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All Candidates' performance across questions

Question Title N Mean S D Max Mark F F Attempt %
1 528 8.9 2.6 15 59.5 100
2 230 16 4 25 63.8 43.6
3 211 15.9 4.3 25 63.5 40
4 86 15.8 5.1 25 63.4 16.3
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Sticky Note
Usually the question number

Sticky Note
The number of candidates attempting that question

Sticky Note
The mean score is calculated by adding up the individual candidate scores and dividing by the total number of candidates. If all candidates perform well on a particular item, the mean score will be close to the maximum mark. Conversely, if candidates as a whole perform poorly on the item there will be a large difference between the mean score and the maximum mark. A simple comparison of the mean marks will identify those items that contribute significantly to the overall performance of the candidates.However, because the maximum mark may not be the same for each item, a comparison of the means provides only a partial indication of candidate performance. Equal means does not necessarily imply equal performance. For questions with different maximum marks, the facility factor should be used to compare performance.

Sticky Note
The standard deviation measures the spread of the data about the mean score. The larger the standard deviation is, the more dispersed (or less consistent) the candidate performances are for that item. An increase in the standard deviation points to increased diversity amongst candidates, or to a more discriminating paper, as the marks are more dispersed about the centre. By contrast a decrease in the standard deviation would suggest more homogeneity amongst the candidates, or a less discriminating paper, as candidate marks are more clustered about the centre.

Sticky Note
This is the maximum mark for a particular question

Sticky Note
The facility factor for an item expresses the mean mark as a percentage of the maximum mark (Max. Mark) and is a measure of the accessibility of the item. If the mean mark obtained by candidates is close to the maximum mark, the facility factor will be close to 100 per cent and the item would be considered to be very accessible. If on the other hand the mean mark is low when compared with the maximum score, the facility factor will be small and the item considered less accessible to candidates.

Sticky Note
For each item the table shows the number (N) and percentage of candidates who attempted the question. When comparing items on this measure it is important to consider the order in which the items appear on the paper. If the total time available for a paper is limited, there is the possibility of some candidates running out of time. This may result in those items towards the end of the paper having a deflated figure on this measure. If the time allocated to the paper is not considered to be a significant factor, a low percentage may indicate issues of accessibility. Where candidates have a choice of question the statistics evidence candidate preferences, but will also be influenced by the teaching policy within centres.
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SECTION A


1. Figure 1a is a simplified geological map of the island of Sumatra in the east Indian Ocean. 
 Figure 1b is a cross section (X–Y) showing the distribution of earthquake foci across the 


Sumatran subduction zone.
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 (a) Describe the distribution of earthquake foci in Figure 1b. [3]


 


 


 


 


 


 (b) (i) Draw and label on Figure 1b a line to show the probable position of the top of the 
subducted Indian Oceanic Plate. [2]


 (ii) The Indian Oceanic Plate bends before it subducts. This may result in tensional 
forces at shallow depths in the plate. Label one earthquake focus (T →) on  
Figure 1b which may result from such a process. [1]


 (iii) Earthquakes at shallow depths can also be generated as rising magma intrudes 
into brittle rocks. Label one earthquake focus (M →) on Figure 1b which may result 
from such a process. [1]


 (c) The chain of islands stretching from Simeulue to Enggano on Figure 1a forms part of a 
modern day accretionary prism. Explain the evidence on Figure 1a to support this idea. 


 [2]
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Table 1


 (d) The Pre-Tertiary rocks of Sumatra can be divided into three main rock units (Table 1). 
These three units indicate that accretion has been occurring in the Sumatra region for 
more than 100 Ma. Explain the evidence in Table 1 which supports this idea. [6]


Pre-Tertiary Rock Unit Explanation of evidence


1. Altered peridotites, 
gabbros, dolerites and 
basalts (often pillowed)


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


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


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


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


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


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


2. Greywackes (turbidites) 
and fine-grained marine 
sediments


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


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


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


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


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


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


3. Andesite and basalt 
volcanics closely 
associated with reef 
limestones


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


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


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


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


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


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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SECTION B 
 
Question 2 
 
(a)  Describe how the rate and direction of seafloor spreading might be calculated  
 from 


 patterns of ocean magnetic anomalies 


 mantle plume (hotspot) data. 


(b)  Evaluate the effectiveness of these two methods in determining the rate and  
 direction of seafloor spreading. 


[25] 
 
 
 Rate =  distance / time (gradient of graphs = half-rate) 


Distance = distance from ridge axis or hotspot 
Direction = track of seamounts/ guyots; orthogonal to magnetic stripes/ ridge 
Time = age of sea-floor basalts or age of reversals (magnetostratigraphy) or island 
lavas 
Distance measured on maps produced by surveying / ships / satellites (GPS?) 
Time measured using radiometric dating (combination of relative and absolute e.g. 
microfossils) 
Highly effective techniques used to define the absolute velocity of plates and the 
hotspot reference frame but limited by accuracy 
 
Accuracy: precise location of ridge axis / not to metres but to within 1km 


 distance / location to where specimen was collected accurate / GPS 
 absolute age of specimen accurate to ± 2% (? depending on method) 
 time of reversal not instantaneous 
 magnetostratigraphy - relies on above 
 graphical method allows line of best fit to be employed giving average 


rate 
 
Spreading rates more accurate close to ridge. Edges of strips = reversals and 
accurate ages obtained from lavas on continents and islands. Plate boundaries may 
not be static. 
Evidence suggests hotspots may also not be fixed. 
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Sticky Note

Good background knowledge shown on the formation of magnetic stripes. Use of key terms; curie point and remnant magnetism always assists.



Sticky Note

Realisation that to calculate rates, a sense of absolute time is needed.







Sticky Note

Candidate addresses here the direction of plate motion- many candidates did not do this.



Sticky Note

With the use of a diagram and good text, there is absolutely no ambiguity here with the candidates answer.



Sticky Note

Although the origin of mantle plumes could be debated, the candidate uses sound geological terminology to explain the hotspot data.



Sticky Note

Key assumption clearly stated.







Sticky Note

Candidate clearly understands how the rate is calculated but it would be nice if they said speed = distance/time. This is given on page 10.



Sticky Note

This diagram clearly illustrates good understanding of direction which in words would be very difficult to express.



Sticky Note

Up to here the candidate has shown a good/ very good understanding but some further detail e.g. case studies would have enriched the essay.







Sticky Note

Some attempt to evaluate the relative merits of both methods is given here although the logic is debatable.







Sticky Note

Again an attempt to evaluate the effectiveness of the method, but a statement questioning either the presence of mantle plumes or whether they are stationary would have impressed greatly.



Sticky Note

A good/ very good essay with a hint of evaluation. 21/25.
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SECTION B


Answer one question only.


Write your answer in the remaining pages of this booklet.


2. (a) Describe how the rate and direction of seafloor spreading might be calculated from


 • patterns of ocean magnetic anomalies
 • mantle plume (hotspot) data.


 (b) Evaluate the effectiveness of these two methods in determining the rate and direction of 
seafloor spreading.


 [25]
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Question 3 
 
(a)  Describe the differences between oceanic and continental lithosphere in   
 terms of 


 composition 


 thickness 


 age. 


(b)  ‘Our knowledge of the composition of the continental lithosphere is limited’.  
 Evaluate this statement. 


[25] 
 


 
 Definitions : Base of  lithosphere = 1300°C isotherm 


Lithosphere = zone above asthenosphere 
Lithosphere = crust and upper mantle; solid; rigid 


 
Continental Oceanic 


range in thickness from about 40km to 
perhaps 200km 


typically 50-100 km (but at ridge is no 
thicker than crust) 


Andesitic-Granitic / int-silicic Basaltic / mafic 
Sedimentary, igneous and metamorphic 
rocks 


Layered / 1, 2 and 3 (sediments, 
pillows, dykes and gabbros) 


Older < 4.2Ga  
Tends to be older  in "middle" with 
vertical stratigraphy / Law of 
Superposition 


Younger < 200Ma 
Older away from ridge / horizontal 
stratigraphy 


 
Knowledge biased to surface outcrops and hence sedimentary rocks. Lower crust 
poorly constrained.  Need to rely on few deep boreholes (e.g. Kola superdeep 
borehole), geochemical experiments, geophysics e.g. gravity surveys. 
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Sticky Note

Uniform origin of oceanic lithosphere is noted.



Sticky Note

The key igneous layers of the oceanic lithosphere are given but the sedimentary layer is absent and only briefly mentioned below. No flair evident e.g Moho's, homogeneous gabbro.



Sticky Note

Good sound knowledge with once again no real flair evident.







Sticky Note

Rather simplistic.



Sticky Note

There is much scope for further development here to demonstrate the heterolithic nature of the continents.



Sticky Note

Thickness variations are addressed with oceanic material correctly identified as thinner but confusion is evident between crust and lithosphere.



Sticky Note

Quantified- a recommended approach.



Sticky Note

Nice to see further detail and some relevant examples.







Sticky Note

Jurassic or younger; 250Ma and younger would impress more here.



Sticky Note

A good answer too here with all areas covered in some depth and no deficiencies  in knowledge being evident.



Sticky Note

Some nice evaluative points here on the importance of seismic data and what it actually can tell us with good examples.



Sticky Note

Candidate shows evidence of realising that seismic data does not on its own give reliable predictions on composition.







Sticky Note

Candidate could have more of the point that thrust faulting may exhume the middle-lower crust. Indeed a discussion of cratons from part a) would have been equally welcome.



Sticky Note

More could be made here on predicting the protolith from magma composition or on the role of xenoliths.



Sticky Note

Again the correct idea that the data we have leads to high uncertainty regarding the nature of the lower and middle crust.



Sticky Note

Overall a good essay in terms of knowledge with the beginnings of an evaluation pushing this into the very good category.
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SECTION B


Answer one question only.


Write your answer in the remaining pages of this booklet.


  


  
  


  


 


3. (a) Describe the differences between oceanic and continental lithosphere in terms of


 • composition
 • thickness 
 • age.


 (b) “Our knowledge of the composition of the continental lithosphere is limited.”
  Evaluate this statement.
 [25]
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Question 4 
 
‘The strength of rocks and how they deform in the lithosphere is controlled solely by 
temperature’.  
 
Evaluate the validity of this statement. 


[25] 
 
 
 Strength 


Discussion of rock strength in terms of yield point (stress) and fracture point (stress) 
Temperature increases with depth (except in subduction zones) 
Geothermal gradient sketch graphs 
Lithosphere 1300°C isotherm and definition 
Increase in temperature lowers yield stress of rocks and rocks may not fracture 
Sketch stress-strain plots to illustrate this 
Definition of ductile/brittle/elastic/plastic  
Increased temperature raises brittle-ductile transition zone 
Rocks therefore weaker at depth if solely temperature plays a role 
 
Evaluation 
Role of increased (confining) pressure with depth increases rock strength 
Role of strain rate - slow strain rates make rock stronger 
Role of fluids - reduce rock strength (role of pressure solution and pore pressure 
counteracting confining pressure) 
Role of mineralogy/rock type quartz-feldspar-olivine increased strength through 
lithosphere 
Role of type of stress (rocks stronger in compression than tension) 
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Sticky Note

A good start with a mention of some of the other factors of importance.



Sticky Note

Valid graphs with correct use of terminology which many candidates confuse. However, to answer the question how do the scales on a) and b) compare?



Sticky Note

Already stated.







Sticky Note

Slight concern here- just in the mantle?



Sticky Note

This seems to counteract the previous opening sentences.







Sticky Note

A clear understanding of similar fold etc is evident and that lithology matters too.







Sticky Note

This is true but must be explicitly directed to the question i.e. how does stress type influence rock strength and the strain a rock suffers?



Sticky Note

Again this is true but digresses partly from the question- strain rate should be related to rock strength etc.







Sticky Note

Basically summarises what has already been said.



Sticky Note

The answer is direct and explicit and shows a good understanding of the essential factors on how rocks deform. However, despite this the response at no stage discusses what is meant by rock strength i.e yield stress or fracture stress and how this varies in the lithosphere. 18/25
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SECTION B


Answer one question only.


Write your answer in the remaining pages of this booklet.


  


  
  


   


 


  


  
   
  


  
  
 


4. “The strength of rocks and how they deform in the lithosphere is controlled solely by temperature.”
 Evaluate the validity of this statement. [25]
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Thematic Unit 4 – Geology of the Lithosphere 
 


SECTION A 
 
Question 1  
 
(a) uncommon to the west of the Sunda trench (1) 
 uncommon beneath Sumatra island (1) 
 concentrated in zone between Siberut Island and Sumatran fault (1) 
 virtually all above 100 km/shallow focus (1) 
 evidence of inclined plane (Wadati-Benioff zone) (1) 
 dipping to NE/towards Y (beneath Siberut island) (1) 
 associated with subducting slab (1) 
 
(b)  (i) intersection with trench (1) inclined line passing through or at top of Wadati-


Benioff zone (1) 
 
 (ii)  any of the four foci to the SW of the Sunda Trench; but check answers to 


part (i) and ecf with respect to intercept of line with ground surface (1) 
 
 (iii)  any of the seven foci ‘above’ the main Wadati-Benioff zone towards and 


below the island of Sumatra (1) 
 
(c)  located between the trench and volcanic arc/island of Sumatra; fore-arc (1) 
 same (NW–SE) trend as/parallel to subduction zone/trench/island of Sumatra (1) 
 elevated topography due to folding/thrust faulting/compression/subduction (1) 
 presence of recent/Tertiary sediments (1) 
 
(d) 


 
Award one mark for recognition that rock unit was emplaced from ocean onto land 
i.e. obduction/thrusting/folding/uplift. 


 Mark holistically with maximum of three marks per rock unit 
  


Pre-Tertiary Rock Unit Explanation of evidence 
1.  Altered peridotites, gabbros, 


dolerites and basalts (often 
pillowed)  


 


represents ophiolite sequence (1) 
pillow lavas extruded on sea floor (1) 
oceanic crust/lithosphere assemblage of rock 
types (1) 
relevant additional detail on peridotite, gabbros, 
dolerite formation (1) 
 


2.  Greywacke (turbidites) and fine-
grained marine sediments 


 
 
 
 


Turbidites are deep marine sediments (1) 
deposited on abyssal plain/continental rise/trench 
(1) 
fine-grained sediment explanation/ example (1) 
fine-grained sediment low energy deep marine 
environment (1) 
 


3.  Andesite and basalt volcanics 
closely associated with reef 
limestones  


Andesites/basalts = island arc/subduction zone 
(1) 
Basalts = seamount/guyot/volcanic islands (1) 
Reef limestones = shallow sea/marine (1) 
Atoll reefs flanking above islands (1) 
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Sticky Note

Although not exactly at the position of the trench BOD is give.



Sticky Note

Earthquake foci before the trench correctly identified.



Sticky Note

Earthquake foci above the main Beinioff-Wadati correctly identified.



Sticky Note

Inclined plane passing through the main cluster of earthquake foci correctly positioned.







Sticky Note

Mark awarded for geographic position of earthquake foci.



Sticky Note

Mark awarded for quantified depths of earthquake foci.



Sticky Note

Could be improved by giving direction i.e. to NE, but clear recognition of Benioff-Wadati zone.



Sticky Note

Candidate recognises here that the rocks are recent (i.e modern day) and are sedimentary having been scraped off subducting plate.



Sticky Note

Realisation here that the geometry of the islands is concordant to the main tectonic features of this plate boundary. 







Sticky Note

A generous mark available to students who realise that the rock sequence formed on the sea floor.



Sticky Note

Candidate has realised that the sequence is part of the oceanic plate. Mark given although poorly expressed.



Sticky Note

One mark awarded here for both sections 2 and 3 as neither warrants a mark on its own, but the candidate has an idea that the sediments formed in the ocean and were accreted onto land.
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