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ADDITIONAL MATERIALS

In addition to this examination paper you will need:

•  a calculator

•  a ruler.

INSTRUCTIONS TO CANDIDATES

Use black ink, black ball-point pen or your usual method. 
You may use a pencil for graphs and diagrams only.

Write your name, centre number and candidate number in 
the spaces on the previous page.

Answer ALL questions.

Write your answers in the spaces provided in this 
booklet. If you run out of space, use the additional 
page(s) at the back of the booklet, taking care to number 
the question(s) correctly.

INFORMATION FOR CANDIDATES

The number of marks is given in brackets at the end of 
each question or part-question.

The assessment of the quality of extended response 
(QER) will take place in questions 3 and 4.
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Answer ALL questions in the spaces provided.

1 FIGURE 1a opposite is a simplifi ed diagram of the  
 rock cycle. 

(a) Using your knowledge, state the external and internal  
 energy sources that drive Earth’s rock cycle 
 processes. [2 marks] 

 External energy source  
  

                            
 
 Internal energy source  

                         

(b) Refer to FIGURE 1a. 

(i) Identify the position of the rock cycle processes 
 listed in TABLE 1 by inserting each letter once into  
 an appropriate blank box on FIGURE 1a.    [3 marks]

                                         TABLE 1

Rock cycle process Letter 

uplift U 

lithifi cation L 

partial melting P
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1 (b) (ii) Describe and explain the most likely diff erences  
  in maturity of the sediments deposited at 
  locations A and B on FIGURE 1a.     [4 marks]
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1 (c) FIGURE 1b opposite is a photograph of a 
  metamorphic rock formed at one of the two 
  locations where metamorphic rocks can form as  
  shown on FIGURE 1a. 

  Refer to FIGURE 1a and FIGURE 1b. 

(i) Describe the evidence from FIGURE 1b that 
 supports the interpretation that this rock is 
 metamorphic in origin.    [2 marks]
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1 (c) (ii) A student stated that ‘the rock in FIGURE 1b was  
  formed at METAMORPHIC ROCK LOCATION 2  
  rather than METAMORPHIC ROCK LOCATION 1  
  on FIGURE 1a’. Evaluate the student’s statement. 

[2 marks]
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1 (d) FIGURE 1c opposite shows how the geotherm  
  and the temperature at which rocks begin to melt  
  vary with depth in the Earth. 

  Refer to FIGURE 1c. 

(i) State the depths between which the rate of 
 temperature change in the Earth is the greatest. 
 State the evidence for your answer.    [2 marks]
  

 Depths:            

                   
 
 

 Evidence:            

              

              

                       



8

(Turn over)

1 (d) (ii) Mark in BOX Y on FIGURE 1c with labelled 
  arrows:

 • the top of the outer core ( T) 

 • the base of the outer core ( B). 

  Explain your answer with reference to the 
  information on FIGURE 1c.    [3 marks]
 

              

              

                       

              

              

                       

 
 18
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2 FIGURE 2a opposite is a graph (the Hjulström graph)  
 showing the water velocity required to erode, 
 transport and deposit quartz grains of various sizes. 

(a) Refer to FIGURE 2a.

(i) Complete TABLE 2 to state the minimum velocity 
 required to erode and transport a quartz grain with a  
 diameter of 0.1 mm.    [2 marks]

                                      TABLE 2

(ii) Explain why there is a diff erence between the two 
 values in TABLE 2.    [2 marks]
 

              

              

                       

              

              
 

minimum velocity 
required to erode a 
quartz grain with a 
diameter of 0.1 mm

•           cm s−1 

minimum velocity 
required to transport 
a quartz grain with a 
diameter of 0.1 mm

•           cm s−1 



10

(Turn over)

2 (a) (iii)   Draw and label lines on FIGURE 2a to show: 
[2 marks]

 • an erosion velocity curve for grains with a 
  density greater than quartz. 
  Label the line with an arrow (E)

 • a settling velocity curve for grains with a density  
  greater than quartz. 
  Label the line with an arrow (S)

(b) FIGURE 2b opposite shows how the mean settling  
 velocity for clays (diameter<0.004 mm) varies with   
 water salinity in a modern-day estuary in Portugal.

(i) Use FIGURE 2b to describe the relationship between  
 the mean settling velocity for clays and water salinity  
 in the estuary.      [2 marks]
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2 (b) (ii) Refer to FIGURE 2b. Explain the relationship 
  between the mean settling velocity for clays and  
  water salinity.   [4 marks]
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3 FIGURE 3a opposite is a photograph of the trilobite  
 Olenellus from the early Cambrian. FIGURE 3b 
 opposite is a photograph of the fossil Spriggina   
 from the Ediacaran fauna of late Precambrian age.

(a) Refer to FIGURE 3a.

(i) State the name of the hard parts labelled A and B on  
 the trilobite Olenellus.    [2 marks]

 A              

                         
 
  

 B              
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3 (a) (ii) A student stated that ‘Olenellus had a pelagic  
  mode of life’. Evaluate this statement. [3 marks]
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3 (b)   Refer to FIGURE 3a and FIGURE 3b.

    Describe the morphological similarities between 
    Olenellus and Spriggina that may indicate that  
    these fossil groups are related.      [3 marks]
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3 (c) FIGURE 3c opposite shows changes in faunal 
  diversity during the late Precambrian and 
  Cambrian and some possible causes of these   
  changes in faunal diversity.

  Refer to FIGURE 3c. Explain what is meant by  
  the term ‘Cambrian Explosion’.      [2 marks]
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3  (d) Refer to FIGURE 3c. Describe and explain how

 • changes in atmospheric oxygen content

 • changes in the rate of chemical weathering

 • major glaciations and meteorite impacts
 
 since 630 Ma may have led to the ‘Cambrian 
 Explosion’.      [6 QER]
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4 FIGURE 4 opposite is a geological map.

 Refer to FIGURE 4.

(a) State the type of igneous body (pluton, dyke, sill, 
 lava fl ow) represented by igneous body K. Give TWO  
 pieces of evidence to support your answer.  
                                                                                   [3 marks]
  
 Type of igneous body  

 1.                  

                                                            

                      

                 

 2.                   
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4 (b) Describe the geological history of the area 
  represented on FIGURE 4. Write your answer in  
  full sentences in age order.    [6 QER]
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4 (c) Igneous body K can be radiometrically dated 

  at LOCATION 2 using the 147Sm-143Nd method, 

  using the equation opposite: 

       
  (i)  The value of        in an augite crystal sampled at 

  LOCATION 2 is 3.56 × 10−3.

  Calculate the age in Ma of igneous body K at 
  LOCATION 2 to show that this radiometric age is  
  younger than the radiometric age shown for   
  LOCATION 1 on FIGURE 4. Show your working  
  and give your answer to the correct number of  
  signifi cant fi gures.     [3 marks]

           Ma

N
d

N
p
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4 (c) (ii) Refer to FIGURE 4. Explain the most likely 
  reason why the radiometric age of igneous   
  body K is younger at LOCATION 2 than at 
  LOCATION 1.    [3 marks]
 

                            

                      

                  

              

                            

                      

                            

                      

                                    

15
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5 FIGURE 5a opposite shows details of the plate 
 tectonic setting of the Aleutian Islands in the Pacifi c  
 Ocean. 

 Refer to FIGURE 5a.

(a) State TWO pieces of evidence, from FIGURE 5a only,  
 for a convergent plate boundary in the area of the   
 Aleutian Islands.     [2 marks]
  

 1.                  

                           

                  

                                
 
 

 2.                   
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5 (b) (i) Describe the variation in the speed of the Pacifi c  
  Plate.    [2 marks]
 

                           

                  

                                

                           

                  

                                
  
 
 
(ii) With reference to the age of the Pacifi c Plate, suggest  
 a possible reason for the variation in the speed of the  
 Pacifi c Plate.    [2 marks]
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FIGURE 5b opposite is a cross-section along the line X–Y 
on FIGURE 5a. It shows the distribution of earthquake 
foci of magnitude 2.5 or greater recorded over a 
three-month period across the plate boundary.

Refer to FIGURE 5a and FIGURE 5b.

(c) (i) Draw and label on FIGURE 5b a line to show the  
  probable position of the top of the subducted 
  Pacifi c oceanic plate.      [2 marks]
 

(ii)  In this area, magma is believed to start to form at  
  depths of 70 km by the partial melting of the 
  mantle in the overriding North American plate. 

 • Label on FIGURE 5b with an arrow (M) the   
  location where magma starts to form.

 • Label on FIGURE 5b with an arrow (V) the 
  location where a volcano formed from this 
  magma may be found.       [2 marks]
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5 (c) (iii)    Refer to FIGURE 5a. Explain how and why the  
     composition of lavas erupted in the eastern and  
     western part of the Aleutian Islands may be 
     expected to diff er.      [3 marks]
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5 (d) Suggest why there is a lack of earthquake foci  
  with a depth greater than 33 km in the area   
  around Z on FIGURE 5a.    [2 marks]
 

                           

                  

                                

                           

                     
 
 

15



30

(Turn over)

6 FIGURE 6a opposite shows the present-day 
 distribution of coral reefs.

(a) Refer to FIGURE 6a.

(i) Describe the present-day distribution of coral reefs. 
[3 marks]
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6 (a) (ii)   Coral reef limestones are found in rocks of 
     Silurian age in the UK. 

     A student stated that ‘these Silurian rocks were  
           deposited in the same conditions as 
     present-day coral reefs’. Evaluate the student’s  
           statement.     [2 marks]
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6 (b) FIGURE 6b opposite shows the oxygen isotope  

  ratios (18O:16O) obtained from analysing the 

  calcium carbonate (CaCO
3
) skeletons of recent

  coral reefs at location A on FIGURE 6a. 

(i) Explain how corals can preserve the oxygen isotope  
 record of ancient seawater.     [2 marks]
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6 (b) (ii)   Use FIGURE 6b to complete TABLE 3 to show 

    the oxygen isotope ratio values (18O:16O) 

    preserved in the corals in the years 

    1800 and 1990.       [2 marks]

                                      TABLE 3

 
 

Year oxygen isotope ratio  18O: 16O

1800 •

1990 •
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6 (b) (iii)    A decrease of 0.18 in the oxygen isotope ratio  

     values (18O:16O) preserved in corals is 

     equivalent to a 1 oC increase in seawater 
     temperature. Use your values in TABLE 3 to  
     calculate the increase in seawater temperature  
           at location A between the years 1800 and 1990.  
     Show your working.      [2 marks]

       oC
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6 (c) FIGURE 6c opposite is a model to explain why  

  oxygen isotope ratios (18O:16O) obtained from  
  coral skeletons vary according to seawater 
  temperature.

  Refer to FIGURE 6c. Explain why oxygen isotope  

  ratios (18O:16O) obtained from coral skeletons  
  vary according to seawater temperature.   

[3 marks]
 

                           

                  

                                

                           

                               

                           

                  

                                

                           
 
 
 

END OF PAPER
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