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Table 2.1 The ages of buried sediments
in a dried-out lake bed if sediments accu-
mulated at a rate of 500 years for each
metre of sediment and if the lake dried

out 1 My ago ‘
Depth (m) Age (My)
0 1.00
20 1.01
40 1.02
60 1.03
80 1.04
100 1.05
1.06¢
1.04-
=
3 n
s 1.02
<
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| | | I J
0'980 20 40 60 80 100
Depth (m)

Figure 2.1 Graph of age versus depth data from Table 2.1.
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Figure 2.2 The. iptercept should always be given for a vertical axis which passes
through the origin of the horizontal axis. Any other vertical axis will give a different

value for the intercept.
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Straight line with
equation y=mx+c

Figure 2.5 The general form of the equation of a straight line, y = mx +c.

Table 2.4 The result of raising 3 to the
power of the integers between — 2and 2

n K
-2 1/9
-1 1/3
0 1
1 3
2 9

Figure 2.9 A smooth curve drawn through the points in Table 2.4. The dashed lines

indicate the point where n=0.5 giving a value for 3!/? of approximately 1.7 as well
as the point where n= —0.5.
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Number

1

1

Table 2.6 Ten raised to the power of the
integers between — 2 and 3

n 10"

-2 0.01
-1 0.1
0 1
1 10

2
3

100
1000

Table 2.7 Rewriting the data in Table 2.6
as a logarithmic table by swapping the
columns around

Number Logarithm
0.01 -2
0.1 -1
1 0
10 1
100 2
1000 3

Table 2.8 Number of faults of length greater
than or equal to a given size at a particular
outcrop location, e.g. there are 11 faults of
length 1 m or longer

Fault length (m) Number
0.001 10109
0.01 957
0.1 132
1 11
10 1
2 000
0 G)Ol:
8000
6000}~
4000
2000}
0 o1 | I | é
0 2 4 6 8 10
Fault length (m)

Figure 2.12 The result of plotting a graph of the data in Table 2.8,




Table 2.9 Result of taking logarithms of the columns in Table 2.8

Fault length (m) log(length) Number  log(number)
0.001 -3 10109 4.00
0.01 -2 957 298
0.1 -1 132 2.12
1 0 11 1.04

10 1 1 0

45+
o 4.0]-
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o 2 30+
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° § 201
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L ] [ i | | 1 3
30 -2 -20 -15 -10 -05 00 05 10
log (length)

Figure 2.13 Graph of the logarithmic data from Table 2.9.
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Table 2.10 The result of raising 6 to the power of
various integers and the resulting table of logarithms
obtained by swapping the columns around

n 6"
-2 1/62 = 1/36 = 0.0278
-1 1/6' = 1/6 =0.167
0 60 =
1 6'=6
2 62=136
Hence:
X loge(x)
0.0278 -2
0.167 -1
1 0
6 1

36 2




3.2 REARRANGING SIMPLE EQUATIONS

It is very obvious, but it is vitally important to appreciate, that an equation
is a mathematical statement in which two expressions equal one another.
Look again at the lake bed sediment example from Chapter 1:

Age =k x Depth. Ly

The left-hand expression is very simple, it contains ‘age’. The right-hand side
is also simple and is the product of k and ‘Depth’. The point is that the left- and
right-hand sides are stated to be equal and this is what makes (1.1) an
equation. The reason that I labour this point is that the golden and unbreak-
able rule when manipulating equations is that, whatever you do, the left- and

right-hand sides must remain equal to one another. This is simply achieved.
Whenever you manipulate one side of an equation, you must perform exactly
the same operation on the other side. Thus, if you add a constant to one side,
you must add the same constant to the other side as well; if you double one
side, you must double the other; and so on. For example, given equation (1.1),
the following expressions are also true:

Age +3=(k x Depth) + 3 (i.e. add 3 to both sides)
2 x Age =2k x Depth (i.e. double both sides)
JAge=./(k x Depth)  (i.e. square root both sides).

By combining suitable operations on the two sides of an equation, it is possible
to rearrange an equation into another form. As an example, suppose that
instead of an equation which tells us the age if we know the depth (i.e. equation
(1.1)) we actually need an equation which tells us the depth we would need to
dig to reach sediments of a specified age. How do we do this? We must
manipulate equation (1.1) to give a new equation which has ‘Depth =’ on the
left-hand side rather than ‘Age =". The problem is that ‘Depth’ only appears
in combination with ‘k’; it does not stand on its own. We must, somehow,
remove ‘k’. Now, if ‘k x Depth’ is divided by ‘k’ then we are left with ‘Depth’.
However, if we do this to the right-hand side of equation (1.1) we must also
do this to the left-hand side. This gives

Age/k = Depth
which can obviously be rewritten as
Depth = Age/k 3.1)

which is the expression that we wanted.

The above example is very simple and could probably have been done
almost automatically by many readers of this book. However, it is important
that you read very carefully through the logic of the above example.
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In many textbooks you will see a slightly different way of doing dimensional
analyses. In this approach, the dimensions of a unit are expressed in terms of
mass, length and time (abbreviated to M, L and T). For example, acceleration
has units of ms~2 which is a length divided by a time squared. Thus,
acceleration has dimensions LT =2, If this procedure is repeated for all items
in equation (3.13), the result is

Dimensions of p

Dimensions of 3 x Dimensions of g

Dimensions of 4 x Dimensions of G x Dimensions of 7 x Dimensions of r
LT™?

= = ML"3 4.43)
PM-iT?L

which balances since the dimensions of density are indeed mass divided by
length cubed. In practice, it does not much matter which of these two
approaches to dimensional analysis you use since they are entirely equivalent.
However, I prefer the first in most situations since it is easier when quantities
such as temperature are included and it also forces you to check that you have
used consistent units for all quantities in the equation.

Trigonometry 5

5.1 INTRODUCTION

Trigonometry is the study of triangles. Triangles rather than, say, squares or

hexagons because any other polygon (a closed shape with straight edges) can

be constructed by adding triangles together (Figure 5.1). Thus, if the properties
| of triangles are understood, any other polygon can also be dealt with.

Triangles are ideal for purposes such as mapping since there is a simple set

of rules relating the lengths of their sides to the size of their angles. Figure 5.2
" illustrates the quantities which define a given triangle. This triangle has three
~ sides of length a,b and ¢ and three angles of size «, § and y. Letters A, B and
C are used here to denote the vertices (i.e. corners) of the triangle. This gives
an alternate way of specifying angles. For example, angle a could be denoted

angle BAC, i.e. the angle formed between line BA and line AC.

hy

Snp- B




Statistics

7.1 INTRODUCTION

This chapter is a very brief introduction to the subject of geological statistics.
Statistics is probably the most intensively used branch of mathematics in the
earth sciences. For this reason, even an introduction to the subject fills an
entire book and there is a large number of such texts. I do not intend, therefore,
to cover this topic in the depth it deserves but to give an introduction which
I hope will help ease you into the subject and allow you to go on to other
texts with some idea of what to expect.

A major problem with statistics is that it is very easy to mislead. A good
example comes from the statisticians’ favourite subject, coin-tossing. If a coin
is tossed six times it is quite likely that there will be three heads. It is very
unlikely that six heads will occur. If I then went on to state that it is more
probable that the result will be HTHTHT than HHHHHH (where H
represents heads and T tails) I would be seriously misleading you. Both of
these events are equally unlikely! The reason that the most likely result is three
heads and three tails is that there is a large number of ways of doing this (e.g.
HHTHTT, HTHTTH and HHHTTT) whereas there is only one way to get
six heads (i.e. HHHHHH). Any particular combination of heads and tails is
as likely as any other. Other ways in which statistics can mislead are much
more subtle and even experts can, and do, make very serious errors. However,
do not let me put you off statistics! If you work carefully and thoughtfully
statistics can produce results that could not be obtained in any other way.

Question 7.1 Write down all possible results of tossing a coin three times.
Tabulate the results in terms of the number of different ways of obtaining 0
heads, 1 head, 2 heads or 3 heads

7.2 WHAT IS A STATISTIC?

1 have been writing up to now as if everybody knows exactly what a statistic
is. However, even this term is popularly misused. A statement such as ‘in 1970
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