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3. (@)

(b)

(@)

(b)

© WJEC CBAC Ltd.

Describe the link between continental ice sheets and sea level change during
the Quaternary.

Evaluate the significance of ice core evidence in explaining Quaternary
climatic change. [25]

Isostatic sea level change in response to mass of ice locally on the
continents, displacing the mantle. Isostatic change is more localised
phenomenon that can be more directly related to local quantity of continental
ice.

Eustatic sea level changes in response to changing volumes of continental
ice and seawater during glacial/interglacial cycles. Eustatic change is a
global phenomenon.

Two cycles of sea level change are superimposed (and their differing rates)
which create the landforms and evidence seen today.

Link is directly causal. However there are two ways in which the sea level is
influenced by the continental ice whose effects must be considered together
in order to interpret the landforms and deposits found around the coast.

Continuous records can be obtained from drilling where ice has accumulated
for a long time, (Antarctica, Greenland).

Inclusions in the snow of each year remain in the ice, such as wind-blown
dust, ash, bubbles of atmospheric gas and radioactive substances.

Water molecules containing heavier isotopes have a lower vapour pressure,
when the temperature falls, the heavier water molecules will condense faster
than the lighter water molecules. The relative concentrations of the heavier
isotopes in the snow indicate the temperature of condensation at the time,
allowing for ice cores to be used in local temperature reconstructions.

Air bubbles trapped in the ice cores allow for measurement of the
atmospheric concentrations of trace gases such as: carbon dioxide, methane
and nitrous oxide.

Volcanic eruptions leave identifiable ash layers that can be dated. Dust in the
core can be linked to increased desert area or wind speed.

Tectonic activity (such as in Indonesia) can cause sea level change unrelated
to continental ice sheets. Changing volume of ocean basins occurs over long
time periods.

Total 25 marks
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Sticky Note

Described the process with diagrams to support answer



Sticky Note

Used data to support answer
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Sticky Note

Described isostatic processes



Sticky Note

Linked the processes and evidence (with named examples)



Sticky Note

Multiple examples used to illustrate the descriptions



Sticky Note

Effective conclusion drawn. This answer was awarded 12 marks. 
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Sticky Note

Candidate is confused about the terminology being used in the answer. 



Sticky Note

Candidate does not understand the difference between continental ice and sea ice



Sticky Note

Candidate doesn't understand the scales of global change that could occur



Sticky Note

Some description of eustatic sea level change



Sticky Note

There is little relation of sea level change to geological evidence or geological time scales.  There is no discussion of the role of isostasy in sea level changes. Diagrams have not been used to support description.  This answer is far too general and lacking confirmation that the candidate has understood the geology involved. This answer was awarded 4 marks.
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Sticky Note

Defines the processes clearly and at an early stage of the essay



Sticky Note

Describes the evidence that supports the theory of the processes



Sticky Note

2 types of sea level change discussed
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Sticky Note

A range of evidence given



Sticky Note

Examples quoted of places where these features are seen



Sticky Note

Evidence of higher sea levels described



Sticky Note

A range of evidence is described
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Sticky Note

Broadens out the range of evidence though at the cost of diverging from the thrust of the question



Sticky Note

This answer would benefit from greater use of diagrams to support the description and greater focus on the demands of the question. This answer was awarded 8 marks. 










3. (@)

(b)

(@)

(b)
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Describe the link between continental ice sheets and sea level change during
the Quaternary.

Evaluate the significance of ice core evidence in explaining Quaternary
climatic change. [25]

Isostatic sea level change in response to mass of ice locally on the
continents, displacing the mantle. Isostatic change is more localised
phenomenon that can be more directly related to local quantity of continental
ice.

Eustatic sea level changes in response to changing volumes of continental
ice and seawater during glacial/interglacial cycles. Eustatic change is a
global phenomenon.

Two cycles of sea level change are superimposed (and their differing rates)
which create the landforms and evidence seen today.

Link is directly causal. However there are two ways in which the sea level is
influenced by the continental ice whose effects must be considered together
in order to interpret the landforms and deposits found around the coast.

Continuous records can be obtained from drilling where ice has accumulated
for a long time, (Antarctica, Greenland).

Inclusions in the snow of each year remain in the ice, such as wind-blown
dust, ash, bubbles of atmospheric gas and radioactive substances.

Water molecules containing heavier isotopes have a lower vapour pressure,
when the temperature falls, the heavier water molecules will condense faster
than the lighter water molecules. The relative concentrations of the heavier
isotopes in the snow indicate the temperature of condensation at the time,
allowing for ice cores to be used in local temperature reconstructions.

Air bubbles trapped in the ice cores allow for measurement of the
atmospheric concentrations of trace gases such as: carbon dioxide, methane
and nitrous oxide.

Volcanic eruptions leave identifiable ash layers that can be dated. Dust in the
core can be linked to increased desert area or wind speed.

Tectonic activity (such as in Indonesia) can cause sea level change unrelated
to continental ice sheets. Changing volume of ocean basins occurs over long
time periods.

Total 25 marks










............................................................................................................................................................................................

HUCRIRD 1Al '(;vx_)\\g\@;};ﬁﬁz SISET AN e, Wouess TomEuoTras.. e ol

w Srursaae.. s, fis15 Wix S SO e M Ov MRS Goawg) b
v 3

................... 2 SRR PO AP B, TR, PG S PR il e, T P Y N Y L L T L TN LT T eI L e T AT e
ﬂ%m“iﬁ»wg{ﬂ:omQ\qosw\arwm\xwp@ﬁh@@m\ ................

XA T b oy e bose O o indmesion dud e ’wv% ey e Yowang

Y 25 AY
Baram. Saves A oxandionisma oy s Mopest TNR00R0 SIAY e

......................................................................................

Fowsoor . Bowans. Saatnds, SriRs 1s1ess. SopuStadd o S Spevawen

BRI e TR VRS o2 AR TR B S b B I W R L IR Tt N

o srarae) reSereidd, Sraos. S0t WSS @ \»@xg\‘v@m) O NESRIS

R T O LD R P R AT 7 S LS T BRI et g S IEC IR EEEEEREPEATY SRR LR L D CEC e e R G L L i sl et

Boosia N adony 1% . SIS
,J ~

% , 0 : AP
30 e aad) 105 1w Ao o Bowone. Readhon savigs, @se SETAN
S 3 ¢

............................ I TR E e ot SO B~ ANV SN0 L2 T S A At S e e

SOABSCT 1o RN RGO AT SIS UM e Sha OR2 ddeed
N

..................................................................... &
. WA IR D S e Ond MRS,

...................................... LA T P ST S brre O 000 oo et

Js
(

gl?b@“%\%u\f%\%@r 2. SOradion &% O

..............................................................................................................

e, 12 Or i e OS@ONS A0% I 2 SRer





Question

Number

] ) . . / ”
5b) Te0sEed oF LRI, VOTO- AMOIEEY 1S Sopasiies., 455

J ‘.
TAORAG e TOWSKED. OF TJOWAS Rontrion Sones n 9@\3&&&9%

SletMaion. 04 o uduas? N N@%&}@:ﬁ«* kq\}&a@ﬁ USTOSION OO
PorayDs  B50 Weothed Yo ba, Sod
Y —

\n ConOusina ot @2 w\m\u\ ANGOS Brotnses \w@\m A

Ba o madon, O 2ot ub’d}‘g \,\Q‘\JC\%\Q Axa Mp;\, S, MBS

h Moz o)A MeBieNe RARAATTIA Rep— \‘a\j\rf e | \“\!PP)'-
hadvolrane) MPoITL ond Bomoanes, Aot Sarmed b, Maiolie §

Soraoanosn v Ha MaSE oterCally Wwakls dud o ar leme

. D)
PR VAN Y o 0e o Oreal doPins. Pize %emu s Roathon
SRS iy AT TS Co it I SewmidTde o & SN Mna)S
) Nd

howswany g SANNTeA @ is\‘«?bw\ QL \T'\\ 00 x‘fvbwam&:os

CNISTE Kr.l i O xS











suspension in rivers when the rivers carrying capacity decreases in places such as meanders.
Residual deposites form due to the chemical weathering of feldspar to salts, clay minerals,
kaolinite and carbon dioxide. The products are then leached away apart from iron and
aluminium minerals ores which are insoluble so are left behind, this can be seen in the
bauxite deposits found in Jamaica. Precipitate deposits form when there is a chemical
change to a mineral that cuases it to become insoluble in water. Such as iron to iron oxide
that caused the formation of the Banded iron formations found in Western Australia where
the iron oxide is banded with quartz and has produced roughly 2 gigatons of iron oxide.

To conclude, igneous processes are extremely important in the formation of Hydrothermal,
pegmatite and cumulate deposits. as they form due to enrichment, fraction crystalisation
and magmatic segregation respectively. However it must be noted that not all mineral
deposits of economic value are produced by igneous processes.

b)Bowen' reactivity series is a discontinuous series that shows at what temperatures
different minerals are crystalised from a melt containing them. Minerals that are found in
specific types of magama are linked throught the bowens series with ultrabasic minerals
being the highest on the series and silicic minerals such as quartz are found at the bottom.

When looking at the major deposit types in part a the Bown's series only affects one of
these that being cumulate layer deposits. This is because the minerals that are found this
way that are economically important are very dense and have a high melting point putting
them above the bowens series in terms of when they crystilse from a melt. It is because of
this that they form Isyers that can be mined as otherwise they would be interspersed with
everything else that can crystalise from a melt. As Figure 3 shows the ultrabasic minerals
that make up the ores of economic value can be found above olivine in terms of when they
are formed this is also why only ultrabasic bodies can be used for cumulate deposit mining
as the others dont contain the whole series.

In conclusion the Bowens reactivity series plays a vital role in the formation of cumulate
mineral deposits as it is the basis of their formation however as discussed in part a there are
many other types of mineral ore forming metholds that the Bowens series plays no role in.










b)

Ore minerals are minerals which can have metals extracted from them through a number of
processes, they will normally form subsurface through igneous processes, one of the key features of
any igenous process is what temperature minerals will form at, the graph to show this is called the
bowens reacivitvy series.

The bowens reactivity series is a graph which shows which minerals form at a certain temperature.
This will be significant in the formation of ore minerals as the minerals will all form at different
temperatures and so it will create bands of different minerals, some of which will be ore minerals.
The series is formed because some minerals have a solidus and melting point alot higher than
others. This formation of such minerals will cause them to be denser than a melt and so will sink
towards the botom of said melt to form a layer that is rich in purely one mineral. This will also
change the compositon of the melt that these minerals would have formed from. This could be
benefical for the formation of ore minerals as they then have a higher chance of forming a pure
mineral instead of mixed in with other minerals to form a igenous rock.










2. “Economically viable hydrocarbon resources can only be located using geophysical
prospecting techniques.”
Evaluate this statement. [25]

Can use them to search a wide area often remotely (gravity and magnetic).

Can find deposits that don’t have a surface outcrop/deeply buried.

Can narrow areas for further investigation.

Very useful for finding geological structures that may contain viable quantities of
petroleum (seismic survey).

May be used to find salt domes that can create petroleum traps (gravity survey)
Can be used to determine structure and extent of structure.

Only finds deposits where there is a physical contrast with surrounding rocks.
Cannot prove the occurrence of oil or gas, only structures in which it may have
accumulated. Well log data is important once a hole has been drilled.

Cannot be used to determine quantity of the resource — more detailed work such as
mapping and drilling required.

Total 25 marks

3. (a) Explain how igneous processes can form economically valuable mineral
resources.

(b) Evaluate the significance of Bowen’s Reaction Series in forming ore minerals.
[25]

(a) Magmatic segregation: separating minerals by their crystallisation
temperature and density e.g. chromite and magnetite.
Magma immiscibility: Sulphide melts are immiscible with silicate melts and
may separate and sink below the silicate-rich part of the intrusion or be
injected into the rock surrounding it, e.g. sulphide ores containing copper,
nickel or platinum.
Pegmatites: Pegmatites formed by the crystallisation of late stage aqueous
magmas. Very coarse grained.
Hydrothermal veins: The movement of heated waters within the crust, often
as a consequence of magma intrusion or tectonic activity. Sources of
hydrothermal solutions include seawater and groundwater circulating through
fractured rock.

Credit other processes e.g. copper porphyry deposits

(b) Bowen’s Reaction Series relates to rock forming minerals, the ideas can
apply to ores.
Formation of minerals at different temperatures is very important for magma
segregation/fractional crystallisation e.g. chromite and magnetite. Itis less
important for the other processes.
Position on Bowen’s Reaction Series can influence the vulnerability of a
mineral to chemical weathering during sedimentary ore forming processes.

Total 25 marks
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(b)

(@)

© WJEC CBAC Ltd.

Describe the processes of formation of:
1.china clay
and
2 fluorite or barite (baryte)

Evaluate the application and limitations of prospecting using mapping and
satellite remote sensing techniques. [25]

China Clay

In situ weathering of feldspar to form kaolinite. Mostly plagioclase feldspar.
Sodium-rich feldspar (Albite) is most susceptible and is transformed into pure
kaolinite. Potassium rich feldspar (Orthoclase) is less susceptible and is
altered to a mixture of kaolinite and mica.

Muscovite and lithium-rich granites are those that form the best quality china
clay deposits. These granties do not contain much iron so do not stain the
china clay following chemical breakdown.

Water from groundwater in tropics and/or radiogenically heated groundwater
is main agent of kaolinisation.

Example: SW England

Fluorite

Hydrothermal fluids containing dissolved fluorine and other
elements/compounds are injected along weaknesses in rocks surrounding
plutons.

When this solution reaches calcium-rich, limestone bedrock, fluorite crystals
can precipitate along the walls of fractures and voids in the rock.

Flat layers of fluorite can form parallel to the limestone beds, replacing the
host rock.

Often occurs as part of a suite of hydrothermal minerals with copper, zinc and
lead ores.

Example: North Pennine Orefield

OR

Barite

Barite occurs in a variety of depositional environments, by a large number of
processes including biogenic, hydrothermal, and evaporation.

Most barite can be formed in sedimentary rock which was deposited when
barite precipitated onto the ocean floor.

Barite commonly occurs in lead-zinc veins in limestones where barium
sulphate precipitated from hydrothermal solutions. It is often associated with
the minerals galena, fluorite and haematite.

Example: North Pennine Orefield





(b)

Geological mapping

Fieldwork based — direct observation using trained geologists.
Applications:

High level of accuracy to pinpoint resources at the surface prior to
exploitation.

Can be very detailed — good to assess the problems of exploitation and
viability of resource.

Samples can be collected for accurate analysis.

Limitations:

Labour intensive and time-consuming.

Structural trends obscured on small scale.

Accuracy depends upon sample points and interpretation.
Possible problems of access in remote areas and lack of outcrops.

Satellite remote sensing

Radiation is absorbed and reflected in different ways by different materials.
Materials emit different types of radiation depending upon temperature and
molecular structure.

Emitted and reflected radiation can be monitored, analysed and displayed as
a visual image. Suitable for major metalliferous deposits (e.g. copper, iron)
Applications:

Provides a large-scale image relatively cheaply without need for fieldwork.
Inaccessible areas studied easily.

Large-scale structures show up which might be missed in the field.
Satellites are generally in place — only need to buy image required.
Limitations:

Used for only basic reconnaissance.

Does not provide stereo images.

Colours can be misleading.

Total 25 marks
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Sticky Note

Explantion of the process tied into evaluation of its importance.



Sticky Note

Examples of ores where this process is significant are quoted



Sticky Note

Candidate considers other igneous processes where Bowen's series is not important.



Sticky Note

Candidate attempts to tie Bowen's to sedimentary ore forming processes, but doesn't quite succeed. 
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Sticky Note

The essay would have been improved with a clearer explanation of the importance of concentration of ores and the significance of vulnerability to chemical weathering in sedimentary processes. This answer was awarded 10 marks. 










suspension in rivers when the rivers carrying capacity decreases in places such as meanders.
Residual deposites form due to the chemical weathering of feldspar to salts, clay minerals,
kaolinite and carbon dioxide. The products are then leached away apart from iron and
aluminium minerals ores which are insoluble so are left behind, this can be seen in the
bauxite deposits found in Jamaica. Precipitate deposits form when there is a chemical

\ change to a mineral that cuases it to become insoluble in water. Such as iron to iron oxide
that caused the formation of the Banded iron formations found in Western Australia where
the iron oxide is banded with quartz and has produced roughly 2 gigatons of iron oxide.

To conclude, igneous processes are extremely important in the formation of Hydrothermal,
pegmatite and cumulate deposits. as they form due to enrichment, fraction crystalisation
and magmatic segregation respectively. However it must be noted that not all mineral
deposits of economic value are produced by igneous processes.

b)Bowen' reactivity series is a discontinuous series that shows at what temperatures

different minerals are crystalised from a melt containing tr@. Minerals that are found in

specific types of magama are linked throught the bowens series with ultrabasic minerals
‘\ being the highest on the series and silicic minerals such as quartz are found at the bottom.

When looking at the major deposit types in part a the Bown's series only affects one of
these that being cumulate layer deposits. This is because the minerals that are found this
way that are economically important are very dense and have a high melting point putting
them above the bowens series in terms of when they crystilse from a melt. It is because of
this that they form Isyers that can be mined as otherwise they would be interspersed with
everything else that can crystalise from a mel Figure 3 shows the ultrabasic minerals
that make up the ores of economic value can be found above olivine in terms of when they
are formed this is also why only ultrabasic bodies can be used for cumulate deposit mining
\ as the others dont contain the whole series.

e In conclusion the Bowens reactivity series plays a vital role in the formation of cumulate
mineral deposits as it is the basis of their formation however as ussed in part a there are
many other types of mineral ore forming metholds that the Bowens series plays no role in.



Sticky Note

Candidate is aware of Bowen's Reaction Series



Sticky Note

Candidate is aware of the role played by Bowen's Series in forming ores



Sticky Note

Evaluation is very basic with a lack of specific details or judgments.  It is this that limits this candidates mark significantly. This answer was awarded 4 marks. 










b)

Ore minerals are minerals which can have metals extracted from them through a number of
processes, they will normally form subsurface through igneous processes, one of the key features of
any igenous process is what temperature minerals will form at, the graph to show this is called the
bowens reacivitvy series. \d

The bowens reactivity series is a graph which shows which minerals form at a certain temperature.
This will be significant in the formation of ore minerals as the minerals will all form at different
temperatures and so it will create bands of different minerals, some of which will be ore minerals@
The series is formed because some minerals have a solidus and melting point alot higher than

others. This formation of such minerals will cause them to be denser than a melt and so will sink
towards the botom of said melt to form a layer that is rich in purely one mineral. This will also

change the compositon of the melt that these minerals would have formed from. This could be
benefical for the formation of ore minerals as they then have a higher ¢ e of forming a pure
mineral instead of mixed in with other minerals to form a igenous rock.’@

®l



Sticky Note

Candidate is aware of the basis of Bowen's Reaction Series



Sticky Note

Candidate is aware of the ore forming processes that Bowen's Series can contribute to.



Sticky Note

The candidate has begun to evaluate the significance of the process.



Sticky Note

The answer as a whole would benefit from more detailed explanation of the process and a more considered approach to the evaluation to show how other processes are not affected by Bowen's series.  This answer was awarded 6 marks. 










SECTION B
Answer one question only.

Write your answer in the remaining pages of this booklet.

“Economically viable hydrocarbon resources can only be located using geophysical prospecting

techniques.”
Evaluate this statement. [25]
(@) Explain how igneous processes can form economically valuable mineral resources.
(b) Evaluate the significance of Bowen’s Reaction Series in forming ore minerals. [25]
(@) Describe the processes of formation of:
1. china clay
and
2. fluorite or barite (baryte)
(b) Evaluate the application and limitations of prospecting using mapping and satellite remote

sensing techniques. [25]

© WJEC CBAC Ltd. (1215-02)



























































