip:

$16,650

Cost per student (5 people) for the trip

$1,350

Cost per professor (6 people) for the trip

$1,650
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BOOKING RECEIPTS
AIRFARE
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BANNOCKBURN MUSEUM
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PREVIOUS SPRING BREAK GROUPS

SPRING BREAK 2015 – NORTH CAROLINA
Picture taken at Ray Mine Pegmatite mine, Spruce Pine, NC
Left to Right: Kris Miller, Luke Layton, Leah Marko, Andrew Barchowsky,
Matt Gerber, and Ryan Kerrigan

SPRING BREAK 2016 – ICELAND
Picture taken on columnar joints at Reynisfjara Beach, Iceland
Top Row: Tyler Norris, Lorin Simboli, Allie Marra, Luke Layton; Bottom Row: Catie Bert, Matt Leger;
Not Pictured: Ryan Kerrigan, Terry McConnell, and Steve Lindberg
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SPRING BREAK 2017 – HAWAII
Picture taken at the rim of Mauna Ulu in Volcanoes National Park
L-R: Jacob Williamson-Rea, Tyler Norris, Kris Miller, Allie Marra, Luke Layton, Matt Leger, Katie
Roxby, and Ryan Kerrigan
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