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List of Figures

The figures in this thesis include output from the UDEC computer simulation software.

Most of the UDEC output is in the form of two-dimensional model block plots. The

units of the horizontal and vertical axes are metres. The labelled notation (*10°1)

indicates that the axis values need to be multiplied by 10. The legend includes an

indication of the type of output plot, model cycle count and the model time, which is

unrelated to real time. Where block velocity vectors are plotted, the scale is presented

with units of m s, The notation 1E 1 on the scale means that the scale is 1*10 m s

long. Again, the values of velocity do not relate to real velocity. Where UDEC plots of

the history of total unbalanced forces for a model run are presented, the x-axis is model

time (s), and the y-axis is force (kg m s'z).
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7.1: Polar projection for the discontinuities in the Kayenta Formation at
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Figure 4.1:  Single block geometrical parameters.
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Figure 4.2:  Limiting conditions for sliding, toppling and stable rock blocks (from
DeFreitas and Watters, 1973).
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Figure 4.4:
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Rock mass block geometrical parameters.

stab
.// toppling

le

sliding

= topplin :
/’4 & sligc%\
0 —
I T i I 1 T T T [ T i ] 1
-40 -30 -20 -10 0] 10 20 30 40 50 60 70 80
base plane angle (degrees)
Figure 4.5:  Limiting conditions for sliding, toppling and stable rock masses.

-278 -




4 |
3
b/h
ratio
2 |
1
1
,://N’ 2 /
- / /
o

40 30 20 0 0 10 2 30 4o 5 e 70 8
base plane angle (degrees)
Figure 4.6:  Limiting conditions for the failure of a rock mass compared with the
limiting conditions for the failure of a single block.
The boundaries between the mechanisms of failure are taken from Figures 4.2 and 4.5.

Zones on the graph are delimited by the boundary lines:

Zone Rock mass Single block

1 Stable Stable

2 Toppling Stable

3 Toppling Toppling

4 Toppling-and-sliding ~ Sliding

5 Toppling-and-sliding ~ Toppling-and-sliding
6 Sliding Toppling-and-sliding
7 Sliding Sliding
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UDEC history plot of the log of total unbalanced forces for a sliding rock

Figure 4.9:

mass.

A log scale is used for the y-axis.
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Figure 4.10:  UDEC history plot of the log of an individual total unbalanced force peak

for a sliding rock mass.
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Figure 4.11: UDEC history plot of the log of an individual total unbalanced force peak

for a sliding rock mass.
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Figure 4.13: Limiting conditions for sliding, toppling and stable rock masses which

contain rectangular blocks.
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Figure 4.14: Limiting conditions for the failure of a rock mass which contains
rectangular blocks compared with the limiting conditions for the failure
of the limestone rock mass.

The boundaries between the mechanisms of failure are taken from Figures 4.5 and 4.13.

Zones on the graph are delimited by the boundary lines:

Zone Limestone rock mass Rectangular blocks

1 Stable Stable

2 Toppling Stable

3 Stable | Toppling

4 Toppling Toppling

5 Toppling-and-sliding  Toppling-and-sliding
6 Sliding Toppling-and-sliding
7 Sliding Sliding
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Figure 4.16: Limiting conditions for sliding, toppling and stable rock masses which

have a friction angle of 20°.
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Figure 4.18: Limiting conditions for the failure of rock masses which have a friction
angle of 20° compared with the limiting conditions for the failure of the
limestone rock masses which have a friction angle of 40°.

The boundaries between the mechanisms of failure are taken from F igures 4.5 and 4.16.

Zones on the graph are delimited by the boundary lines:

Zone  40° friction angle 20° friction angle

1 Stable Stable

2 Stable Creep toppling and stabilising
3 Stable Toppling

4 Toppling ~ Toppling

5 Stable Toppling-and-sliding

6 Toppling Toppling-and-sliding

7 Stable Sliding

8 Toppling Sliding

9 Toppling-and-sliding ~ Sliding

10 Sliding Sliding
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Figure 4.19: Limiting conditions for sliding, toppling and stable rock masses which

have a friction angle of 60°,
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Figure 4.20: Limiting conditions for the failure of rock masses which have a friction
angle of 60° compared with the limiting conditions for the failure of the
limestone rock masses which have a friction angle of 40°.

The boundaries between the mechanisms of failure are taken from F igures 4.5 and 4.19.

Zones on the graph delimited by the boundary lines:

Zone  40° friction angle 60° friction angle

1 Stable Stable

2 Toppling Stable

3 Toppling Toppling

4 Toppling-and-sliding Stable

5 Toppling-and-sliding  Toppling

6 Sliding Stable

7 Sliding Toppling

8 Toppling-and-sliding  Toppling-and-sliding
9 Sliding Toppling-and-sliding
10 Sliding Sliding
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Figure 4.21:  Limiting conditions for the failure of rock masses which have a friction
angle of 20° and 60° compared withrthe limiting conditions for the failure
of the original limestone rock massés which have a friction angle of 40°.

The boundaries between the mechanisms of failure are taken from F igures 4.5, 4.16 and

4.19. Zones on the graph are delimited by the boundary lines:

Zone  40° friction angle 20° friction angle 60° friction angle
1 - Stable Stable Stable

2 Stable Creep toppling and stabilising  Stable

3 Stable Toppling Stable

4 Toppling Toppling Stable

5 Toppling Toppling Toppling

6 Stable Toppling-and-sliding Stable

7 Toppling ' Toppling-and-sliding Stable

8 Toppling Toppling-and-sliding Toppling

9 Stable Sliding Stable

10 Toppling Sliding Stable

11 Toppling Sliding Toppling

12 Toppling-and- slldlng Sliding Stable

13 Toppling-and-sliding ~ Sliding Toppling

14 Sliding Sliding Stable

15 Sliding Sliding Toppling

16 Sliding Sliding Toppling-and-sliding

17 Sliding Sliding Sliding
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Figure 4.22: Limiting conditions for sliding, toppling and stable sandstone rock

masses.
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Figure 4.23: Limiting conditions for the failure of sandstone rock masses compared
with the limiting conditions for the failure of the limestone rock masses.
The boundaries between the mechanisms of failure are taken from F igures 4.5 and 4.22.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Sandstone

1 Stable Stable

2 Stable | Toppling

3 Toppling Toppling

4 Stable Toppling-and-sliding
5 Toppling Toppling-and-sliding
6 Stablé Sliding

7 Toppling Sliding

8 Toppling-and-sliding  Toppling-and-sliding
9 Toppling-and-sliding ~ Sliding

—_
[

Sliding Sliding
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Figure 4.25: Limiting conditions for sliding, toppling and stable granite rock masses.
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Figure 4.26: Limiting conditions for the failure of granite rock masses compared with
the limiting conditions for the failure of the limestone rock masses.
The boundaries between the mechanisms of failure are taken from F igures 4.5 and 4.25.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Granite

1 Stable Stable

2 Toppling Stable

3 Toppling Toppling

4 Toppling-and-sliding ~ Stable

5 Toppling-and-sliding  Toppling

6 Sliding Stable

7 Sliding Toppling

8 Toppling-and-sliding  Toppling-and-sliding
9 Sliding Toppling-and-sliding
10 Sliding Sliding
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Figure 4.27: Limiting conditions for the failure of granite rock masses compared with
the limiting conditions for the failure of sandstone rock masses.

The boundaries between the mechanisms of failure are taken from F igures 4.22 and

4.25. Zones on the graph are delimited by the boundary lines:

Zone Granite Sandstone

1 Stable Stable

2 Stable Toppling

3 Toppling Toppling

4 Stable Toppling-and-sliding
5 Toppling Toppling-and-sliding
6 Stable Sliding

7 Toppling Sliding

8 Toppling-and-sliding  Toppling-and-sliding
9 Toppling-and-sliding  Sliding

10 Sliding Sliding
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Figure 4.28: Limiting conditions for the failure of granite and sandstone rock masses
compared with the limiting conditions for the failure of the limestone
rock masses.

The boundaries between the mechanisms of failure are taken from Figures 4.5, 4.22 and

4.25. Zones on the graph are delimited by the boundary lines:

Zone Sandstone Limestone Granite

1 Stable Stable Stable

2 Toppling Stable Stable

3 Toppling Toppling Stable

4 Toppling Toppling Toppling
5 Toppling-and-sliding  Stable Stable

6 Toppling-and-sliding  Toppling Stable

7 Toppling-and-sliding  Toppling Toppling
8 Sliding Stable Stable

9 Sliding Toppling Stable

10 Sliding Toppling Toppling
11 Sliding Toppling-and-sliding  Toppling
12 Sliding Sliding Stable

13 Sliding Sliding Toppling-and-sliding
14 Sliding Sliding Sliding .
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Figure 4.30: Limiting conditions for sliding, toppling and stable sandstone rock

masses which contain deformable blocks.
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Figure 4.31: Limiting conditions for the failure of sandstone rock masses containing
deformable blocks compared with the limiting conditions for the failure
of the limestone rock masses.

The boundaries between the mechanisms of failure are taken from F igures 4.5 and 4.30.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Deformable sandstone
1 Stable Stable

2 Stable Toppling

3 Toppling Toppling

4 Toppling Toppling-and-sliding
5 Stable Sliding

6 Toppling Sliding

7 Toppling-and-sliding  Toppling-and-sliding
8 Toppling-and-sliding  Sliding

9 Sliding Sliding
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Figure 4.32:  Limiting conditions for the failure of sandstone rock masses containing
deformable blocks compared with the limiting conditions for the failure
of the sandstone rock masses.

The boundaries between the mechanisms of failure are taken frofn Figures 4.22 and

4.30. Zones on the graph are delimited by the boundary lines:

Zone Deformable Sandstone Sandstone

| Stable Stable

2 Toppling Stable

3 Toppling Toppling

4 Stable Toppling

5 Toppling-and-sliding Toppling-and-sliding
6 Sliding Toppling-and-sliding
7 Sliding Sliding
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Limiting conditions for sliding, toppling and stable granite rock masses

which contain deformable blocks.
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Figure 4.35: Limiting conditions for the failure of granite rock masses containing
deformable blocks compared with the limiting conditions for the failure
of the limestone rock masses.

The boundaries between the mechanisms of failure are taken from Figures 4.5 and 4.34.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Deformable granite

1 Stable Stable

2 Toppling Stable

3 Toppling Toppling

4 Toppling-and-sliding  Stable

5 Toppiing-and-sliding Toppling

6 Sliding Stable

7 Toppling-and-sliding Toppling-and-slidil;g
8 Sliding Toppling-and-sliding
9 Sliding ’ Sliding
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Figure 4.36: Limiting conditions for the failure of granite rock masses containing
deformable blocks compared with the limiting conditions for the failure
of the granite rock masses.

The boundaries between the mechanisms of failure are taken from Figures 4.25 and

4.34. Zones on the graph are delimited by the boundary lines:

Zone Granite Deformable granite

1 Stable Stable

2 Toppling Toppling

3 Toppling-and-sliding  Toppling-and-sliding
4 Sliding Toppling-and-sliding
S Sliding Sliding

-330-




{1vot.)
owos 0009 000°'S 000y 000°€ 0002
| ]

000's
1 ! | ) 1 1 t 1 1

0001 000
! _ _ WYHHNA 40 ALISHIAINN

AHdYHODO039 40 LNaIW1Hvd43ag

005°t- 7

005"~ 7]

%5 ////////////////////////////////////////////
A AREUURARRARLRARARREEARRLARRERAARRRRARARAN

SO0 ALARRRNRARRAARREIUARRRRRLERARRARRRRRARRRANN
JAARNARRRLARRRLALRERLUARRANEEUTRRARRRRRARRRRY

JARRURURRARRALRRERLUVURRRARREEERAAARRRRRRANN

S A [URRLEARARTARLLLLVARRRRRLTEUCRARRRRARANNRY e
A NURRLRRRAARRRAARRRRUEEERUARARRRRARRARY i

A A RARTARLLUCRRRARARARRRRRRRRRRAAANNY 03258 - wnunseus
JA RRURARURTLLLARRRRRARRAAARRARRRNRRRY s oo
[ 9;;;;;;;;;;¢z%%%%%%w |
| R AN oos oraLov, e

81:0¢ 0861/b0/1L
005 7

1 aN3oT

-331-

0059 7

(00°Z uoisiap) 93an

(vor) 'S3901q 8jqewlofep yum ssew xa01 eyuelb Buiyddo | ‘B/gv ainbi4 : 31111 gor




000'8

00072
I

on_vo.w

000°S
|

{(1vot.)
000y 000°€ 0002 000t o_oo.
| 1 1 i

006°L- 7]

005"~

005"t

0052

00s'e

005y 7

005°S ]

0059 7

WYHYNA 40 ALISHIAINN
AHJVYHO039 40 IN3IW1HVYd43Q

$)190Iq Jap} ul penojd seuoz
Jojd >20|q

90S 20+3/9v'L  ewn
000012 ej]ofo

61:0¢ 0861/40/1 -

aN3OT

(00°z uoisiap) o3an

“{1vold)

'S8uoz sjqeunojep Buimoys ssew o1 epuelb bunddo) qze anbi4 : 31111 gor

-332-



0008

000°L
|

000°9
|

000°'s
{

(1vo1.)
on_s.v

000t
|

0002
1 1 |

on_vo. t 000"

005°L- ]

005"~ 7

005" 7

00§t 7]

0052 7

00S°e 7]

005t 7]

005°5 7]

0059 7]

WYHYNA 40 ALISHIAINN
AHdVYHD039 40 INJWIHVYJ3a

lojd 30)q

90S 20+32/2° L ewn
000012 8joho
12:02 0861/b0/1

N3O

(00°z uorsiap) o3an

(1vot.)

"S}00Iq ejgewloep yum ssew ajuelb Butpiis-pue-buyddo] o/¢y ainbi4 : 37111 gor

-333 -



4 —

3 —
el
g 5 stable sliding
£
S~
o]

1 —

/ toppling toppling
o
/ & sliding
0 —
i T T

I I T T i I T T f 1
-40 -30 -20 -10 0] 1M 20 30 40 50 60 70 80
base plane angle (degrees)

Figure 4.38: Limiting conditions for sliding, toppling and stable rock masses which

contain variable discontinuity spacings.
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Figure 4.39: Limiting conditions for the failure of rock masses containing variable
discontinuity spacings compared with the limiting conditions for the
failure of the limestone rock masses.

The boundaries between the mechanisms of failure are taken from Figures 4.5 and 4.38.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Variable spacings

1 Stable Stable

2 Toppling Toppling

3 Sliding Sliding

4 Toppling-and-sliding  Toppling-and-sliding
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Figure 4.41: Limiting conditions for sliding, toppling and stable rock masses which

contain variable discontinuity dip values.
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Figure 4.42: Limiting conditions for the failure of rock masses containing variable
discontinuity dip values compared with the limiting conditions for the
failure of the limestone rock masses.

The boundaries between the mechanisms of failure are taken from F igures 4.5 and 4.41.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Variable dip

1 Stable Stable

2 Toppling Stable

3 Toppling Toppling

4 Toppling-and-sliding  Toppling-and-sliding
5 Sliding Sliding
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Figure 4.44: Limiting conditions for sliding, toppling and stable rock masses which

contain impersistent discontinuities.
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Figure 4.45: Limiting conditions for the failure of rock masses containing impersistent
discontinuities compared with the limiting conditions for the failure of
the limestone rock masses.

The boundaries between the mechanisms of failure are taken from F igures 4.5 and 4.44.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Impersistent rock masses
1 Stable Stable

2 Toppling Stable

3 Toppling Toppling

4 Toppling-and-sliding  Toppling-and-sliding

5 Toppling-and-sliding  Sliding

6 Sliding Sliding
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Figure 4.46: Limiting conditions for sliding, toppling and stable rock masses which

contain a water table set to 35 metres.
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Figure 4.47. Limiting conditions for the failure of rock masses containing a water
table set to 35 metres compared with the limiting conditions for the
failure of the limestone rock masses.

The boundaries between the mechanisms of failure are taken from Figures 4.5 and 4.46.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Rock masses with water table
1 Stable Stable

2 Toppling Toppling

3 Toppling-and-sliding  Toppling-and-sliding

4 Sliding Sliding
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Figure 4.49: Limiting conditions for sliding, toppling and stable rock masses which

contain a water table set to 50 metres.
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Figure 4.50: Limiting conditions for the failure of rock masses containing a water
table set to 50 metres compared with‘ the limiting conditions for the
failure of the limestone rock masses.

The boundaries between the mechanisms of failure are taken from Figures 4.5 and 4.49.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Rock masses with water table
1 Stable Stable

2 Toppling Toppling

3 Toppling-and-sliding  Toppling-and-sliding

4 Sliding Sliding
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Figure 4.51: Limiting conditions for the failure of rock masses containing a water
table set to 50 metres compared with the limiting conditions for the
failure of rock masses containing a water table set to 35 metres.

The boundaries between the mechanisms of failure are taken from Figures 4.46 and

4.49. Zones on the graph are delimited by the boundary lines:

Zone Water table =50 m Water table =35 m

1 Stable Stable

2 Toppling Toppling

3 Toppling-and-sliding  Toppling-and-sliding
4 Sliding Sliding

-357-




00sv
1

(1vo1.)

On_um €

0052
| ) ! 1

00s°L 00s"
L

0007t~

000"

000°1 7

0002

000°€ 7

000%

000§ 7

0009

WVYHYNA 40 ALISHIAINN
AHdAYHOO03D 40 LINIWIHVY43a

-3l 0
jl]']jl—l__‘_
£€0-399.C = wnuixew

S10}00A A)100]8A
jojd xo0iq

%8s 00+3052 L = ew} Moy
28S 00+3062', owy
000012 8[ohd

€512 0861/P0/1

aN3Io

(00°z uoisiap) o3an

(1vol.)

Sel’W Qg 1e 8|qe) Jejem e yum ssew Buipys-pue-buiddo] ‘ezg eanbly - 3 111 g90r

-358 -



(1vot,)

On_vm.n 0059 00§°'S oﬁ_um.v onwm.m owm.w 005°1L 00s°
| I |

: : WYHYNA 40 ALISH3AINN
AHdAYHO03D 40 LNIWIHVY43a

000°t- "7

000"

000" /
000 1 /

00+32S1'v =)>dIy eull yoes
L0+3920'C¢ = olel mojj xew
sejes Moy}

Joid Avtepunog

000°¢ /

oo 98s 00+3052 2 = ewl} Moy}
20S 00+3052°Z ewn
000012 o12/o

€512 0861/¥0/1

000§ 7

aN35T7

0009 7]

- 359 -

. (00°z uoisiap) 23an

{(vot.) 'Sseuwl yoou buipis-pue-buyddoy e jo sjes moj4 :qz5 ¥ alnbi4 : 31111 gor




0052

0059 om_um.m
|

005y

(1vol,)

oo_m.m on_vm.N 005°1L 00s"
!

L

000°t-

000"

000°1L

0002 7

000°€ 7]

000t 7

000§ 7

000’9

5 _ AWYHYNA 40 ALISHIAINN
AHdVHD03D 40 INIW1HYJIQ

<&

P0+31.6'8 =)>21y) auy| Yyoee
S0+398v' ¥ = ainssaid wnulxew
seunssaid alod urewop

Jojd Arepunoq

99S 00+3052 £ = oW} Moy}
99S 00+30G2°, 8um
000012 ophd

9912 0861/¥0/L

anN3omn

(00°z uoisiap) 03an

(tvot.)

'ssew buipys-pue-buliddoy e ur einsseid Jejem e104 925 eanbiy : I1LIL GOT

- 360 -



(0.,0t.)

LA et e

09

0's

WYHYNA 40 ALISH3AINN
AHdAYHOO039 40 INIW1HY43IA

ov oe o0¢ o'l

g ——ZL0+361°| <2 1BIY> £0+39¢€°L

99s 00+3052 'L = 8w} Moj}
995 00+3052°2, eun

; ol 000042 ©johd

L5112 086L/40/}

aN3aosm
(£ «+0L.)

(00°z uoisiap) o3an

©1qe) Jejem e yum ssew Bulplis-pue-Bulddoy e Joj seolod pzg enbid : 31111 9or

- 361 -



4 -

3 —
9
g 2 - stable sliding
£
S~
Qo

1 —

toppling
& sliding
0]
T T T

f | ] [ T I f T i [
-40 -30 -20 -10 0 10 20 30 40 50 60 70 80
base plane angle (degrees)

Figure 4.53: Limiting conditions for sliding, toppling and stable rock masses which

have joint stiffness values set to 5 GPa.
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Figure 4.54: Limiting conditions for the failure of rock masses which have joint
stiffness values set to 5 GPa compared with the limiting conditions for
the failure of the limestone rock masses.

The boundaries between the mechanisms of failure are taken from Figures 4.5 and 4.53.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Joint stiffness = 5 GPa
1 Stable Stable

2 Stable Toppling

3 Toppling Toppling.

4 Toppling-and-sliding  Toppling-and-sliding
5 Sliding Sliding

- 363 -



4 -

3 —
2
© 5 stable sliding
S
Qo

1 —

/// toppling topplihg
O —{
T T T ] j i i T i i T ] T
-40 -30 -20 -10 o 10 20 30 40 50 60 70 80

base plane angle (degrees)

Figure 4.55: Limiting conditions for sliding, toppling and stable rock masses bounded

by a wave cut platform.
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Figure 4.56: Limiting conditions for the failure of rock masses bounded by a wave cut
platform compared with the limiting conditions for the failure of the
limestone rock masses.

The boundaries between the mechanisms of failure are taken from Figures 4.5 and 4.55.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Wave cut platform

1 Stable Stable

2 -Stable Toppling

3 Toppling ' Toppling

4 Toppling-and-sliding Toppling-and-sliding
5 Sliding Sliding
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Figure 4.59: Limiting conditions for sliding, toppling and stable rock masses above a

clay base.
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Figure 4.60: Limiting conditions for the failure of rock masses above a clay base
compared with the limiting conditions for the failure of the limestone
rock masses.

The boundaries between the mechanisms of failure are taken from Figures 4.5 and 4.59.

Zones on the graph are delimited by the boundary lines:

Zone Limestone Clay base

1 Stable Stable

2 Stable Toppling

3 Toppling Toppling

4 Toppling-and-sliding  Toppling-and-sliding
5 Sliding Toppling-and-sliding
10 Sliding Sliding
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JOB TITLE : Figure 4.61d: Toppling rock mass above a clay base.
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Figure 5.2a:  The Jurassic stratigraphic column in Dorset.

From Allison, 1986, after Melville and Freshney, 1982.
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Figure 5.2b: The Cretaceous stratigraphic column in Dorset.

From Allison, 1986, after Melville and Freshney, 1982.
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Figure 5.4:

ARKELL,1947

TOWNSON, 1975
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Figure 5.7:  Geological cross-sections along the Purbeck coast.
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Land above 1800 m

114°W 12° 110° 108° 106°

Figure 5.9:  Location map of the Colorado Plateau.
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Material Properties
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Young (1985)
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Figure 5.11: A summary of slope development studies on the Colorado Plateau.”
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| Land above 1,600 m.

? km 5
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Figure 5.12: Location map of Dead Horse Point State Park and the Island in the Sky

Mesa.
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Land above 1,700 m.

Butte

metres 1000

Dead Horse Point

Figure 5.13:  Scarp plan at Dead Horse Point State Park.
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Slope crest

Late Triassic Kayenta Formation

Free face

1650 m
Angled basal

Figure 5.14: A profile of the cliffs at Dead Horse Point State Park.
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_Slope crest

g Late Triassic Kayenta Formation
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Figure 5.15: A profile of the cliffs at the Colorado National Monument.
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Figure 5.16:  Scarp plan at the Colorado National Monument.

-393 -




Contour
interval is 2%
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180

Figure 6.1:  Polar projection for the discontinuities in the Portland Limestone at

Winspit. From Allison, 1989.
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Contour
interval is 2%

270 90

180

Figure 6.2:  Polar projection for the discontinuities in the Portland Limestone at Fossil

Forest. From Allison, 1989.
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Figure 6.3:  Polar projection for the discontinuities in the Portland Limestone at

Lulworth Cove. From Allison, 1989.
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Figure 6.4:  Polar projection for the discontinuities in the Portland Limestone at

Durdle Door. From Allison, 1989.
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Frequency distribution of Winspit joint spacing readings.
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Figure 6.6:
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Frequency distribution of Fossil Forest joint spacing readings.
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Figure 6.7:  Frequency distribution of Lulworth Cove joint spacing readings.
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Figure 6.8:  Frequency distribution of Durdle Door joint spacing readings.

-399 -




3 vo
2 —
."é-
7]
£
2
1 —y
O —
T I I
0] 1 2 T
Fossil Forest
Figure 6.9: A quantile-quantile plot for joint spacing readings from Winspit and Fossil
Forest.
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Figure 6.10: A quantile-quantile plot for joint spacing readings from Fossil Forest and

Lulworth Cove.
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Figure 6.11: A quantile-quantile plot for joint spacing readings from Lulworth Cove
and Durdle Door.
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Figure 6.12: A cumulative distribution function of joint spacing readings for Winspit

metres, log scale
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Fossil Forest, Lulworth Cove and Durdle Door.
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Figure 6.14: Profile of the sea floor offshore from Tillywhim.
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Figure 6.15: Profile of the sea floor offshore from Winspit.
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Figure 6.16: Profile of the sea floor offshore from Pondfield.
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Figure 6.17: Profile of the sea floor offshore from Bacon Hole.
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Figure 6.18: Profile of the sea floor offshore from Fossil Forest.
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Figure 6.19: Profile of the sea floor offshore from Potter’s Hole.
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Profile of the sea floor offshore from Stair Hole.
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Figure 6.22: Profile of the sea floor offshore from Durd_le Door.
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Figure 6.23:  Offshore profiles for the sites at the eastern end of the Isle of Purbeck.
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Figure 6.24: Offshore profiles for the sites in the central part of the Isle of Purbeck.
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Figure 6.25: Offshore profiles for the sites at the western end of the Isle of Purbeck.
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Figure 6.26: Mohr’s circles of stress from tests conducted at confining pressures

(o3) of 15 MPa, 30 MPa and 60 MPa. A: Durdle Door, B: Stair Hole,

Lulworth Cove and Worbarrow Tout, C: Fossil Forest, Bacon Hole,

Pondfield, Seacombe and Tillywhim, D: Winspit. From Allison, 1989.
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Figure 6.27: Changes in rock strength for the Portland Limestone along the Isle of

Purbeck coast.
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Contour
interval is 2%
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180

Figure 7.1:  Polar projection for the discontinuities in the Kayenta Formation at site

DHAE.
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Figure 7.2:  Polar projection for the discontinuities in the Kayenta Formation at site

DH5H.
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Figure 7.3:  Polar projection for the discontinuities in the Kayenta Formation at site

DH7E.

- 483 -



Contour
interval is 2%

90

270

180

Figure 7.4:  Polar projection for the discontinuities in the Kayenta Formation at site

DHI11H.
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Figure 7.5:  Polar projection for the discontinuities in the Kayenta Formation for all of

the headland sites at Dead Horse Point.
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Figure 7.6:  Polar projection for the discontinuities in the Kayenta Formation for all of

the embayment sites at Dead Horse Point.
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Figure 7.7:  Frequency distribution of the total joint spacing readings from Dead
Horse Point.
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Figure 7.8:  The distribution of joint spacing readings from site DH2E against the

average for Dead Horse Point.
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Figure 7.9: A quantile-quantile plot for total joint spacing readings from DH2E and

DH3H.
metres
30
20 °
")
o]
©
Q
£
10
0 -
T | T T T
0 5 10 15 20
embays

Figure 7.10: A quantile.-quantile plot for total joint spacing readings from all headland

sites and all embayment sites at Dead Horse Point.
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Figure 7.11: Plan of the cliffs at Dead Horse Point State Park showing the surface

joint geometry for the field sites.
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Figure 7.12: Frequency distribution of total Schmidt hammer readings from Dead

Horse Point.
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Figure 7.13: The distribution of Schmidt hammer readings from site DHI1H against the

average for Dead Horse Point.
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Figure 7.14: A quantile-quantile plot for Schmidt hammer readings from DHIH and

DH2E.
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Figure 7.15: A quantile-quantile plot for total Schmidt hammer readings from all

headland sites and all embayment sites at Dead Horse Point.
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Figure 7.16: Frequency distribution of total Schmidt hammer readings from
Canyonlands National Park.
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Figure 7.17: A quantile-quantile plot for total Schmidt hammer readings from all

headland sites and all embayment sites at Canyonlands National Park.
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Figure 7.22:  Polar projection for the discontinuities in the Kayenta Formation at site

CO19E.
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Figure 7.23: Polar projection for the discontinuities in the Kayenta Formation at site

CO9E.
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Figure 7.24: Polar projection for the discontinuities in the Kayenta Formation at site

COS56H.
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Figure 7.25: Polar projection for the discontinuities in the Kayenta Formation at site

CO12E.
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Figure 7.26: Frequency distribution of the total joint spacing readings from the

Colorado National Monument.
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Figure 7.27: The distribution of joint spacing readings from site CO12H against the

average for the Colorado National Monument.
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Figure 7.28: A quantile-quantile plot for total joint spacing readings from CO12H and
CO19E.
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Figure 7.29: A quantile-quantile plot for total joint spacing readings from all headland

sites and all embayment sites at the Colorado National Monument.
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Figure 7.30: Plan of the cliffs at the Colorado National Monument showing the

surface joint geometry for the field sites.
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Figure 7.31: Frequency distribution of total Schmidt hammer readings from the

Colorado National Monument.
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Figure 7.32: The distribution of Schmidt hammer readings from site CO12H against

the average for the Colorado National Monument.
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Figure 7.33: A quantile-quantile plot for Schmidt hammer readings from CO12H and
COI9E. |
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Figure 7.34: A quantile-quantile plot for total Schmidt hammer readings from all

headland sites and all embayment sites at the Colorado National

Monument.
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Plates
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Plate 5.1: The western pincer at the entrance to Lulworth Cove. Portland Limestone

" forms the sea cliff, with the contorted Purbeck Beds behind.
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Plate 5.2: Portland Limestone reef across St. Oswald’s Bay.
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Plate 5.3: Durdle Door arch and the western part of the Durdle Promontory.
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Plate 5.4: Portland Limestone cliffs at Stair Hole and the Lulworth Crumple in the
Purbeck Beds.
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Plate 5.5: The field site on the eastern pincer at Lulworth Cove. Note the dip of the

bedding in the Portland Limestone which is measured at 27°.
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Plate 5.6: The Portland Limestone outcrop at Fossil Forest.
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Plate 5.7: The Portland Limestone sea cliffs at the western entrance to Bacon Hole.
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Plate 5.8: The field sites at Worbarrow Tout (left) and Pondfield (right). Note how
the Portland Limestone outcrop rises above Kimmeridge Clay in Gad

Cliff to the east of Pondfield.
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Plate 5.9: The quarried Portland Limestone outcrop at Winspit.
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Plate 5.10:

The Portland Limestone sea cliffs at Seacombe.
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Plate 5.11:  The horizontally bedded Portland Limestone outcrop at Tillywhim.
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Plate 5.12: A toppling block of Portland Limestone embedded within the
Kimmeridge Clay at St. Alban’s Head.
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Plate 5.13:  Typical view of the Colorado Plateau in the Canyonlands region.
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Plate 5.14:  White Rim Sandstone scarp plan form in the Canyonlands region.
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Plate 5.15:  The Chinle Formation / Wingate Sandstone / Kayenta Formation cliffs at
Dead Horse Point State Park.

-575-






Plate 5.16: Headland site DH6H at Dead Horse Point State Park.
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Plate 5.17:  Embayment site DH2E at Dead Horse Point State Park.
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Plate 5.18: Butte and site DH11H at Dead Horse Point State Park.
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Plate 5.19:  The Chinle Formation / Wingate Sandstone / Kayenta Formation cliffs at

Fruita Canyon, Colorado National Monument.
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Plate 5.20:  Weathering of unprotected Wingate Sandstone at the. Coke Ovens,

Colorado National Monument.
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Plate 5.21:  Monument Canyon, Colorado National Monument. Note differences in
cliff profile form across the valley. Embayment site CO15E is on the left
(south) side of the canyon and CO13E is on the right.
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Plate 5.22:  Headland site CO11H at the Colorado National Monument.
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Plate 5.23:  Independence Monument, Colorado National Monument.
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Plate 5.24:  Discontinuities in the Winspit Member of the Portland Limestone at

Winspit.
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Plate 5.25:  Discontinuities in the Kayenta Formation at Dead Horse Point State Park.
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Plate 6.1: A toppling block of Portland Limestone at Winspit.
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Plate 6.2: The top of the Durdle Door sea arch. Note the almost vertical bedding of

the rock.
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Plate 7.1: The east-west profile of the modelled butte from site DH11H at Dead

Horse Point State Park.
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