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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.










3. (a)

(b)

(@)

(b)

© WJEC CBAC Ltd.

Explain how igneous processes can form economically valuable mineral
resources.

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

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

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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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. 










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. @

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.

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

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

© WJEC CBAC Ltd. (1215-02)











































































































