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Examiner
SECTION A

only

Answer all questions in the spaces provided.

1. Figure 1a is a map of the Bristol Channel area showing an estimate of wave heights from a
possible tsunami that caused a flood event in January 1607.

y Key:

erie 5m__ estimated tsunami height SEVERN
® ° town/city ESTUARY

Swansea water depths:  10m ------—---
o 30m———-

_ y _ e Weston-
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// . .
- Minehead 0 10
/ [
/ km

Figure 1a

Refer to Figure 1a.

(a) (i) Describe the change in the estimated height for this tsunami wave in the Bristol
Channel area. 2]

(i) State two reasons why the estimated tsunami wave height changes along the
Bristol Channel area. 2]
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© WJEC CBAC Ltd. (A480U30-1)




3

(b) Suggest one possible cause of a tsunami around the British coast in the recent geological
past. [1]

(c) Figure 1b shows the maximum height of storm waves in the Bristol Channel area and the
predicted tsunami wave heights required to transport and align boulders found along the
coast in this area.
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@ S~ I maximum recorded 2
51 e~ —— : storm wave height 1
-— .r -— e e e - -
|
0 T T T I T T 0
160 140 120 100 80 60 40 20 0

Distance (km) Tsunami wave height (m)

— — — = Storm wave height (m)
Figure 1b

Refer to Figure 1b.

(i)

Boulder A could be transported and aligned by a tsunami wave 4 metres high.
Determine how many times higher a storm wave would have to be in order to
transport and align the same boulder. 1]

A boulder that was measured at 100 km would have required a storm wave height
of 22m to transport and align it.
Plot this data point onto Figure 1b. [1]

With reference to the point you have plotted on Figure 1b, explain how this boulder
supports the theory that the 1607 flood event was caused by a tsunami rather than
a storm. [2]

Examiner
only

A480U301
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(iv)  From your knowledge of tsunamis, suggest and explain one other piece of evidence
that could be used to support the theory that the 1607 flood event was caused by a
tsunami. (2]

(d) Refer to Figures 1a and 1b.

“The coastline of the Bristol Channel should be defended against future tsunamis.”
Evaluate this statement with reference to geohazard risk. [4]
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Examiner
|
2. Figure 2 is a cross-section through a cutting for a new route for the A465 road in South Wales. o
504
Key:
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Figure 2
Refer to Figure 2.

(@) Describe one way in which the mined coal seam might affect the stability of the new
road.

[2]

(b) (i) State two reasons for the inclusion of feature X in the design for the slope to be
excavated for the new road. [2]
0000000000000 OO0 O T OOU OO OSSOSO
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(i) Describe how one other slope stabilisation technique might be suitable to stabilise
the 60° slope of sandstone and shale. 2]

(c) (i) Calculate, using trigopnometry, the slope angle Q that is to be excavated in the mine
waste. Show your working. [3]

(i) Explain why the slope angle in the mine waste must be excavated to be lower than
that in the sandstone and shale. [3]

(d) Explain one method that could be used to monitor the stability of these slopes once the
new road has been built. [3]

only

Examiner

A480U301
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Examiner

SECTION B only
Answer all questions in the spaces provided.

Questions 3 — 6 relate to the British Geological Survey 1:50 000
geological map extract of Falmouth (352)

3. (a) Refer to the key on the geological map. Complete Table 1 to identify the features

represented by the symbols at the following grid references. [2]
Grid reference Feature
749380 .
737396 .
Table 1
(b) (i) Complete Table 2 by inserting the following events from the geological map in
order of their relative ages — oldest at the base. 2]
Pluton P mineral veins Mylor Slate Formation (MrSl)
Relative age Events
Youngest .
Oldest .
Table 2

(i) State the evidence from the geological map that Pluton Q was intruded after the
Dolerite (D’). [2]

(iii)  Explain the evidence from:
1. the geological map
2. the Bouguer gravity anomaly map
to suggest that, at depth, Pluton P is part of the larger Pluton Q to the south.  [3]

08
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(c) The width of outcrop of the metamorphic aureole varies around the granite pluton.

(i) Calculate the width of outcrop of the metamorphic aureole along the line X-Y on the
geological map. Show your working. [2]

(i)  Draw an annotated diagram(s) to explain how the width of outcrop of the metamorphic
aureole may reflect the dip of the contact between the pluton and the country rock.

[2]

(iii)  State and explain one other possible reason for the variation in outcrop width of the
metamorphic aureole. [2]

09
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(d)

Figure 3 shows a student’s field map of strike and dip orientations of cleavage within the
Devonian slates on the geological map.

/ / strike and
dip of cleavage

km

Figure 3

The student concluded that ‘the intrusion of the granite pluton was unlikely to have been
responsible for the development and orientation of the cleavage within the slates’. Evaluate
this statement. [3]

Examiner
only
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12

A student undertook a field investigation into the alignment of the long axis of feldspar phenocrysts

in Pluton Q. Figure 4 is a rose diagram of data collected from a single rock surface.

Table 3 is a partly completed chi-squared test used to test the null hypothesis (H,); there is no

alignment of the phenocrysts.

000°
330° T 030°
300° // ‘ 060°
J”/ /,
270°—— '; 15 i 090°
// /" observed
\ / / feldspar
/ phenocrysts
240° , 120°
210° il -~ 130°
180°
Figure 4
Phenocryst Observed Expected
alignment frequency frequency _ Y 2
in degrees ©O) (E) (O-E) (O-F) (©-E)
(class) E
000 - 029 8 . . .
030 — 059 5 8 -3 9 1.125
060 — 089 4 8 -4 16 2
090 - 119 7 8 -1 1 0.125
120 — 149 16 8 8 64 8
150 — 179 10 8 4 0.5
Total 48 48 chi-squared value 12.25
Table 3

Examiner
only
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(@ (i) Complete Figure 4 by using the observed frequency (O) for phenocryst alignment
in the 150° — 179° class in Table 3. 1]

(i) Using data from Figure 4, complete Table 3 for phenocryst alignment in the
000°- 029° class. [2]

(iii)  The critical value for chi-squared in this case is 11.07 at the 0.05 confidence level.
State, with reasons, whether the null hypothesis (H,) is accepted or rejected. [2]

(b) Suggest why the data collected from the single rock surface in this investigation may have
resulted in a false conclusion. [3]

Examiner
only
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5. Figure 5 shows the area within box A on the geological map. It provides details of the
Porthtowan Fault Zone (PTF) in the vicinity of the planned United Downs Deep Geothermal
Power Project.

location of United

! -
NEOA N, Downs Deep
s 0/ Geothermal
N 4 Power Project H
7" ’
: 7y /4, 4
L . m
! —l'
-
’
4
41
‘ Key:

: PTF : Porthtowan Fault Zone
\m\3m Faults (with displacement)

771>~ Granite outcrop

Figure 5
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Refer to Figure 5

(@ (i) Complete Table 4 to identify the fault characteristics within the Porthtowan Fault

Zone (PTF). [2]
Porthtowan Fault Zone (PTF) characteristics
Range of fault displacements .
Fault type .
Table 4

(i)  Explain how you might confirm the direction and amount of fault displacements in
the field. [3]

(b) Explain why the permeability of the granite is likely to be significantly higher in the
Porthtowan Fault Zone (PTF) than in other areas of granite underlying this region. [2]

15
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Exami
6. Figure 6 is a cross-section through the planned United Downs Deep Geothermal Power Project X?):}Iyner

shown in Figure 5 and on the geological map. Table 5 shows geotechnical data relevant to this

project.
United Downs Deep
Geothermal Power Project
| ] | ]
temperature of —

surface rock = 12°C Mylor Slate
| Formation (MrSI)

\

\ !~ - 7 o~
- hot water pumped
to surface

Porthtowan Fault Zone (PTF):
faulted granite with a permeability
0f 9.9 x 107"m? allows water to < -
flow from the injection to the
production well

|_~ injection well
(cold water)

s

|_—~ production well
(hot water)

2.5km deep —

4.5km deep ——

Figure 6

United Downs Deep Geothermal Power Project — geotechnical data

temperature of surface rock 12°C
geothermal gradient 0.040°Cm™"
estimated permeability of granite in the 16 .2
Porthtowan Fault Zone (PTF) 9.9 107" m
Table 5
Refer to the geological map, Figure 6 and Table 5.
(@ (i) Suggesttwo reasons why this region has such a high heat flow. [2]

16
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(i) Calculate the predicted temperature of the rock at the bottom of the production well.
Show your working. 2]

temperature ... °C

(b) In order to achieve the required flow rate in the Porthtowan Fault Zone (PTF) between
the injection and production wells, the permeability of the granite needs to be 19 times
greater than the estimated value of 9.9 x 10~'®m?.

(i) Calculate the permeability needed in the granite to achieve the required flow rate
between the two wells. Give your answer in standard form. [1]

PEIMEADINIY ...t m?

(i) Suggest how the permeability of the granite might be artificially increased between
the two wells to achieve the required flow rate. [2]

(c) Assess the possible impact of two of the following environmental issues that might be
associated with developing this site for geothermal energy production:
* radon gas emissions
e interference with the hydrological system
* seismic activity [5]

Examiner
only

A480U301
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Answer the questions from only one option.

SECTION C

Tick (/) one of the boxes below to indicate which one option you have selected.

Quaternary Geology

Option 1: Quaternary Geology

If you have chosen this option, answer all the questions within this option.

Geological Evolution
of Britain

Geology of
the Lithosphere

7. Figure 7ais a reconstruction of a species of fossil mammoth found at Condover, Shropshire.

(@) Explain how the mammoth shown in Figure 7a may provide evidence for climatic change

in the Quaternary.

Figure 7a

[2]

19
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(b) Figure 7b is a cross-section through Quaternary sediments at Condover. Table 6 lists
part of two beetle fossil assemblages (C from sediment C and M from the skull of the
fossil mammoth in sediment C).

Key:
sediments

E grey silt with mammoth fossils
('4C age: 12,240+120 years B.P.)

B clast-supported gravel
A % pink laminated clay

100
Figure 7b
assemblage representative species present-day habitat
M Necrobia violacea corpse beetle — feeds on larvae of flies in
. decomposed carcasses
(2 species) Aphodius lives on dung
Agabus bipustulatus ponds and puddles
Agabus congener cold water ponds
C Rhantus notatus ponds with silty sediments
(75 species) Colymbetes dolobratus very cold water in Norwegian mountains
P Coelostoma orbiculare marshy edges of ponds
Blethia multipunctata marshy bogs
Aphodius lives on dung
Table 6

20
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Refer to Figure 7b and Table 6.

(i) Describe the environment in which the grey silt (sediment C) was likely to have been
deposited. [2]

(i)  Explain the origin of the fossil assemblage (M) found in the mammoth skull. [2]

(d) Refer to Figures 7a, 7b and Table 6.

“Invertebrate fossils, such as beetles, give better evidence for Quaternary climatic
fluctuations than vertebrate fossils, such as mammoths.”

Evaluate this statement with reference to the evidence from Condover. [4]

Examiner
only
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8. Figure 8a is a map showing glacial corries in Snowdonia, North Wales. Figure 8b is a graph
showing the orientation and altitude of the corries in Figure 8a. Figure 8c is a graph showing
the altitude of the floor of the corries in Figure 8a.

Anglesey

O T

Carnedds 73 %

“L

L
%‘”féﬁé‘% éa%

Snowdea™

i

prevailing wind

direction corrie (zone of glacier

ice accumulation)

scale:
012 34
km

river

W)CTE

lake

Figure 8a

mean = 497m

NN 201 median = 423m

151

10

Number of corries

750m o* ‘e
il . 5]
,500m

250m 0 T T T T T T T T y 1

. 0 200 400 600 800 1000
0 .

Altitude of : 1 Altitude of corrie floor (m)

corrie floor

S

Figure 8b Figure 8c
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(@ (i) Describe the range of corrie floor altitudes shown on Figure 8b. [2]

(i) State whether the graph in Figure 8c shows a positive or negative skew. Give a
reason for your choice. 2]

(b) Referto Figures 8a, 8b and 8c. Explain why the corries in Snowdonia have this orientation
and altitude. [3]

Question continues overleaf

23
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Figure 8d is a map showing some of the Quaternary features of the glacial corrie Cwm Idwal
in Snowdonia.

Key:

«350
Quaternary deposits

glacial till

QW/? periglacial deposits 400.

Landscape features Llyn Idwal

~~ steep rock cliffs
#1044 spot height (m)

O lake

—~— stream/river

------
--------
-----------
------
-----
-----
[

T

0 100

e —

metres

Figure 8d

Refer to Figure 8d.
(c) Explain the origin of the glacial till deposit A. 2]

(d)  “The glacial till deposits found in Cwm Ildwal allow the dimensions of the ice sheet that
formed this valley to be deduced.”
Evaluate this statement with reference to the Quaternary geology of Cwm Idwal. [3]

Examiner
only
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9.

Explain why oceanic sediments give a more complete record of evidence for glacial and
interglacial climatic cycles during the Quaternary than terrestrial sediments. [6 QER]

25
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Option 2: Geological Evolution of Britain
If you have chosen this option, answer all the questions within this option.

10. Figure 10 is a geological map of Great Britain.

Key:

(sedimentary and
metamorphic rocks in
stratigraphic order)

SEDIMENTARY ROCKS

T CENOZOIC
£
& III Palaeogene and Neogene

MESOZOIC
Cretaceous

Jurassic
Triassic

PALAEOZOIC
5 Permian

Carboniferous
Devonian
Silurian
Ordovician

(BN Cambrian
UPPER PROTEROZOIC

Late Precambrian

METAMORPHIC ROCKS

12 | Phanerozoic and Proterozoic
(&8 Early Precambrian

IGNEOUS ROCKS

14 Intrusive
{3 \/olcanic

2

+ axial plane trace of
a syncline

axial plane trace of

an anticline

box A
N
. (I) 1(|)0 2(|)0 T
“\ ‘ ‘ .
14 kilometres Figure 10
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Refer to Figure 10.

(@) Describe the age range and general distribution of rock ages across Great Britain.  [2]

(b) () The axial plane trace of a major fold in South Wales is marked on Figure 10. Add
the appropriate symbol to show the type of fold. Give one reason for your answer.

[2]

(i)  Using the appropriate symbols, draw the axial plane traces of two major folds in
box A on Figure 10. [2]

(i) A student suggested that “the folds in South Wales and box A are thought to have
been formed during the same orogenic event”.
Evaluate this statement with reference to the evidence on Figure 10. [4]

27
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11. Figure 11a is a graph showing the mean production of oceanic crust through time. Figure 11b
is a map showing the North Atlantic area in the Cretaceous period.

40~ -40
B
© . -
gc? 30 30
o
= €
& < 20- 20
8 c
S .2 Bp gt
c *g 104 mean = 23.5km~Ma 10
®
238 median = 22km>*Ma™"
a 0 0
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
(Ma)
Jurassic Cretaceous Palaeogene Neogene
Mesozoic Cenozoic
Figure 11a

|

North America
— site where

mafic igneous

activity will
develop in the
Palaeogene
Africa
Cretaceous sea floor Jurassic sea floor V* sea floor spreading centre
continent *~~| rift fault complex subduction zone

Figure 11b
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Refer to Figure 11a.

(@ (i) Describe the range of mean oceanic crust production through the Cretaceous
period. (2]

(i) State whether the graph shows a positive or negative skew. Give a reason for your
choice. [2]

Refer to Figure 11b.

(b) Explain the effects of the higher rate of production of oceanic crust in the Cretaceous
compared to the Cenozoic. 2]

(c) Explain why mafic igneous activity developed in the Palaeogene at the location shown
on Figure 11b. [3]

Question continues overleaf

29

© WJEC CBAC Ltd. (A480U30-1) Turn over.

Examiner
only



30

(d) Figure 11c shows the sequence of Cretaceous sedimentary rocks found in Norfolk,
eastern England.

sediments || age
&
7 1)
o Q.
o
)
Norfolk
(2]
>
(@]
[0
— O
S
o
&)
Key:
[_chalk il 5
: - — |2
-+ marine sand —— |38
[~ ]mudsandshales | | = — -
F | [Pre-
Flgure 11c Cretaceous

Refer to Figures 11b and 11c.
(i) Describe the changes in sedimentary rocks in Norfolk, in Figure 11c, through the
Cretaceous period. 2]

(i) “The Cretaceous sediments in Norfolk represent a deepening of the sea through

this time.”
Evaluate this statement with reference to the geological evidence. [3]

only

Examiner

14

30

© WJEC CBAC Ltd. (A480U30-1)




31

12. Discuss how the geological evidence found in Britain suggests that the lapetus Ocean closed in
the Mid-Palaeozoic. [6 QER]

31
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Option 3: Geology of the Lithosphere

If you have chosen this option, answer all the questions within this option.

through the oceanic lithosphere showing isotherms.

Graph A

13. Figure 13 shows heat flow data for an ocean basin system, together with a cross-section

Refer to Figure 13.

(a) State which of the graphs (A or B) shows a positive skew.
Give a reason for your choice.

Graph B
Ocean ridge Abyssal plain
30 30
. mean = 77 mWm™2 R mean = 49mW m™2
=20 median = 70mW m™2 X 20 median = 52 mW m™2
3 3
c c
(] (0]
210 210
o o
L 1 L 1
0- 0+
0 50 100 150 200 250 0 50 100
Heat flow (mW m™) Heat flow (mWm™)
ocean ridge sea level
abyssal plain ocean floor
------------------------------------------------- 500 C
Key: | e e
y hydrothermal| e 1000 ¢
W\ cireulationof | e 1500 C
seawater
------- isotherm
Figure 13
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(b)  With reference to the cross-section in Figure 13, explain the differences in
e the mean
e therange
of heat flow data shown in graph A and graph B. [3]

(c) (i) Draw in the base of the oceanic lithosphere on the cross-section in Figure 13. Give
a reason for your answer. [2]

33
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14. Figure 14a shows the calculated effect of the supercontinent cycle on sea levels during the last Exf):}iyner
600Ma. Figure 14b is a model of the predicted effect of the supercontinent and break-up stage
on global sea level.

Stage Break-up Assembly ccS>rL11t[i)ne(;1t Break-up
_E
S =
© O
s
33
— C
o o
c £
a<
88
C
o
600 500 400 300 200 100 O
Time (Ma)
Figure 14a
Stage
Phase 2
_Cf sea level old deep ocean oW
3 \H “ﬁ/ sea level
QO
o Phase 1
= young shallow
8 sea level = ocean —
o HIGH
o w w sea level
>
»
c
2 elevated supercontinent
c (trapping mantle heat flow)
§ sea level VERY LOW
g sea level
a ocean
lithosphere
Figure 14b
Refer to Figure 14a and Figure 14b.
(a) Using the evidence from Figure 14a, complete Table 7 by stating;
e the approximate length of a supercontinent cycle
e the future date at which the next supercontinent is predicted to form. [2]
the approximate length M
: . a
of a supercontinent cycle
the future date of the formation of | Ma
the next supercontinent
Table 7
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(b) State the stage of the supercontinent cycle in Figure 14a during which the following

events are likely to be most active. Explain your answer in each case. [3]
1. Continent-CoONtINENE COIlISION ..................oooooooooeeooeooeoeeoeeeeeeeeeeeeeeeeeeeeeeeeeeee e
EXPIANALON ..o

2. MaFiC AYKE INEIUSION ..............ccccoccoccciiiiviivieiieeeeee et
EXPIANGTION ...

(c) (i) Referto Figure 14a. Describe the sea level changes predicted during the break-up
stage of a supercontinent. 2]

(i)  With reference to Figure 14b, explain how isostasy may account for the sea level
changes predicted during the break-up stage of a supercontinent. [3]

35
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15. Explain the extent to which ophiolite complexes provide evidence for the composition and
structure of the oceanic crust and upper mantle. [6 QER]

END OF PAPER
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Question
number

Additional page, if required.
Write the question number(s) in the left-hand margin.
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