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Fig.4-1. Major basement provinces of the British Isles with the
geophysical profiles mentioned in the text (4.2): WINCH
profile = heavy line A~K; MOIST profile = dashed line;
LISPB = solid line; SALT = dotted line (continuing
eastwards off map); and the shear- wave profiles of
Stuart & Clark (1981) = dashed line between seismograph
stations, VAL, ESK and WOL. (Based on Fig.l of Brewer
et al. 1983, reprinted with permission from Nature,

Vol.305, No0.5931, p.207. Copyright (c) 1983, Macmillan 269
Journals Limited.)
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Fig.4-3. The major faults of Scotland. Thick dashed 1lines =
deep-seated faults bounding blocks and controlling
sedimentation; SUF = Southern Uplands Fault, OF =
Ochill fault, HBF = Highland boundary fault, SGF =
Strath Glass Fault, SCF = Strath Conon Fault, KHF =
Kinloch Hourn Fault, LMF = Loch Maree Fault, MF = Minch
Fault. (Onshore faults from "Tectonic map of Great
Britain and Northern Ireland", I.G.S. 1966; offshore
faults from Evans et al. 1982).
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o oo Tertiary arcuate fractures 4 Cairngorm centre

Fig.4~4. Auden's (1954) map of fractures in Scotland compiled from published

maps and by inference from topographic features. His suggestions for

Tertiary arcuate fractures around a point near Eigg and for radial
fractures around Cairngorm are indicated.
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Fig.4-7. Major Tertiary faults (compiled mainly from Binns et
al. 1975). The main onland Tertiary igneous centres are
marked by an asterisk.
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4-9

. 500

Fig.4-9. Stress measurements in NW Europe. Bars
horizontal compressive stress; solid circles = in

= directions of maximum
situ stress
= derivation from fault plane solutions.
The six British in situ stress measurements detailed in Table 4-1
(section 4.5.3) are numbered. Also shown are the three fault plane
solutions for Britain and the upper Rhine graben strike slip motion.

(Compiled from Ahorner 1975, Ranalli & Chandler 1975, Klein & Brown
1983, and Bevan & Hancock 1986.)

measurements; open circles
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Fig.5-2. Distribution of British earthquakes during the last seven centuries
(from Ambraseys & Jackson 1985).
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Depths (symbol types) km

@ up to 5.00
M 501  to15.00

A 15.01 or greater

Magnitude (symbol radius)

up to 1.00

1.01 to 2.00

' 2.01 to 3.00

' 3.01 to 4.00
! 4.01 or greater

SYMBOL KEY FOR FIGURES 5-3, 5-4 & 5-7.

MAGNITUDE
(Symbol Radius)
< 1.0

A

. 1.0 s AND 2.0
: 2.0 s AND < 3.0
i 3.0 < A4ND < 4.0

| 4.0 < AND < S.0

SYMBOL KEY FOR FIGURES 5-5, 5-6 & 5-8.
(No depth information)
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Fig.5-8. B.G.S. data (from Turbitt 1985).
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Fig.5-10 A. Gutenberg and Richter's cumulative frequency plot of large shallow
earthquakes. A linear relationship is observed for events less than
Ms=7, but for larger events the relationship tends towards the
vertical in the vicinity of Ms=8.6 (redrawn from Chinnery & North
1975).

B. Cumulative frequency plot for the New Madrid area, U.S.A., recent and
historical data, showing a clear bimodal seismicity distribution (form
Main and Burton 1986).
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Fig.6-2. Plot of maximum distance to site of liquefaction against earthquake
magnitude. Sources of data points shown. The relationship shown (line
& formula) is that of Kuribayashi & Tatsuoka (1975). (Redrawn from

Davis & Berrill 1983). .
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Fig.6-3. Ball-and-pillow structures in:

(Holocene), Turkey (Mempton & Dewey 1983).

A&B) Lake Hazar

ia (Sims 1975).

C) Lake Cahuilla (Holcere), Californ

1958).

Luxemburg (Kuenen

Ardennes,

ndstone,

0) Devonian sa
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b-4

Fig.6-4. Kuenen's experimental pseudonodules. Five stages (A-E) in the loading
of sand beneath a slight burden of coarse sand (A) into mud. The
experiment was made by subjecting a sediment-filled aquarium to shocks
from a rubber hammer or vibrations from an electric motor (Pettijohn
et al. 1973, as redrawn from Kuenen (1958).).
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homogenized

rubbled

fault-graded

Fig.6-5. Fault-grading stratigraphy as described by Seilacher (1969, 1984) in
the Miocene, Monterey Shale, California. For descriptions of units see
text in section 6.1.3.
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Fig.6-7. A) Effective stress path for monotonically increasing
shear stress in an wundrained soil, from an initial
value of G' to failure at o;'. The shape of the stress
ellipse 1is determined by the properties of the soil.
(Redrawn from Dikmen & Ghaboussi 1984).

B .4

Q\V

elastic zone

B) Effective stress path for cyclic 1loading of an
undrained soil. During unloading, effective stress is
assumed constant. The elastic zone shown 1is for the
first stress-cycle only, and defined by the 'current
yield line'. As the effective stress decreases the
stress ratio (t/¢g') increases. As the stress ratio
approaches the failure line 'initial liquefaction' is
achieved; complete failure results in complete
liquefaction. (Adapted from Dikmen & Ghaboussi 1984).
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Fig.6-9. Theoretical and experimental studies on effective stress and

liquefaction from the companion papers: Dikmen & Ghaboussi, Ghaboussi
& Dikmen (1984). (For discussion see text in section 6.2.3).
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Fig.6-10. Ball-and-pillow horizons in Finland (drawings of photographs by
Vesajoki (1982)).

A) Stratigraphy exposed in the artificially drained Lake Hoytidinen,

showing near-shore sands overlying silts (hatched) containing pillowed
sands.

B) Overturned pillow of sand in silt (hatched) in glacio-fluvial deposits
at Ahvensalo.

C) Glacio-fluvial deposits at Nis3jarvi, showing intrusion and
loading in silts and fine sands. 2S7
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o 6-12

Fig.6-12. Types of involuted structures (after French 1976).
a, firme, b, coarse sediments. A, pocket and plug involutions; B, flame
and club-shaped involutions; C, festoons; D, stone pillars.
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Fig.6-13. A) Load structures in cryoturbated (Saalian) till, Netherlands (redrawn
from Ter Wee (1983).

B) Two layers of load casts developed in fine sands with silt layers.
Meltwater deposits, Lower Saxony, Germany (redrawn from Ehlers & Grube

1983). 300



0 0.2

6-14

Pore Pressure Ratio, p/o’

0.4 0.6 0.8 1.0

0 ) §
16min
33min

~N —_
o o
L)

W
o

Depth, ft
P
o

N
(oo}

60

~N
A

-—
A

Prubability densily P

(end of storm)

Le— Waves: Northern
North Sea

\._,,-U.K. wind
\

\

\

\

High seismicity areas

Low seismicity areas

Fig.6-14. A)

Load / mean load

Pore pressure ratio at different stages during a 'design' storm in a

hypothetical soi% profile of sand; relative denisity 54%, coeff. of
permeability 10 “cm/s (redrawn from Seed & Idriss 1982).

B) Extreme value distributions for 50 year exposure, for storm and
earthguake loads (redrawn from Booth & Roberts 1985).
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Fig.6-15. Heights and inclinations of source slopes of earthquake-induced rock
avalanches. Inclination (8) is the average inclination of the slope, H
is the height difference between the highest point on the scarp and
the base of the steep slope. Dashed lines indicate minimum height
(150m) and inclination (25°) at which falls occurred. (redrawn from
Keefer 1984b).

Circles, slopes undercut by active glacial erosion.

Squares, slopes undercut by active fluvial erosion.

Crosses, slopes undercut by Holocene or late Pleistocene glacial
erosion.

Triangle, slope not undercut by fluvial or glacial erosion.
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Fig.6-16. Plot of area affected by landslides against magnitude, world-wide
data-base (redrawn from Keefer 1984a).
Dots, onshore earthqguakes.
Crosses, offshore earthquakes.
Squares, New Zealand (onshore) earthquakes (from Adams 1980).
Solid line 1is approximate wupper bound enclosing all data (from
Keefer), dotted 1line is a lower bound limit as an aid for
palaeoseismic interpretation (added). *
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\\\\ 3(')0 Fig.7-1. Quaternary geology of Scotland. A =

— \\\\\\\\ Arrat's Mill; D = Glen Doe; G = Glens
¢ Gloy, Roy and Spean; K = Kinloch Hournj
N\ M = Meikleour; T = Loch Tulla. (Outcrop

\\\\\\\ information from I.G.S. Quaternary Map
> ' 5 of the United Kingdon, 1977; Loch Lomond
ice limit from Sissons 1983; 'Ice-dammed
lake deposits from Ballantyne 1979,
Sissons 1977, 1979.)

800+
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Fig.8-1. present uplift and strain rate at Glacier Bay, Alaska,
measured from tide-gauge records (Hicks and Shofnos
1965). Glacier Bay has been a site of rapid ice retreat
for the last 200 years. Up to 15 feet of uplift has
been accomplished during that time. (redrawn Ffrom
Crittenden 1967).
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Fig.8-2. Uplift at Richmond Gulf, Quebec. The observed emergence curve (solid
line) is interpreted as the result of three components: the Flandrian
transgression (F), the unloading of Hudson Bay (H) and the delayed
unloading of New-Quebec (Q) (redrawn from Hillaire-Marcel 1980).
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Fig.8-3. Morner's (1976) diagram of factors influencing sea level. The vertical
arrows indicate how sea level rise can differ dramatically accordmg
to changes in the equipotential surface of the geoid.
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Fig.9-1. The Isle of Lismore (black), sandwiched between the the Great Glen and
Firth of Lorne faults, illustrated as a giant 'triaxial test cell’

(Stress arrows are hypothetical). (See section 9.1 for discussion).
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fig.9-2. Simplified geological map of Lismore, excluding dykes
1975). The following members of the Lismore Limestone Formation

(Lower Dalradian) are illustrated: Barr Mor Limestone
hatching; Middle Limestone - blank; Lower Limestone

hatching; Slate units - black; faults - dashed lines.
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9-3

and faults mapped. Numbered localities are described in

Fig.9-3. Map of south Lismore (air photo overlay) showing dykes
Appendix 1.

(110d s JellIN)
ST 01 |

4>

JHOWSI

r

G0

— ———— . -

i
e e (e

ANOZ 3H¥NLIVYd 1Y0d SH3ITIW

\

N

mwh.aﬂec__v_

\

—— e s gy (o ¢ s e———

S11S0d3a TVWHIHLOHAAH

a3dd3dNI - « «
A3AH3SEHO - 3DVHL 3HNLOVHA

ad344H3d4dNI - « «
a3aAd3sSdO0 - IXAA SNOIANDI

A3

T




MILLER'S PORT FRACTURE ZONE

Metres

Fig.9-4. Block Diagram of the coastal section of the Miller's
Port Fracture Zone (Fig.9-3). Numbered fractures are
described in Appendix 1. Dykes A,B,C and D sre
labelled. The vertical dimension has been constructed

by extrapolating fracture planes, measured at the
surface, downwards.
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Fig.9-5. Field sketch of locality 87, Lismore, showing a dyke
offset in an 'en echelon' manner where it crosses a
fracture zone.
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LISMORE - LOCALITY 69
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Fig.9-6. Field sketch of locality 69, Lismore, showing an
emplacement offset of a dyke, with marked thickness
change, at a fracture containing breccia and
hydrothermal deposits. The dyke is  probably of
Caledonian age (on the basis of its orientation) and
the hydrothermal deposits are probably
Permo-Carboniferous (c.f. section 9.4.1).
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LISMORE ~ LOCALITY 67
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Fig.9-7. Field sketch of locality 67, Lismore, showing a faulted offset. Two
dykes and a hydrothermal vein are offset by the same amount (4.5m).
The cross-hatched material is sheared and altered dyke material within
the fracture zone. 1ts presence would appear to suggest that dyke
emplacement and faulting were closely associated (temporally).
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Fig.9-8. Field sketch of locality 85,
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FRACTURE TRACE —

Fig.9-9.

9-9

RUBBLE-TEXTURE
OLATED LUMPS
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Field sketch of locality 89, Lismore, showing shearing and alteration
of a dyke along a fracture trace, without measureable offet. The

'rubble-textured' dolerite is thought to be a product of hydrothermal
alteration.
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OFFSET FEATURES ON MILLER’S PORT FRACTURES 5 & 6

Fig.9-11. Field sketch of the locations of offset features on
fractures 5 and 6, at Miller's Port, Lismore, which
indicate recent movement. The figures give measured
lateral offsets in metres; errors are shown in
brackets. (For discussion see section 9.3.4).
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N=107

Fig.9-12. A. Rose diagram of orientations of dykes on south Lismore
(orientations estimated to the nearest 5 degrees).
Three populations, A,B, and C are evident (see section
9.4.1 for discussion).

B. Rose diagram of orientations of fractures containing
hydrothermal deposits on south Lismore (orientations
estimated to the nearest 10 degrees).
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Fig.9-13. Summary map of south Lismore, illustrating the main localities of
fractures with fault offsets and of hydrothermal deposits (note
regular spacing). Also shown is the rose diagram for dyke orientations
(from Fig.9-12A). The majority of (Permo-Carboniferous) dykes are not
shown, however the few dykes which can be fairly confidently
identified as Tertiary or Caledonian are shown.
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10-1

Fig.10-1.

9 kilometres 19

Map showing the locations of the two raised beach levelling survey
sites - Shuna and Port Donain, Mull. Also shown are contours for the
raised beach (the Main Rock Platform) constructed by Gray (1974). The

short dashed line at Port Donain is a Mesozoic fault. (Redrawn from
Gray 1974).
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fig.10-2. Graphs showing Gray's (1974) levelling data plotted
with distance from the Great Glen fault. Two of Gray's
parameters were plotted in this manner: ' fragment
ranges' (that is, the variation in height of each
fragment of the platform measured) and 'fragment
heights' (that is, an average value for the heights of
each platform fragment). The plot of 'fragment ranges'’
appears to display greater range (possibly resulting
from greater tilt) near the Great Glen fault, and the

plot of ‘fragment heights' shows anomalously high
values near the fault. Interpretations of the data are

indicated. The two smaller plots show the data without
interpretation lines.
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g Survey plot locations
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Fig.10-3. Map (air photo overlay) of the Isle of Shuna showing geolegy and
survey plot locations. The two lines outside the raised cliff symbol

are the low and high water marks. Fractures A,B,C and D are also
shown.
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ig.10-5. A. Idealized diagram of coastal 'nab' development in polar environments
as proposed by Nansen (1922) (after Dawson 1980). B. Typical Main
Rock Platform profile measured in this study (idealized from Mull:
Plot 2). Both profiles display a coastal lip or 'nmab', however the
Main Rock platform has a prominant, landward notch developed.
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KEY TO SHORELINE HEIGHT DISTRIBUTION PLOTS
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Mull levelling survey plots placed at true relative elevation and
position (on a north-south profile). Data-point symbols have been
removed. Inflections in the profiles are marked at the left-hand axis
with a dot (inflection seen in only one of the profiles) or a star
(inflection seen in more than one of the profiles). Line have been
constructed through these points and have been marked upper (U),
middle (M) and lower (L). Questionable inflections in the lower
portions of plots M5 and Ml are marked by '?'. Inferred offsets of
2.0, 2.7 and 1.0m are indicated.
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Fig.10-20. Profile of the traverse between Mull plots two and one drawn without

data-point symbols. The occurrences of sand and gravel detected by
inspection of the soil-auger are shown (the rest of the surficial
material is peat). On the plot one and two ranges, drawn at each end
of the profile, the upper, middle and lower inflection levels
(inferred in Fig.10-18) are indicated. These correspond closely to
inflections in the traverse profile, as indicated by dotted 1lines.
Also shown are inferred locations of a fault and a lithological
boundary (see discussion in sections 106.3.5 and 10.5).
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fig.10-21. Field sketch (plan view) of the Lochan Fracture
exposure on Shuna.

SHUNA - LOCHAN FRACTURE.
. Scaled field-sketch plan view.

Yellow/brown clay
(XRD: strong peaks of Kaolin & Chiorite).

E Red oxide clay
(XRD: vermiculite).

Rj Black/grey lithic residue
(XRD: weak diffuse peaks of
Qtz,Plag,mica,chiorite & kaolin).

Debris-infilled cavity

Turt and soil cover

®Xposure
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fracture lineament

® upthrown block
@ downthrown block

Az

LOCHAN
FRACTURE
QCALITY

091/7

0 0.5 1km

fig.10-22. Summary of the findings of the raised beach levelling
The main vertical displacements of

studies on Shuna.
Possible

1.0 and 1.4m are shown (relative to 51).
smaller displacements (of the order of decimetres) are
indicated by the smaller block movement symbols. Active

fractures A, € and D are shown.
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Fig.10-23. Summary of the findings of the raised beach levelling studies on Mull.
The main vertical displacement of Z.7m occurring on fracture B-B' is
shown.
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vicinity of the Main Roy Landslide, from the study of Sisson's
Cornish (1982).
The top portion of the diagram shows a 4km long section of the m
shoreline (note the anomalously high levels to the SW of the

Roy) 1landslide.
shorelines in a lkm section immediately SW of the landslide.
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E———— KNICK POINT -

Fig.11-2. Photogeological interpretation along the 'main fracture lineament' at
Glen Roy. The numbered features are described in section 11.2.
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Fig.11-3. Map of the Upper Glen Gloy stream section, showing
features of stream capture (discussed in section
11.2.7) and apparent fault movement (discussed in
section 11.2.8).
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Fig.1l-4, Field sketch of fractures

lineament' exposed in the Upper Glen Gloy stream
ecti

section (at f2, Fig.11-3) (see section 11.2.8 for
discussion),

347

within the 'main fracture
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Fig.11-5. XRD spectrometric analyses of the two halves of the
Glen Gloy dyke, indicating their essentially similar
mineralogy. C = calcite, P = plagioclase, Q = quartz,
CHL = chlorite, K = kaolin. (see section 11.2.8 for
discussion).
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Fig.11-7. Aeromagnetic anomaly map of the vicinity of Glen Roy
(scaled to fit LANDSAT study area). Contours in 50 nT
intervals. Stippled areas - local magnetic lows. Note
the narth-easterly grain of the Caledonian basement
(Redrawn from IGS 1:250 000, Argyll sheet).
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Fig.11-8. Occurrences of glacial moraines (barbed lines) within
the Glen Roy LANDSAT study area (collated from Sissons
1979b).

351
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Fig.11-9. Lineaments occurring on more than one image of LANDSAT Thematic Mapper
images (Glen Roy area): principal components 1-5, negative and
positive.
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o

F1g.11-10. Rose diagram for the lineaments of Fig.11-9. The total

length of lineaments having orientations within each
ten-degree sector are plotted as radial lines. Sectors

in between the lines are shown in alternating black and
white tone for clarity.
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Fig.11-11. Lineaments occurring on a principal-component-3 image of the Glen Roy
LANDSAT Thematic Mapper scenes, with a 16x16 edge enhancement matrix.
Note the large polygonal features SW of Loch Laggan.
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Fig.11-12. Lineaments occurring on a negative of a Band-4 image of the Glen Roy
LANDSAT Thematic Mapper scenes. Note the curved moraine (?) features
west of Loch Laggan. M-M' is the main fracture lineament identified in

the field and air photographs (note its possible southward extension
on this image). (See also Plate 36.)
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The intensity of this earthquake appears to have
exceeded that of August 22, 1924, in the same
locality (namely, IV (C. Davison scale)), for on this
recent occasion not only were the chairs of several
seated observers noticeably moved at Gairlochy and
Spean Bridge, but also a plaster ceiling was thrown
down in Achnacarry at the east end of Loch Arkaig ;
a chimney-pot dislodged from a house at the north-
east end of Loch Laggan; two heavy shop-safes
moved in Fort William, and windows, doors and
crockery rattled at many places in the area. These,
and similar phenomena, are consistent with a
maximum intensity of about VI (C. Davison scale).
Further, the position and form of the central dis-
turbed area, and distribution of intensities within it,
suggest a close association of this earthquake with
the Great Glen fault-system. On the other hand,
present information suggests there was no significant
sympathetic movement in the Highland Boundary

fault-system at or about the time when these recent
Spean Bridge disturbances took place. _

A weak fore-shock connected with this earthquake
appears to have occurred at about 17 hr. 20 min.
(c.M.T.) on November 19, 1946, and a second one
close to 24 hr. (G.M.T.) on December 23, 1946. The
latter, which was noticed in Inverness-shire, Argyll
and north Ayrshire, consisted of two tremors lasting
about four seconds and three seconds respectively,
separated by an interval of about two seconds.

The after-shock of January 5, 1947, would seem to
have taken place at about 09 hr. 35 min. (G.Mm.T.),
when a slight rumble was heard in West Glen Roy
and Glen Spean, having a duration of about three
seconds.

Fig.11-13, Extract from Dollar's (1947) report of the Inverness-shire earthquake
of December 25th, 1946.
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Fig.12-1. Geological map of the Moinian basement rocks in the vicinity of
Kinloch Hourn fault (running NW-SE across the map).

357



12-2

7,
3% Z \ > s O

1

-, [

-

~—————~ DRAINAGE —250~- CONTOURS (METRES) i/ RECENT UPLAND SEDIMENT BASINS

Fig.12-2. Map showing features along and around the Kinloch Hourn
fault. Labelled localities are discussed in section

———— --——— LINEAMENT (DISTINCT/UNCLEAR) =T TTTr SCARP (DISTINCT/UNCLEAR) TICK POINTING UP FROM BASE OF SCARP e 358



12-3

Wy _ \_Ilul_

_ 1S3M

1Sv3

Z1¥VNO 40 SLSVID (43LIWYIO WIE)
<« 39009 40 1V13a

ANV NOOH AHLNNOD @3YNLOVHL

NOLLYDOSIO By

LOVINOD 'w» g
Q3YVIHS .

3Yni1OvHd NI 0S8 AlLV3d 40 3903M

&
3ISVHd 3ONYHO
’l[.».'.b'ir. .W.W \.“.UN!I T TIr Ttz » - 4 \d A4 ~

Lr L L4 v

|\|\
- N\
———————
ISYHd wy
3SVYHd L 3SVHd A3AVID .
3n18 FONYHO NMOYS :3HNO0D 1INVI <

'soil

at the

Fig.12-3. A. Sketches of fracture infilling material

X

wedge' locality

and associated

B. Tracing of the Kinloch Hourn fault

appears

The pattern of fractures

fracture lineaments.

to indicate sinistral shear of the fault.

359



7 N\ //7 %, \ 7 N\ 7 N\ 7 \7%\ 7\ \{g\u N\ 7 \ \\’ao 7/ N\ A\
%
\ N\
¥
N
13 /
/
RaN
%\% 1/ 12~ - ’1-3
¢ 2 N2 10 - \
/ 7 9 =" X
)/ | - N
—— \ Y —_ \
oy ———— \2 ‘E [ ' > 9 410
2 \\‘_\ I — v kg \
\ v . — G >4 ) 7 /] ,
A et 5 /%6 " ’
14 )il \ /
r -~ ‘ ‘ Q X\
4 / K \ . \
1 | v‘ W < v)b%
. " \J
Y . :l‘
~/ é 0\
' o
Sl Y \ 3
> N 3
N 0 1km
s L 1 2 /
> |
| O ( N \
<l Q
A N/ NN % N\ z N\ L P NI N \ A AN S N L ‘
- Fig.12-4. Map of drainage paths across the Kinloch Hourn fault.
umbered localities are discussed in section 12.3.5 and
— PRESENT DRAINAGE PATH —===~==~ FORMER DRAINAGE PATH > < 'OVER-STEEPENED’ GULLEY ~—~—— HEAD OF NEW DRAINAGE PATH betes n anta 122e

@ LOCH l listed in Table 12-1.

12-4

360




12-5

Fig.12-5, jhe fault plane solution for the Kintail, 1974, KEQ event, constructed
by Assumpcao (1981) and its position relative to the Strathconon
fault. Open circles - dilation, dots - compression. K.F. - Kinloch
Hourn Fault, C.F. Cluanie fault.
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Fig.12-7. Seismicity data from the BGS file for 1969-1978 (Burton
& Neilson 1980) with all events less than 1.0ML, or
which were clearly aftershocks of large events,
removed. (M = Local Magnitude, D = hypocentral depths
in kilometres).

363



N 7
=l Iw i /g \
° |
” 0
/m <§1§$ETEH HOURN //
/0 0
e =N %
A ol /
o9 4
oog -
/ | -
/ 3
GREAT GLEN / !&J
FAULT >/ el RS
oz
160 180 20 220 kilometres 240
. =3 1= <

e A
by

———
[ )
e

Al

LN

=

Fig.12-8. As for Fig.12-7 but showing an enlargement of the area around the

Kinloch Hourn fault.

O 1.

==

O>1y

830

810

790

770

750

12-&

364



12-9
CINTAIL ARER SEISMICITY 1969-1984
-8

§E§E§79R‘ : 800003

Fig.12-9. BGS seismicity in the Kintail study area - all events between 1969 and
1984. Symbol sizes indicate increasing magnitudes from ML=0 upwards in
increments of one magnitude. K.F.- Kinloch Hourn Fault, C.F.- Cluanie
fault.
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Fig.12-10. BGS seisimicity, Kintail study area - swarm of 4th to
29th August 1974 (18 events - most of which are not
spatially resolved at this scale).
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Fig.12-11. BGS seisimicity, Kintail study area - diffuse activity
between 24/9/74 and 26/6/75 (9 events).
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Fig.12-12. BGS seisimicity, Kintail study area - cluster of events
between 21/11/75 and 27/11/75 (4 events).
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Fig.12-13. BGS seisimicity, Kintail study area - swarm of 26th to
28th May 1978 (7 events).
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Fig.12-14. BGS seisimicity, Kintail study area - swarm of 9th to
10th September 1978 (8 events).
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Fig.12-15. BGS seisimicity, Kintail study area - swarm of 9th to
12th April 1980 (5 events).
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Fig.12-16. BGS seisimicity, Kintail study area - swarm of 7th to
8th February 1982 (5 events).
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NORTH WEST HIGHLANDS SEISMICITY 1969-198+
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fFig.12-17. Regional microseismic lineations

apparent in the BGS
seismicity file, 1969-1984, in the NW Highlands.
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Fig.12-18. Regional microseismic lineations apparent in the BGS
seismicity file, 1969-1984, in the Kintail study area.
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Fig.12-20. Lineaments occurring on the positive of a principal-component-1 image
for the LANDSAT scenes of the Kinloch Hourn area.
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Fig.12-21. Lineaments occurring on the positive of a principal-component-2 image
for the LANDSAT scenes of the Kinloch Hourn area.
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12-

Fig.12-22. Lineaments occurring on the positive of a principal-component-3 image
for the LANDSAT scenes of the Kinloch Hourn area.
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Fig.12-23. Lineaments occurring on the negative of a principal-component-1 image
for the LANDSAT scenes of the Kinloch Hourn area.
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Fig.12-24. Lineaments occurring on the negative of a principal-camponent-2 image
for the LANDSAT scenes of the Kinloch Hourn area.
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Fig.12-25. Lineaments occurring on the negstive of a principal-component-3 image
for the LANDSAT scenes of the Kinloch Hourn area.
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Fig.12-26. Lineaments occurring on the negative of a principal-component-14&2
image for the LANDSAT scenes of the Kinloch Hourn area.
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Fig.12-27. Enlargement of the Kinloch Hourn fault on a principal-component-1&2
image for the LANDSAT scenes of the Kinloch Hourn area, showing the
basement foliation and structure and a clear trace of the fault
itself.
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Fig.12-28. Lineaments occurring on more than one of the negatives and positives
of all principal components of the LANDSAT scenes of the Kinloch Hourn
area.
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12-29

Fig.12-29. Rose diagram showing the 1lineament orientations for
Fig.12-28. The total 1length of lineaments having
orientations within each ten-degree sector are plotted
as radial lines. Sectors in between the lines are shown
in alternating black and white tone for clarity.
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Fig.12-30. Seismicity in relation to lineaments (of Fig.12-28). The epicentres
drawn include only those of the published list for 1967-78 (Burton &
Neilson 1980). Epicentres are drawn with a lkm diameter circle (a
minimum location error). (For discussion see section 12.4.3).
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GRAVEL FINE GRAINED LACUSTRINE musnuoapmc BEDROCK

SEDIMENT

Fig.13-2. Sketch illustrating the form of sediment deposition
within the Glen Roy glacial-lake basins. Fine-grained
lacustrine sediment occurs in two forms: A) as a
'blanket' on the gently dipping surfaces of earlier fan
deltas, and B) as an overall mantle on the steep-sided
lake floor. The fine-grained sediment was mostly

deposited during the existence of the lowest (260m)
shoreline as illustrated here.

- DEPOSITIONAL SCALE

100m

100m
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fig.13-3. Locations of the 90 sections (logs) cut into sediment
of the Glen Roy lakes. Each sediment log is documented
in Appendix 4.
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Fig.13-4. Detail of 6 key sediment sections in Glen Roy. The
elevation of each section is given in brackets:  (all *
below the 260m shoreline). Each log sectign has been
constructed relative to the red silt/sand marker
(dotted line). The surface at the time of the first
(liquefaction) event is indicated by broad arrows.
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F1g.13-9. Particle-si1ze distribution in the
Glen Roy, RRI(E) section.
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Fig.13-6. Particle -size distribution in the

Glen Roy, RR16 section.
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F1g.13-8. Schematic 1llustration of the classification of
deformation styles seen in the Glen Roy area (for text
see section 13.5.1 .



T
13-9
Fig.13-9. Classification of the Glen Roy sediment logs according
\ to style of deformation (as defined in section 13.5.1).
Contours mark the 1limit of A-type structures, B-type

structures and C&D-type structures. (For discussion see
section 13.5.2).
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GLEN Ré)Y: DEFORMATION STYLE IN LACUSTRINE SEDIMENT
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_ ZS GSS5 Class A
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f19.13-10. Field sketch of section GS5, showing a completely faulted lacustrine
sediment sequence, grading up into pillowed sediment, and later eroded
and i1nfllled with sandier sediment. Class A.
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GR14 Class B

Fig.13-11. Fi1eld sketch of section GRl4, showing confined layer deformation,
faulting and fissuring. Class B.
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14 Class B

the confined

Fig.13-12. Field sketch showing detail of section GR14 at
deformation layer. No top-truncation surface is seen; the deformation

is interpreted as having occurred at depth within the varve sequence.

Class B.
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fig.13-13. Field sketch of section GS10, showing incipient pillow and loading

structures 1n @ sub-surface layer. Class 8.
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< - < 2 s

fig.13-14. Fireld sketch of section GG6, showing faulted varves grading up into
plastically deformed varves. Note that the throws of the faults

increase upwards and then decrease 1into the plastically deformed
region. Class 8.
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Sands oM sills

___]F.____

O ddisu

GR22 Class C

RN

fig.13-17. Field sketch of section GR22, Showing two incipient (not laterally
continuous confined deformation layers. The upper deformed layer has
injected material upwards through undeformed silts above. Class C.
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GS12 Class C

Sty with sands

fFig.13-18. Field sketch of section GS12, showing incipient confined layer
deformation beneath a gravel lens, which has been punctured by an
injection structure. Normal faulting 1s seen in the upper portion of
the section. Class C.
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Class
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fig.13-19« field sk
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13-2C

F1g.13-20. Field sketch of section GRB, showing a faulted and fissured sand layer
in s1l1t. Class D.
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varved

t1.5 metres !

F1g.13-22. Field sketch of section RR14, showing undeformed varves. Class N.
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RR16(A)

: d reverse
F19.13-24. Field sketch of section RR16.A), showing 1nvolution layers an
faulting 1n outwash sands.
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Fiqg.13-25. Locations of sites

in the Glen Roy area which show a
second deformation event (solid circles). Sites with
stratigraphies and definitely not

complete lacustrine
open circles.

showing a second event are indicated by
Sites which have slumped material only are indicated by
‘S's landslips (numbered 1 to 7) are shown in black.
The dashed line marks the limit of slumping. It
coincides approximately with the central contour of the

first event (pecked line). (For discussion see section

13.6).
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Fig.13-27. Graph of sediment-deformation class-types plotted
against depth below water surface, taken as 260m for
the Glen Roy and Spean sections and as 355m for the
Glen Gloy sections. (For discussion see section
13.8.2. «
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(Fig.13-9). (for discussion see section 13.8.2.).
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- 13-29

Fig.13-29. Summary of palaeoseismic information at Glen Roy.

\ Solid lines: lake shorelines.

Dashed contours: 'style of deformation' in the 1st
\ \ event, with intensity of deformation decreasing
\ from zone-A to  zone-C; N = no sediment

\ deformation.
\ Pecked line: 1limit of slumping in the 2nd event;
\ landslips = black, surface fault rupture = small

\ dotted line.

(For discussion see section 13.8.4).
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Fig.14-1. Map of survey stations and sediment
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Whole Pit
Logs 1 to 15

fig.14-3. Illustrative sketches of the Arrat's Mill sediment and
deformation:

A) Stratigraphy seen across the whole site (G=
gravel, C= cross-bedded sands, R= river
deposit, L= lacustrine deposit).

8 The deformed lens 1n the Main Face section
(BRH= basal reference horizon, BlL= base of
liquefaction, T= top of deformation).
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ARRAT’S MILL - LOGS 1 TO 15
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Fig.14-6.

Particle - size distribution in the
Arrat's Mill Log-S section.
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18 19 20

-

Level of Substation 2 (3.56m below Reference level)

TO SCALE o5
ARRAT’S MILL - LOGS 18,19 &20 i metres

1.0
G - gravel D - deformed unit B - basal unit LS - laminated sands

Fig.14-7. Stratigraphic log of sections 18, 19 and 20 at Arrat's
Mill (see also Plates 13, 18 & 19).
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B)

Fi1g.14-8. Sketches of cuttings between Arrat's Mill logs-1&2.
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Fig.14-9. Sketch of Arrat's Mill Log-4, showing the base of the
deformed lens (see slso Plate-15).
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Sketch of Arrat's Mill

-10.

Fig.14

showing pillows and dish structures
at the top of the deformed lens.
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ARRAT'S MILL - Detail of upper exposure
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Fig.l4-11. Sketch of Arrat's Mill Log-14, showing detail of the
top of the deformed layer. Clayey sediment in heavy
tone, silts in light tone (see also Plate-17).
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£19.14-12. Sketch of Arrat's Mill Log-Sl, showing layers at the

top of the deformed lens and undefarmed, massive
aeolian sands above. Particle-size distributions for
samples BCl, BC2, BC3-B & BC3-T are shown in Fig.l4-5.
The positions of BC3-B & BC3-T (top and bottom ends of
a vertical 15cm sample tube) are not shown but were
taken from the massive aeolian sands above the portion
1)lustrated here.
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The proposed scenario at the time of deformation at

Arrat's Mall.

fig.14-13.

428



14-14

(HOW) NOZIYOK AVID HINHVYN

oOZL¥Oovv'elL :0WD-Z1L

_.I OEL¥OL Y6 :ND-Z 1Y

(SJINVOHO G3LVYNIN3SSIQ)

[ OEZ¥OL P9 :D0-1S

(dg sieal uoqiedoipey)
Saiep |IIW s,jeury

Fi1qg.la-14. Positions of samples retrieved for radio-carbon dating

at Arrat's Mi1l]l and the dates achieved.
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F1g.15-1. Map of the Quaternary geology around Meikleour, showing
excavation sites: M=z Main Face, F= Forest Pit, G=
course of gas pipeline. {Compirled from Paterson 1974.)
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Fig.15-3. Particle -size distribution in the Meikleour vertical

section.
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MEIKLEOUR - DETAIL OF HORIZONS L & M.
Vertical and horizontal grid lines
at 1 metre intervals 433

Fig.15-4. Line drawing of the horizontal section at Meikeour (see
also Plates-24&25).



MEIKLEOUR FOREST PIT
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Fig.15-5. Line drawing of the Forest Pit with particle -size

distributions. The
hatched ornament, the
line.

‘brown clayey silt' is shown in
‘red silt' by a heavy black

laminated silts and sands \-l
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a nest of pillows from the 'N' layer. Sand= stippled, silt=

Fi1g.15-7. Detail of

ornamented, clay: black.
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fF1g.15-9. Detail of a pillow near the base of the section. Sand= stippled, silt=

unornamented, clays black.
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1) Early stages

Owm »

O

o O »

F1g.15-10. Illustrative sketches of the deformation processes at
Meikleour. Two competent sand layers, A&C, contain
layers of liquidized silt in which pillows form and
descend. Injection of liquidized silt through the sand
layers results in thickness changes, and lateral thrust
movement s (above the buckle in layer C). A truncation
surface between Jlayers D and E is broken up in the
later stages as deformation progresses.
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COIRE SHUBH SEDIMENT LOGS
0 10.2 33.9 metres

' !

0.5 1

MGD-!-.QE

turf

moderately
.| __laminated sand

1.0
' faintly layered peat

____ <««top of deformation

TR deformed peat with sand lenses
and wood fragments

vaguely layered sandy peat T |

lenticular bedding

T— aerormed sandy peat

flamed black peat layer

vaguely layered peat deformed sandy peat

Fig.16-3. Stratigraphic log of the Coire Shubh sections. The
ornament is the same as that used in Fig.16-2. (See
also Plate-31).
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K »—— » radio-carbon date
7 & =3490+50
commencement

of blanket peat 5-6000 BP.

S9,2,% *°. o <« gravels 9-10,000 BP.

F1g.16-4., Summary of the known chrono-stratigraphic relationships
to the deformed layer in the Arnisdale sequence.
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MAIN POSTGLACIAL SHORELINE

6500 B.P. Sealevel -12m. '

Fig.17-3. Shoreline-isobase map of the Main Postglacial
Shoreline.
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- =~ — 3rd POSTGLACIAL SHORELINE)
’ ~ — - - 4000 B.P. Sealevel -4.5m.
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N \/\\ .\M ﬁv Sth POSTGLACIAL SHORELINE
\ \j

- 2500 B.P. Sea level -2.5m.

F1g.17-4. Shoreline-isobase map of the 3rd and Sth Postglacial
Shorelines.
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F1g.17-5. Map of contours of equal uplift between 9600 and 6500
years BP. (Uplift rate in metres per millennia).
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F19.17-7. Map of contours of equal uplift between 4000 and 2500
years BP.
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F1g.17-8. A. ‘Eustatic’ sea-level curves (see Table.17-2 for explanation).

B. Relative sea-level curves for two Scottish sites (see Table.17-2 far
explanation).
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f1g.17-9. Crustal uplift at the two Scottish sites, determined by
adding the eustatic and relative sea-level curves af
$19.17-8 as i1ndicated. lhe values on each segment of
the curves 1ndicate uplift rates in metres/millenia.
Curve 'T' 1s 'A+2' with an added tectonic factor of Im
of uplift per millemium {(c.f. section 17.2.4).
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Step 1: (onsider a erccle twough pounts

-%,0), (0/n) and (P/z,O) on a

cactesian co-ordinale system ocigua O,

as shown. Let the cantre of the

ccle 'C have cotordiroles (a,b).
a=0

it the cadius oF the circle is P, then

P’:.f:"fb' , ——@'

PR | BN A Y A )

Then D(on 1+2. /
£ ebT ch -2 b
b

Zhb= ' -PT s kyt-p?

4 4
bs kh'_¢* —
i S
Sdem 211,
p* h 3k
rz{P t (4h -P —
£ (el -0

17-10

Step 2: Consider the triagle C,0,(-%.0).

d =35 L
Iy

0:28 = 2sin' P

r

The length of the are of the cicde =¢6.
.. acc lerngth beteen ("P/z,O)oM(P/a..o)

s, 2 sLn"(%) —_ @

Now feplace W by (h-d\) t fd arc-
length of a cirde with fadius

, 2 2 g2\ 2
o z|p +(m~<n —P) —©
g (h-d)
Note: this can be simplified to,

ez pld) 4P 6
3 (h-d)

/

For tre special case where d=o,
Ptz P4 (hh“ - Pz)z_®

b Sh

this can e reamanged to giv

—9

Thus &oc any acc of a cicde
specified by P and 0f knoun
uitidl radins T the change
i length, caused by displacement
‘d" can e Pound. This assumes
that  poiats (~r2.0) ond (P12,0)
cemain Lixed.

P' = She -k W

F1g.17-10. Mathematical proof for determining the change in length
of an arc of a circle (developed by I. Stewart, pers.

comm. ).
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Fi1g.17-1). Sketches of the geometry employed in modelling the
changes 1in curvature of a spherical segment (shaded
area at 8 latitude of 56 degrees.

thickness of spherical segment,

surface area of spherical segment,

length of arc through centre of segment,

P = length of cord through centre of segment.

A change 1n curvature by displacement of the centre by

distance d results 1n a new arc length 1+A1 and area

A+AA.

- » T
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F1g.17-12. A, Morner's 1981  model of displacements related to the
f ennoscandian ice,
8. Stress contours (1n bars for the continent of Africa
calculated by Turcotte & Oxburgh (1976) as resulting
from the change 1n curvature caused by the northward
drift of the continent by 20 degrees of latitude in the
last 100 Ma. Ll56
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~55
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fi1g.17-13, Post-glacial faults documented in this thesis,

1-Kinloch Hourn, 2-Glen Roy, 3-Shuna, 4-lLismore, 5-Port
Donain, Mull; and 6 - the displacements reported by
Sissons 1972%, The fault for this last displacement
has not been 1denti1fied but a 1lineament of the
orientation shown 1s suspected from field and remote
sensing study (Davenport & Ringrose 1987b).
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Appendix 1

APPENDIX 1

LISMORE fFIELD NOTES

This appendix outlines field observations on faulting observed in the south
of Lismore 1island, firth of Lorne. The field notes are described with reference
to Figs.9-3 and 9-4. More detailed field study was made along one section - the
Miller's Port Fracture Zone. Field notes referring to this section are tabulated
first, wmath reference to fracture identification numbers, 1 to 26 (displayed in
Fig.9-4). Following this, field localities from the rest of the area studied are
described with reference to locality numbers, 27 to 100 (displayed in Fig.9-3).

\yotes and abbreviations used

Mi1ller's Port Fault Zone:

fracture Identification Number (1.D.): referring to fractures illustrated
in Fig.9-4.

Orientation: of fracture plane, given by strike direction / angle of dip.
feature offset: 1dent1fi1ed by: A,B,C or D

Morph.
20

dykes shown in Fig.9-4.
a morphological feature.
a fracture (1.D. number).

Dffset and Sense: amount of offset diplayed by the feature (with estimated
error in brackets) and the sense of displacement indicated by:

S = sinistral
D = dextral
T = thrust.

Generals
Locality: locality number shown in Fi1g.9-3.

Orientation data: the attitude of various features, given by strike direction /
angle of dip. Features indicated by:
l1.f. = limestone foliation
d = dyke .
f = fracture plane
f.t. = fracture surface trace.

Sone tetns used 1n the fi1eld notes

fsplacement offset: an offset (or step) i1n a dvke which is clearly a feature
of the 1nitial 1ntrusion of the dyke.

Hydrothersal: this term 13 used descriptively for alteration features and
allochthonous deposits within a fracture, thought to result from
hydrothermal actaivity.

Rubble texture: alteration of an igneous intrusion such that it froms a

tightly-packed 'gravel' (c. cm-sized clasts), having lost the
primary fabrac.

Onion-skin texture: spheroidal weathering of intrusive rock, thought to have
8 hydrothermal origin.

Crofter's dyke: man-made wall - a field boundary constructed of stones and turf
(usually much less than a metre high and wide).

Hesd-dyke: Large crofter's dyke at the limit of farmed land.
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APPENDIX 2

RAISED SHORELINE LEVELLING SURVEY DATA

CONTENTS

A2.1 Survey procedure .
A2.2 Surveying instrument data
A2.3 Terminology

A2.4 Maps of survey grids

A2.5 Survey data tables

A2.6 Raised shoreline profiles

A2.1 SURVEY PROCEDURE

A2.1.1 Description of sites

Shoreline levelling surveys were carried out at two sites:

a) The Isle of Shuna, Loch Linnhe, western Scotland.
b) Port Donain on the east coast of the island of Mull, western Scotland.

At both sites fault displacements of the 'Main Rock Platform' raised shoreline were
suspected from the previous work of Gray (1974). Details of the sites are outlined in

section A2.4.

A2.1.2 Objectives of survey:

1) Intensive survey of rock surface and soil surface heights within grids
(approximately 30m by 30m) laid out on suitable portions of the raised beach with a
view to acertaining the presence or absence of an identifiable shoreline level.

2) The 'levelling in' of intensive survey grids to measure relative heights of
shoreline levels, where discernable, with a view to resolving vertical displacements

on suspected faults.

3) The recording of relative heights and positions of permanent reference points
as accurately as possible in order that re-levelling in the future may detect any

current movement of the land surface.
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A2.1.3 Methods:
Three kinds of levelling survey were carried out:

a) Intensive survey grids: Suitable portions of the 'Main rock platform'
raised beach were located in the areas of interest by photographic and field survey;
a 'suitable portion' being a sufficiently wide (greater than 10m) platform,
relatively free from rockfall, vegetation and man-made cover. Permanent reference
points were then emplaced as concrete pillars on freshly exposed bedrock surfaces
(Plate-1). The instrument and tripod were placed vertically above each reference

point using a plumb bob. The height of the instrument telescope above the refere