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Numbers 

 
Standard form 
 
In geology we often encounter both very large and very small numbers e.g. the age of the Earth and the 
diameter of a clay mineral. It is impractical to write the age of the Earth as 454 000 000 000 years old or the 
diameter of a clay mineral as 0.0 00039 m, so standard form is used instead. This is the conventional way of 
writing both large and small numbers and has the additional advantage of simplifying calculations by enabling 
the use of the index laws. 
 
To convert large numbers to standard index form, count the zeros in the number. This gives the value of the 
index of 10. Then make any adjustment required so that the number in front lies between 1 and 10. 
 
e.g. 4 540 000 000 years is 454 followed by 7 zeros = 454 × 107 = 4.54 × 109 years 
 
To convert small numbers to standard index form, count the zeros in the number, including the zero before the 
decimal point. This gives the value of the index of 10, which will be negative if the number is less than one. The 
digits in front of the index should be written to lie between 1 and 10. 
 
e.g. 0.00000391 m is 6 zeros followed by 391 = 3.91 × 10–6 m 
 
A simple way of doing this: 

1 x 103
  the 3 tells you to make the decimal point jump 3 places to the right.  Then fill up the gaps with 0. 

 
1 x 10-3 the -3 tells you to make the decimal point jump 3 places to the left.  Fill up any gaps with 0. 
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Exercise 1 

Each of these objects has been measured in metres.  Change from standard form for: 

Frog egg 1 x 10-3
 

Bacteria 1 x  10-6 

Flu virus  1 x 10-7 
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Exercise 2

 

 
 
 
Significant figures 
 
Numbers are often rounded to avoid reporting insignificant figures. For example, it would create false precision 
to express a measurement as 12.34500 kg (which has seven significant figures) if the scales only measured to 
the nearest gram and gave a reading of 12.345 kg (which has five significant figures). 
 
Significant figures start at the first non-zero number, so ignore the zeros at the front, but not the ones in 
between. 
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Look at the following examples: 
 

                    
 
 

                           
 
 
Exercise 3 
 
How many significant figures in these numbers: 
 

0.046 
 

4006 
 

7.90 
 
Round 46.603 to 2 significant figures. 
 
Round 0.04518 to 3 significant figures. 
 
Orders of magnitude 
 
Orders of magnitude can be determined easily when a number is written in standard form.  For example, 237 
(2.37 × 102) and 823 (8.23 × 102) both have an order of magnitude of 2. 
 
A scanning electron microscope may produce a magnification of up to  40 000 (4 × 104) whereas a typical 
optical laboratory microscope may produce a magnification of just 40 (4 × 101).  A scanning electron 
microscope therefore produces an image 4 orders of magnitude bigger than the object and 3 orders of 
magnitude bigger than an optical microscope. 
​  
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Exercise 4 
 

 
 
 
Mark scheme 

 
 
Uncertainties in measurements 
 
When working with a single reading it is recommended that the uncertainty is taken to be ± the smallest 
measuring division which of course depends on the scale of the measuring instrument. Suggestions for 
everyday measuring instruments ±1 mm for a metre rule, ±1g for a balance, ± 1 oC for a laboratory 
thermometer and ± 1 cm3 for a typical measuring cylinder but professional judgement is important. 
 
Occasionally the uncertainty in a single value may be provided e.g. the absolute age of a particular rock unit 
e.g. the radiocarbon 14C age of 11 750 ± 120 year B.P. for an organic lake sediment. 
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Percentage uncertainty is a measure of the uncertainty of a measurement compared to the size of the 
measurement, expressed as a percentage. The calculation is derived by dividing the uncertainty of the 
experiment into the total value of the measurement and multiplying it by 100.  
 
The percentage uncertainty in the radiocarbon 14C age of 11 750 ± 120 year B.P. for an organic lake sediment 
is therefore: 
 
 ​ % uncertainty p = ​  120    x 100  = 1.0% 
​ ​ ​ ​ 11750 
 
In geology, it is of course best practice to undertake repeat measurements whenever possible. Suppose the 
value of a quantity x is measured several times and a series of different values obtained: x1, x2, x3........xn.  
 
Unless there is reason to suspect that one of the results is anomalous, the best thing to do is to calculate the 
mean of these values.  The uncertainty is calculated by taking the range and dividing it by 2. 
 
For example, the following results were obtained for the thickness of a sedimentary bed; 

4.5 cm, 4.8 cm, 4.6 cm, 5.1 cm, 5.0 cm.  
 
The mean is: 
 ​ (4.5 + 4.8 + 4.6 +5.1+5.0) / 5 = 4.8 cm 
 
The uncertainty, u, is given by:  

(5.1- 4.5) / 2 = 0.3 cm 
 
The final answer and uncertainty should be quoted, with units, to the same no. of decimal 
places, i.e.  

Mean bed thickness = 4.8 ± 0.3 cm.  
 
The percentage uncertainty in the mean bed thickness is therefore  

(0.3 / 4.8) x100 = 6.3%. 
 
Exercise 5 
The dip was measured across an area and the results are shown below:  30o  32o  35o  35o  40o  42o 
 
(a)  What is the uncertainty on the measurement for 42o ? 
 
(b)  What is the mean dip value?  (Quote this to a sensible value) 
 
(c)   What is the range? 
 
(d)  Calculate the uncertainty. 
 
(e)  Calculate the percentage uncertainty. 
 
(f)  Present your answer for the mean dip in the most appropriate way.  
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Shapes 

 
Areas and volumes 
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Trigonometry 
 

 
 
Exercise 6 

 
If the outcrop width is 50m and the dip is 30o what is the true thickness? 
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Statistics and analysis 
 
Sampling 
Sampling should be used to collect reliable data. There 
are three main types of sampling: random, systematic 
and stratified. 
 
In random sampling every item has an equal chance of 
being selected. For many studies this is the most 
desirable approach as there is no bias. The most 
common way of random sampling is to use a random 
number table or generator.  
 
In systematic sampling there is some structure or 
underlying order to the way in which the data is selected.  
 
With stratified sampling the population is purposely split 
into separate groups/layers (strata). Then each group is 
further analysed by random or systematic sampling. 
 
 
 
Exercise 7 
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Data analysis - frequency tables 
 
When you collect data you need a method of analysis.  Here is a set of results of testing the strength of a 
particular bed of rock.  The results have been obtained by a sampling method. 
 

 
The first step is to group the data into classes, to make a frequency table - you can do this by using a tally chart. 
 
Exercise 8 
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Data analysis - histograms 
 
The next step is to use a suitable graph - for example a histogram: 
 
Exercise 9 
Draw a histogram for your frequency table. 

 

 
Beware of histograms - the area of the bar is proportional to the frequency, so you could draw this histogram 
like this: 
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Data analysis - cumulative frequency curves 
 
Graphs are often used in the analyses of sediment grain sizes.  A sieve stack is used to separate the grain sizes 
into different sized fractions.  Each fraction is then weighed. 
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Exercise 10 
Draw a cumulative frequency curve for the results of the sediment analysis above. 

 

Exercise 11 
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Describing the distribution of your data - averages: 
 
Mean: To find the mean, add up the values in the data set and then divide by the number of values that were 
added. 
 
Mode: The mode of a sample is the most frequently occurring value. When data is grouped into classes, the 
modal class is the class containing the greatest number of values.  It is possible to have two modes (bimodal). 
In the example the histogram clearly shows the data is unimodal with the modal class being 35-37 and the 
mode as 36. 
 
Median: The median of a sample is the value that evenly splits the number of observations into a lower half of 
smaller observations and an upper half of larger measurements. 
 
Extreme values: The extreme values are the maximum and minimum values in the sample.  In the example the 
minimum value is 29 and the maximum value is 49, hence the range is 49 – 29 = 20. 
 
Describing the distribution of your data - quartiles 
 
Quartiles (including the interquartile range): Split the data into 4 equal-sized groups.  In the example, the 
boundaries between the quartiles are: 34, 36 and 39 - shaded in the table below:  
 

 
Interquartile range (IQR): The interquartile range is the difference between the upper and lower quartiles 
thereby giving a measure of the central spread of the data. A practical rule of thumb is to regard any value 
deviating more than 1.5 times the IQR from the median as a mild outlier and any value deviating more than 3 
times the IQR from the median as an extreme outlier. Outliers are values so markedly different from the rest of 
the sample that they raise the suspicion that they may be from a different population or may be in error but it 
is notoriously difficult to show that the values are anomalous. 
 
In the example above the IQR is 39 – 34 = 5.  
The mild outlier boundaries are = median ± 1.5 IQR = 36 ± 1.5(5) = 29 and 44. 
Therefore only two values (sample 15 and 50) may be considered as mild outliers with sample number 50 
being the most extreme. 
 
In comparison to variance/standard deviation (discussed below) the IQR is a more robust method for analysing 
the central spread of the measurements but, unlike variance/standard deviation, is insensitive to the lower and 

​  
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upper tails. Generally speaking if the median is thought to be the best way in which to describe the data 
average then the IQR is used as the measure of spread. Conversely if the mean is believed to be the best way 
in which to describe the data average then the standard deviation is utilised. 
 
Exercise 12 
 
The diameter of the pebbles in a conglomerate are measured and the results are shown below: 
 

Pebble number Diameter (mm) 

1 7 

2 13 

3 5 

4 8 

5 15 

6 3 

7 9 

 
Calculate the range. 
 
 
 
Exercise 13 
 
There are problems using the range - it doesn’t take account of outliers. 
 
1, 1, 3, 12, 2, 4, 5, 2, 1, 1, 6, 3, 4 
 
Work out the range for these data. 
 
Now work out the range by leaving out the outlier. 
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Exercise 14 
 

Pebble number Diameter (mm) 

1 7 

2 13 

3 5 

4 8 

5 15 

6 3 

7 9 

 
Write out the numbers in order of size. 
 
Find the median. 
 
 
Exercise 15 
 
A different way to determine the median is to use (n+ 1) / 2 where n is the number of numbers. 
Find the median in this way. 
 
 
Exercise 16 
 
Another way to describe the spread of the data is to use quartiles and the interquartile range. 

1, 3, 4, 6, 9, 14, 15, 17, 18, 22, 600 

 
Find the lower quartile using  (n+1) / 4 
 
 
Exercise 17 

1, 3, 4, 6, 9, 14, 15, 17, 18, 22, 600 

 
Find the upper quartile using  3x (n+1) / 4 
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Exercise 18 
 
Use your answers to exercise 16 & 17 to find the interquartile range. 
 
 
The box and whisker plot can be used to show all of the information we have worked out. 
 

 
 
Exercise 19 
 
Use the scale below to draw the box and whisker plot for your answers to the previous exercises. 
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Exercise 20 
 
From the box and whisker plot below, determine the 
 
(a) median 
 
(b) upper quartile value 
 
(c) lower quartile value 
 
(d) interquartile range 
 
 
 
 
 
 
Describing the distribution of your data - further techniques 
 
Variance: The sample variance, s2, is another method used to calculate how varied or spread out from the 
mean a sample is. Sample variance is mathematically defined as the average of the squared differences from 
the mean. To calculate variance, it is useful to break the calculation down into steps: 

Step 1: Calculate the mean (previously discussed). 
Step 2: Subtract the mean from each of the values and square the result. 
Step 3: Divide by n – 1 

 

 
 
Let’s calculate the variance of the following data set: 2, 7, 3, 12, 9. 

The first step is to calculate the mean. The sum is 33 and there are 5 data points. Therefore, the mean is 33 ÷ 5 
= 6.6.  

Then you take each value in the data set, subtract the mean and square the difference. For instance, for the 
first value: 

(2 - 6.6)2  = 21.16 
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The squared differences for all values are added: 

21.16 + 0.16 + 12.96 + 29.16 + 5.76 = 69.20 

The sum is then divided by the number of data points - 1: 

69.20 ÷ 4 = 17.3 

The variance is 17.3 

Statisticians use variance to see how individual numbers relate to each other within a data set, rather than 
using broader mathematical techniques such as arranging numbers into quartiles. The advantage of variance is 
that it treats all deviations from the mean as the same regardless of their direction. 
 
One drawback to variance, though, is that it gives added weight to outliers. 
 
Exercise 21 
 
Calculate the variance for these results: 
 

Pebble number Diameter (mm) 

1 7 

2 13 

3 5 

4 8 

5 15 

6 3 

7 9 

 
(a) Calculate the mean 
 
(b) For each pebble, take away the mean and then square the result. 
 

Pebble number Diameter (mm)       _ 
xi - x 

      _ 
(xi- x)2 

1 7   

2 13   

3 5   
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4 8   

5 15   

6 3   

7 9   

 
(c) Work out the sum of these squared values. 
 
(d) Use your answers in the following equation to calculate the variance. 

 
 
Standard deviation: The standard deviation is the positive square root of the variance. 
 

 
 
Exercise 22 
 
Using your answer for exercise 21, calculate the standard deviation. 
 
 
 
Standard deviation gives us a measure of how clustered the data are around the mean. A smaller value of 
standard deviation indicates that the data is tightly clustered around the mean and vice-versa (see below). 
 

​  



A Level 2022  Maths for geology AS and A level​ ​ Page  25 

 

 
Observing the shape of these two curves shows that they are symmetrical about the centre.  This type of curve 
is called a bell curve and shows that the data is normally distributed about the centre – the mean. In such a 
normal distribution the mean, mode and median are equal and exactly half the values are to the left of the 
centre and half the values are to the right. In the standard normal model about 68% of the data falls within 
one standard deviation of the mean, about 95% of the data falls within two standard deviations of the mean 
and just over 99% of the data falls within three standard deviations of the mean. 
 
If the graph is not the perfect symmetrical bell shaped curve, you should be able to describe the skewness. 
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Exercise 23 
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Data analysis - statistical tests 
 
1. Spearman’s Rank 
 
This is a technique which can be used to test the strength and direction (negative or positive) of a linear 
relationship between samples of two variables. The result will always be between 1 and minus 1. This is a test 
that needs at least ten pairs of data. 
 
For example a geologist wants to test the idea that the length of a fault is related to the size of the earthquake. 
First we have to create a null hypothesis (Ho) to test:  There is no relationship between the length of the fault 
and the magnitude of the earthquake.  
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Exercise 24 
 
Step 1 - work out the ranks for both the fault lengths and the magnitude. 
Step 2 - work out the differences in the ranks. 
Step 3 - square the differences. 
Step 4 - calculate the total of the differences. 
Step 5 - use the result and the equation below to calculate the Spearman’s rank coefficient rs. 

 
The result you get tells you about the relationship between the two variables.  A positive number tells you 
there is a positive correlation, a negative value indicates a negative correlation.   The closer the value is to 1, 
the stronger the relationship. 
 
You now have to determine the significance of the correlation.  You do this using a confidence interval table. 
 

 
 
Exercise 25 
 
Work out the number of degrees of freedom (samples size -2). 
Find the Spearman’s rank coefficient you calculated in exercise 24 - is it higher than the 5% line? 
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If the value is BELOW the line, you cannot reject the null hypothesis.  In this case, the value is 0.59 which is 
below the 5% confidence level, so we cannot reject the null hypothesis. 
 
 
Exercise 26 
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2. Chi Squared Test 
 
The chi-squared test is the most efficient test available to analyse numerical (quantitative) data. This test can 
only be used on data which has the following characteristics:  
i) The data must be in the form of frequencies counted in a number of groups (% cannot be used).  
ii) The total number of observations must be > 20.  
iii) The observations must be independent (i.e. one observation must not influence another).  
iv) The expected frequency in any one category must not normally be < 5. It may be necessary therefore to 
combine groups.  
 
A geologist was investigating the composition of the clasts in 2 beds of conglomerate.  Their null hypothesis 
(Ho) was ‘there is no significant difference in the composition of clasts sampled in the two deposits’.   
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Exercise 27 
 
Calculate the row and column totals. 
 

 
 
The next step is to work out the expected values - these are the values you would get if there is no 
relationship.  You do this using this equation: 
 

 
Exercise 28 
 
Complete the table below: 
 

 
 
The value of chi squared is calculated using this formula: 
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Exercise 29 
 
Calculate the value for chi squared. 
 
To reject the null hypothesis, the value for chi squared must be above the value for 95%. 
The number of degrees of freedom is (number of rows - 1) x (number of columns -1)  
 

 
 
Exercise 30 
 
Calculate the number of degrees of freedom. 
 
The value for chi squared was 7.3.  This is less than the critical value for 95% which is 9.49, so we CANNOT 
reject the null hypothesis. 
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Exercise 31 
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3.  Mann-Whitney U-test 
 
The Mann-Whitney U-test is another test which is used to 
analyse the difference between two samples of independent 
data: more specifically the medians of the two datasets. The 
data should be quantitative and there should be >5 but ≤ 20 
pieces of data in each sample.  Additionally, there need not 
be the same number of observations in each sample. Like 
other statistical tests, the starting point is a null hypothesis 
of the form ‘Ho: there is no significant difference between 
the two samples’. 
 
A geologist is investigating the difference in roundess in two 
sets of pebbles, one set of pebbles are made of hard, 
igneous basalt and the other set are made of soft chalk.  
These are the results (the higher the number, the more 
rounded the pebble). 
 
Exercise 32 
 
Write a null hypothesis for this investigation. 
 
 
 
Exercise 33 
 
The total sample set is then ranked.  
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Exercise 34 
 
Calculate the totals for the two rank columns. 
 
For each set of data, calculate the value of U. 

 
 
Exercise 35 
 
Complete the calculation below (your answers should add up to 100): 
 

 
To complete the Mann-Whitney test, you need to use the lower U value.  In this case it is Ub.  So take this value 
of 29.5 and compare it to the critical values table - use the bold values in the table.  This table is for 95% 
confidence. 
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Exercise 36 
 
Is the calculated value, 29.5 higher than the critical value? 
Should the null hypothesis be rejected? 
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Exercise 37 
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Stereonets 
 
An appropriate way to present data that involve both direction (azimuth) and dip plotted on the same diagram, 
e.g. variation in dip angle and direction of a bedding surface, fractures or aligned fragments in a superficial 
deposit, is to use a polar equal ‘stereonet’. Similar to a rose diagram, this involves a simplified ‘stereonet’ 
showing polar plots only and not projections or great circles. 
 
Data is collected on both dip angle and direction of dip in the field or from a secondary source (e.g. geological 
map). The dip angle is plotted as a point from the centre of the graph in the direction of dip (azimuth) 
according to the radial scale (zero – 90 degrees). It gives a visual display of trends and amounts but has a 
drawback for folded strata. If this method is used to plot dip directions on either side of a fold or series of 
folds, the type of fold (antiform or synform) will not be obvious. Although the dip directions of the limbs are 
shown, there is no indication as to whether the limbs are dipping towards or away from each other unless 
further annotation is given. An approximation of the orientation of the fold axis can be determined and plotted 
by eye or calculated from field measurements. 

 
Exercise 
 
Label the radial lines on the stereonet with azimuths / bearings. 
Label the concentric lines with angles up to 90o . 
 
Exercise  
 
Plot the following dip measurements onto the stereonet as points: 
A - Dip 45o, dip direction 030o 

B - Dip 60o, dip direction 015o 

C- Dip 50o, dip direction 130o  
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Exercise 
 
What do these stereonets represent? 
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Numeracy skills - checklist 
 

Skill area Booklet Website Tick 

Converting numbers to and from standard 
form 

y   

Standard form calculations y   

Significant figures y   

Percentage uncertainty y   

Sampling methods y y  

Frequency tables y   

Histograms y y  

Cumulative frequency curves y y  

Mean, median, mode, range y   

Interquartile range y   

Variance y   

Standard deviation y   

Spearman’s rank analysis y y  

Chi squared test y y  

Mann-Whitney U test y y  

Rose diagrams  y  

Stereonets    

Triangular diagrams  y  

Straight lines of best fit y=mx+c    
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