






Teacher Sheet 3 

Unit 17: Cool It! : Liquid magma to solid rock 

If this experiment is done, students should be told to remove the thermometer whilst the salol is 
still molten. The same salol sample may then be used in Section 5 on Student Sheet 7. Ifthe 
equipment is available, the above experiment may be done as a demonstration using a micro­
computer and the relevant sensors and software. 
Answers to 2.1 to 2.3 are given on Student Sheet 3. 

Sections 3 and 4 need a double period. A laboratory is not essential so long as supplies of hot 
water are readily available, e.g. from a kettle or urn. 

3. Investigation 1: Factors affecting the rate of cooling of a liquid, 
without change of state. 

Where kinetic theory is being taught, students should be asked to write their results in terms of 
kinetic theory. 

3.1 Water is cheap, readily available, inert, easily heated and is a liquid at the temperatures 
required. 

3.2 Using water at the same starting temperatures means that any differences will be quickly 
spotted. Water at different starting temperatures could be used, as a trend would still show 
when a graph was plotted. However, suitable starting temperatures would need to be 
chosen. 

3.3 The same volume of water is used so that this factor does not influence the one under 
investigation, (viz, surface area). 

3.4 A single graph would make comparison easier, but more care needs to be taken in its 
presentation. 

3.5 The organisation could be improved by carrying out all the investigations at the same time, 
i.e. co-operation in team work. 

This investigation is best carried out in groups of 4, with each member being responsible for 
one set of apparatus. Each group will require the following equipment: 

3 250 cm3 beakers 
1 container for sand 
1 shallow wide container 
Student Sheet 4 

4 thermometers 
sand 
stop clock 

3.6 and 3.7 Plotting of the graph and conclusions could be done as a homework. 

4. Igneous rocks 

There is a glossary on Student Sheet 8 for those who are unfamiliar with the geological terms. 

4.1 The average temperature at a depth of 30 km would lie between 15 x 30 = 450 QC and 
20 x 30 = 600 QC. 
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4.2 Average temperatures such as these are not generally high enough for magma to form with­
out some additional heat source being available. 

Section 5 and 6 take a double period and a homework. 

5. Investigation 2: Rate of cooling and crystal size 

This will probably work best with 3 members in each group. Each group will require: 

1 boiling tube 
1 teat pipette 
3 glass slides with cover slips 
Student Sheet 7 
Access to a microscope 

1 250 cm3 beaker 
1 Bunsen, tripod, gauze, heat-proof mat 

Prior to this investigation you will need to have slides and cover slips kept at three different 
temperatures. A good range of results should be obtained by each group if one slide is kept at 
room temperature, one is taken from the deep freeze and one is warmed on an overhead projector. 
In the latter case, the crystallisation process can be seen projected onto the wall. 

When the salol has melted, the Bunsen should be removed, so that molten salol ofthe same 
temperature will be used for all of the slides. 

Salol may become 'supercooled' without crystallising. Crystallisation has then to be started by 
'seeding', i.e. adding a few grains of solid salol to the melt. Growth of crystals is then spectacular, 
but will give misleading results insofar as temperature dependence is concerned. 

5.1 Rule: The more rapid the cooling, the smaller the crystals. 

5.2 Students could collect lava specimens from their next Mediterranean holiday! These could 
be compared with coarser-grained intrusive igneous rocks, such as granite. Failing a local 
granite outcrop, many shop fronts exhibit some superb varieties of coarse-grained igneous 
rocks. 

5.3 a) larger; larger. 
b) smaller; smaller. 
c) larger; larger. 
d) lava contains small crystals because... it has cooled relatively quickly at the surface of 

the Earth; it has spread out into a thin sheet; any single lava flow is of small volume 
compared with a deep-seated batholith. 

e) the opposite answers are true for a batholith. 
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Unit 17: Cool It!: Liquidmagmatosolidrock 

6. "Cool It" Review 

6.1 The rock types in Figure 3 could be: A) Rock 1, a basalt; B) Rock 2, a dolerite; C) Rock 3, a 
granite. 

6.2 This can be included if you have suitable specimens. Other common igneous rocks in a 
school collection can also be matched to textbook descriptions and pictures. Look out for 
fine-grained rhyolite and glassy obsidian (lavas), medium-grained microgranite (dyke rock) 
and coarse-grained gabbro (deep-seated intrusive rock.) 

6.3 This is a revision exercise, designed as a homework. Preliminary discussion may be needed 
to help students to get started. 

If it is being used in conjunction with the work on kinetic theory, then students should be 
asked to write their account in terms of kinetic theory. They should be given the following 
additional words: heat energy, freezing point, kinetic theory, melting point, molecules, 
lattice forces. 
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Unit 18: Salts of the Earth 

Background to the Unit 

Most Science teachers are familiar with the properties and economic uses of the common evaporite 
minerals such as halite (NaCl), gypsum (CaS04.2HzO) and sylvite (KC}). These aspects have been 
covered in the "Science of the Earth 11 to 14" Units - "Minerals formed by evaporation" and are not 
dealt with in any detail in this Unit. Instead, we concentrate on the less familiar ground of how and 
where the salts are deposited and preserved naturally. 

Their origin poses several interesting problems, which are approached from the long-standing geological 
principle of Uniformitarianism, i.e. "the present is the key to the past". 

In the case of these salts, no single modem environment provides an the answers, so the exercises in 
Sections 4 to 7 are somewhat open-ended. Nonetheless, they are an effective means of generating a 
stimulating debate among students. 
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Timing 

The·following suggestions might be helpful in planning the topic: 

Sections 1 to 3: 1 double period. More time might be needed if students carry out the evaporation 
from sea water themselves. 
If a teacher demonstration is used, the sea water needs to be set out to evaporate 
slowly in an overheated stockroom or a glasshouse several weeks in advance. A large 
curved shallow vessel, such as a "wok" is ideal. 

Sections 4 to 7: 1 double period, assuming that groups of students concentrate on one environment 
only and then report back to the class at the end of their "research time". 

Sections 8 and 9: 1 double period or less. Several aspects ofthe Unit could be used as homework, to 
fonow up or prepare for class work, thus cutting down on the class time needed. 

Notes on teaching the Unit and answers to questions 

1. Where do salts come from? 

A simple introductory section. Teachers may like to revise the chemical meaning of the term "salt" 
and clarify any confusion between the general term and the common usage (i.e. sodium chloride). 
This Unit is also concerned with other salts, notably calcium carbonate, calcium sulphate, potas­
sium chloride. When they occur in natural form, in the ground, such compounds are known as 
minerals. 

2. Salts from the sea. 

In the absence of genuine sea water, a lab. imitation may be prepared, relative proportions being 
shown in Figure 3, Student Sheet 3. 

The teacher demonstration model needs preparing well in advance. A big vessel and several litres 
of sea water give the opportunity for measurable quantities of salts to form by evaporation: there 
is seldom enough in a normal evaporating dish for students to obtain reliable flame colours for the 
calcium and potassium salts. Salts crystallise in the order: A - calcium carbonate and calcium 
sulphate; B - sodium chloride; C - potassium chloride and traces of other salts. 

The potassium salts usually occur in the centre of the "wok", under a crust of sodium chloride. 

For all practical purposes, students' flame tests will be more successful ifthey are given small 
samples of salts from bottles oflab. reagents, as suggested on Student Sheet 1. 

Traditionally the nichrome wire was cleaned in concentrated acid, but dilute hydrochloric acid, or 
even water is safer and usually works well enough. 

2.5 A total of 34.8 grammes of salts are produced by the evaporation of 1 litre of normal sea 
water. 

3. The world outside the lab. 

Although the deposits of rock salt in Cheshire are of great thickness and are very well known, this 
Unit uses the thinner but more varied deposits at Boulby in the North York Moors as the main 
example. The biggest problem in all the case studies is to equate the sequence of events in the 
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simple evaporating dish with the way the minerals occur in the ground. There is broad similarity, 
but rarely an exactly comparable sequence. 

3.1 The order of minerals at Boulby is broadly similar to the lab. experiment, but the proportions 
are noticeably different. There are more calcium and potassium minerals in comparison with 
sodium minerals. 

3.2 The sea would have been 3648m deep, on this simple model. 

Sections 4 to 6 (Case studies ofthree modem evaporating environments) 

This probably works best if students are divided into groups and asked to deal thoroughly 
with one environment only. Early finishers could begin looking at the next. Class discus­
sion is useful to allow students to expound their discoveries and to argue which case study 
might best fit the observed data at Boulby. 

Typical answers are as follows: 

4. The Great Salt Lake 

4.1a) Annual average rainfall: 250 to 500mm (but it varies greatly from year to year). 

4.1b) Average summer surface temperature: 20 to 30°C. 

4.1c) The Rivers Bear, Weber and Jordan drain into the Lake but none has drained out of it for 
the last 30,000 years. 

4.2 Salts dissolved in river water are continually flowing into the Lake but cannot get out. 
Evaporation concentrates them, so that eventually they can be expected to precipitate out 
naturally. 

The "harvesting" of salts by the Great Salt Lake Minerals and Chemicals Corporation requires a 
great deal of skill in building lagoons of just the right size and in knowing exactly when to pump 
brine from one to the next. It is all too easy for the residual brines containing the most soluble 
salts to crystallise within the spaces between crystals of the more common salts. Separation into 
layers would not then occur. The rigorous conditions necessary make one wonder how separation 
of evaporites into discrete layers as seen in the geological record could ever have occurred in na­
ture! 

4.3 Quantities of salts which could be harvested annually are: 

NaC1 - 1,001,000 tonnes 
MgC12 - 200,200 tonnes 
N ~SO 4 - 171,600 tonnes 
KC1 - 57,200 tonnes 

4.4 Apart from the lack of calcium and carbonate ions, the ratio of the ions in the water of the 
Great Salt Lake is broadly similar to that of sea water. Rather different salts are, however, 
obtained by the controlled crystallisation. 

It is unlikely that the shallow Great Salt Lake model (average Bm deep) is appropriate for the 
origin of the Boulby deposits. 
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5. The Caspian Sea 

5.1a) Annual average rainfall: less than 250mm and very variable from year to year. 

5.1b) Average surface temperature in the summer months: 20 to 30 cC. 

5.1c) The Rivers Volga, Kuma, Emba and Ural are the main rivers draining into the Caspian Sea. 

5.1d) The surface ofthe Caspian Sea is 28m below sea level. 

5.1e) Rough measurement from the Atlas gives the following areas: 
Caspian Sea 1200 x 400 km = 480,000 km2 

Gulf of Karabugas (alt. Kara Bogas) 160 x 120 km = 19,200 km2 

5.2 The dissolved salts in the "trapped" water will eventually become concentrated by evapora­
tion and may precipitate out. 

5.3 The "barred basin" model overcomes the problem of an excessively deep sea being required to 
build up a great thickness of evaporite salts, since it is being topped-up all the time by one­
way flow from the adjacent sea. The types of minerals are the same as found at Boulby. 

Vertical sequences of different salt minerals would be found where the different salts inter­
finger, i.e. halite/gypsum alterations would occur at the "jagged" boundary shown between 
these two salts on the cross-section in Figure 10. 

The Boulby deposits could have formed in a barred basin, although it must be admitted that 
salts are not yet being precipitated in any quantity in the the Gulf of Karabugas, so it pro­
vides a model only and not an actual modern example which we can directly equate with the 
past. 

6. The Arabian Gulf 

6.1a) Average annual rainfall: less than 250mm and very unreliable. 

6.1b) Surface temperatures in summer are over 30 cC. 

6.1c) The Rivers Tigris, Euphrates and Karkheh are the major rivers to drain into the Gulf. 

6.1d) Mostly hot, arid desert or semi-desert. 

6.2 The Gulf is mostly surrounded by low-lying coastal plains, known as sabkhas (pronounced 
sab-ker). Saline water is trapped in the sediments of the sabkhas and margins of the la­
goons. In the intense heat evaporation of the saline water at the water-table takes place, 
causing salts to precipitate within the sediment layers. The evaporated water is replaced by 
more saline water from the Gulf, which flows through the pore spaces in the sediments. 

6.3 The salts in the sabkhas are similar to the initial phases of the evaporation experiment, i.e. 
calcium carbonate and calcium sulphates are present. However, there is very little sodium 
chloride and no potassium salts, so the sabkhas do not provide an exact parallel with Boulby. 



Teacher Sheet 5 

Unit 18: Salts of the Earth 

7. Is the present the key to the past? 

A summary section to enable groups of students to draw comparisons and conclusions. 

The phrase used in the title is the usual way in which geologists loosely summarise the Principle of 
Uniformitarianism, originally popularised by Charles Lyell in the early 19th. Century. It stands 
us in good stead for a great deal of geological data and yet in this case does not give a perfect match 
with the observed sequences at Boulby. Students who like things to be "cut and dried" may feel 
frustrated that there is no easy answer, yet it is a valid aspect of Science teaching to demonstrate 
that easy and correct answers are not always obtainable, particularly when "Earth processes" are 
being considered. 

8. Britain in the past 

The more thoughtful students may, perhaps, have begun to realise the significance of the at­
tempted matching between ancient and modern environments: what has happened to the area of 
the British Isles since the evaporite salts were formed? 

Study ofthe two maps and the artist's reconstruction may help students to appreciate how much 
has changed since the Permian Period, when the sediments at Boulby were formed. The use of 
overhead projector copies of Figure 14, one superimposed on the other is helpful. 

Maps and diagrams of this nature are always somewhat tentative, so students might like to see if 
they can improve on them. 

8.2 The geological record in this country contains many examples of desert features, such as: 

Eroded remnants of desert mountains and ephemeral stream valleys. 
Angular reddened scree deposits banked against ancient hillsides. 
Cross-bedded sands, deposited by the wind in dunes. These sands are commonly red or 
orange, from the highly oxidising conditions existing at the time. They are usually well­
rounded and well-sorted (all of one grain size). 
Desiccation cracks occur in sediments which have been subject to intermittent drying out in 
the sun. 
Evaporite deposits occur in association with the above sediments. 
Fossils are usually rare, because few organisms can survive in desert conditions and those 
that do live and die there are seldom preserved in the heat, wind and shifting sands. 
Footprints of land animals are sometimes preserved in muddy lake or sea margins. 

9. Britain on the move? 

9.1 Careful study of sand being blown along the bench shows that small dunes build up. As the 
sand is blown over the top of the dune, it comes to rest on the down-wind side in layers which 
lie at an angle to the bench. These cross-beds slope towards the direction in which the wind 
is blowing, so ancient ones can be used to determine the former wind direction at the time of 
deposition, i.e. cross-beds sloping downward towards the west were produced by a wind 
blowing towards the west. Winds are referred to by the direction from'which they blow, so 
such cross-beds derive from an easterly wind. 

9.2 and 9.3 Measurements from many dunes ofPermian age in Britain show a predominantly 
easterly wind in those times. 
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9.4 Figure 18 and the Atlas show that the prevailing wind in Britain today is westerly. Since 
the theoretical prevailing wind belts of the globe are controlled mostly by latitude, the area 
which is now Britain is likely to have drifted northwards since the Permian. 

There is much supporting evidence for this which is not dealt with in this Unit. One ofthe 
most important lines of evidence is from palaeomagnetic data, which broadly confirm the 
ancient latitude and the rate of northward drift. 

9.5 Figure 19 provides a summary offurther geological evidence which can be used to recon­
struct the palaeoclimate at various times in the past. It demonstrates a fairly steady drift 
from the southern hemisphere arid belt in the Devonian (about 400 million years ago), 
through the humid equatorial regions in the Carboniferous and so on up to the present day. 

Evidence from the Ice Age has been deliberately omitted. The country has not raced up to 
the North Pole and back again in the last 2 million years! Instead, there were periods of 
general cooling of world climate during that period, which led to an advance of polar ice to 
engulf countries at the present latitude of the British Isles. 

Figure Tl is the answer sheet to the final exercise. 
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Unit 19: The day the Earth erupted-Volcanoes 

Notes on teaching the Unit and answers to questions 

1. Volcanoes· what do you think? 

Many of our popular misconceptions date back several centuries! The lesson could start by stu­
dents being asked to state what they know, or think they know, about volcanoes. They could then 
be shown Sheet 1. 

To avoid students reading incorrect information, ALL the statements in 1.1 a) to j) are correct. 

Inside the Earth 

1.2 Is an exercise in scale drawing to reinforce students' conception ofthe Earth's interior. A postage 
stamp stuck on a football makes a useful analogy of the thickness of the crust in relation to the 
Earth's diameter (see "Science of the Earth" Unit 16). 

1.3 Suck it and see! It is important for students to realise that complete melting seldom takes place: 
partial melting is much more common. 

1.4 Under the pressures experienced at the base of the crust, the most common magmas are of very 
low viscosity (about the same as that of glycerine at atmospheric pressure). They are also of much 
lower density than the surrounding rocks from which they have been squeezed. Magma, therefore, 
tends to rise. Magmas which contain relatively little water frequently reach the surface to erupt as 
lavas. "Wetter" magmas often set below ground. 

1.5 An enjoyable analogy! 

1.6 "Gassy"lavas usually set with plenty of gas bubbles (known as vesicles). These are frequently 
filled in by secondary minerals. Some lavas were so frothy that the cooled lava (pumice) actually 
floats in water. Encourage students to observe whatever volcanic specimens are available, in the 
search for clues about origins. The range might include lavas, ashes and volcanic "bombs". 
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2. What is an eruption really like? 

This is the main crux ofthe Unit. Encourage students to skim-read the pages before setting out 
their comparison columns. Plenty of space is needed - at least a double page, or even a wan dis­
play. 

2.1 and 2.2 The answers may an be found from Student Sheets 4 - 9 and are not repeated here. 

3. Different volcanoes from different settings 

3.1 Figure 6A relates to Mt. St. Helens. The "destructive plate margin" structure shown below it is 
typical of many such situations throughout the world. It is not strictly accurate for Mt. St. Helens, 
where some lateral movement of the plates contributes to the volcanicity and the oceanic plate is 
not forced as deep as usual beneath the continental one. 

Figure 6B represents the situation beneath the oceanic ridges, including Iceland, known as a "con­
structive plate margin". 

3.2 Box 1 relates to oceanic ridge volcanoes, like Heimaey, and Box 2 to volcanoes at destructive plate 
margins. 

Many other lines of evidence substantiate the simple version of plate tectonics given above. These 
include heat-flow measurements, depths of earthquake foci and the ages of crustallavas. The 
latter is particularly clear in the case of Iceland, given in Figure Tl. 

o 50 100km 
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o 2 to 16 million years 

® active volcanoes 

MAR mid-Atlantic ridge 

Figure Tt. The ages oflavas in Iceland, on the Mid-Atlantic Ridge. 
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4. Volcanoes on a Plate! 

A concluding section, which could well be used in conjunction with "Science ofthe Earth" Unit 16, 
"Earth's Patchwork Crust". 

The Nazca Plate ofthe eastern Pacific provides a conveniently self-contained example of a con­
structive and a destructive margin in the same ocean. 

5. What about us? (Extension work) 

Sadly, there are no active volcanoes within easy reach of school field trips from Britain. There is, 
however, plenty of evidence of former volcanicity in British rocks. The work of this section will be 
greatly enhanced if specimens from this country are available e.g. rhyolitic lavas from Snowdonia, 
the "Westmorland" green slate from the Lake District (a bedded volcanic ash), and basalt lavas 
from the Giant's Causeway of Antrim or the Western Isles of Scotland. The Welsh and Lake 
District volcanics resulted from a time of destructive plate activity, when an ancient ocean was 
being squeezed shut by the collision of early versions of North America and Europe (from about 
500 to 400 million years ago). The basalts of Northern Ireland and Western Scotland resulted from 
the early stages of the opening ofthe North Atlantic (about 60 million years ago). After a while 
the position of opening changed, otherwise Northern Ireland and Western Scotland would have 
formed part of the U.S.A.! 

Further reading and resources 

Volcanoes, British Geological Survey, 1974 HMSO, 36pp CA very well illustrated, colourful booklet). 
Volcanoes, P. Francis, 1976 Pelican 368pp. (A very readable introduction to the topic). 
The Mt. St. Helens Volcanic Weatherbook, J. Farmer et aI, 1980, Mountain Graphics (detailed account of 

the eruption and its effect on the weather of the U.S.A.) 
Eruption of Mt. St. Helens, Findley, National Geographic Magazine, 159 No. 1 January 1981 pp10-65. 
Video - the Volcano show, "Fire on Heimaey" $36, from The Volcano Show, Hellusundi 6A, Reykjavik, 

Iceland. (An excellent half-hour film of the Heimaey eruption). 
Other films or news coverage of volcanoes appear fairly frequently on T.V. 
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Unit 20: S.O.S .... Save our sites: 
Earth Science Conservation in Action 

Activity Notes 

1. London· a Sub·Tropical Paradise? 

For more detailed accounts, see reading list. 

2. Story in the Rocks 

2.1 Earth scientists want a clear exposure of strata so that they can record the sequence of the rocks, 
collect fossils, measure the sediments etc., with the aim of interpreting the past as fully as pos­
sible. There is intrinsic value in such studies, as exemplified in the Student Sheets; sometimes 
the information may lead to vital discoveries of deposits of economic value. 

2.2 The sea 'cleans' the cliffs by washing away the material which builds up at their base. 

3. Conflict 

3.1 Spot the difference, things to be noticed: 

West - Groynes; sea wan; slope of cliff reduced; grassed over cliff; no rock exposure. 
East - Protection boulders; vertical cliffs; sloped cliff top. 

3.2 i) The sea wall keeps the sea away from the cliffs, so it is not able to wash cljffmaterial away. 
This then builds up to cover the exposure. 

in Reducing the slope makes it more stable and less likely to fail and slip. 
Simple experiments could be conduded to investigate the general stability of slopes in 
relation to variables of slope angle, material grain size and water content or saturation (see 
Science ofthe Earth Unit 8 "Moving Ground"). 

iii) The cliff was grassed over in order to help stabilise it. The roots bind the top layers of the 
cliff, and also reduce rapid infiltration of rain water. This limits the risks of surface erosion 
of material by water run-off, saturation and slip. 
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3.3 i) The untreated Coastguard cliffs shoW' signs of slipping in the clay. The Manor road cliffs 
have been 'treated' to prevent slippage, by reducing the slope angle at the top and putting 
drains in the clay. 

ii) The extra boulders have been placed on the beach to reduce the rate of erosion of the cliffs. 
They dissipate much ofthe energy ofthe waves before they crash into the base of the cliffs, 
thereby preventing the sea undercutting the cliffs and washing material away quickly. 

A simulation of the effect of wave action on unconsolidated material and the placement of protection 
boulders can be devised using a ripple tank to generate 'waves', fine sand for sediment and pea-gravel 
for boulders. 

4. Under threat 

Answers will depend upon your local situation. 

5. The long arm of the law 

Further information about general protection and conservation of the environment (including a 
section on Earth science) can be found in the publications in the Reading List. In some cases, 
where planning permission is refused, the owner can take the case to a Public Inquiry. Here, 
evidence for both sides is heard by an Inspector appointed by the Government. The Inspector 
then reports to the Secretary of State for the Environment, who has the power to decide whether 
or not the proposed development should be allowed. 

An S.S.S.l. has to be able to withstand detailed examination at a Public Inquiry, so not every 
little rock exposure will qualify for S.S.S.I. status! In order to be declared a Site of Special 
Scientific Interest, the N.C.C. has to be sure that it can show the site to be of national or interna­
tional importance. There are 2,200 sites in Britain that have come up to this standard. 

Initial 
;-----------------------~. application 

Pennission granted (no objection) 

Owner I 1 
of 1------'!2Janning' --" 
S.S.S.1. P .. I i+--p~..-L~~_~ enmSSlon L_-,----'I 

~ InqulrY 

Secretary of 
State for the 
Environment 

Appeal 
Procedure 

Pennission refused 

The flow chart shows the planning 
procedures for a proposed develop­
ment on a Site of Special Scientific 
Interest. 

SATIS Unit No. 602 The Lime­
stone Enquiry (Published by the 
Association for Science Education) 
contains student material on the 
conduct of a Public Enquiry in a 
slightly different context. 
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6. Conservation casework 

The infonnation in this section and the Table of Rates is derived from a report prepared for the 
NCC (See Reading List). The methods are mostly self-explanatory. The "grit-blasting" is done 
with abrasive slags derived from copper smelting which are hopefully "environment-friendly". 

7. Conservation consultants 

7.1 This exercise should be conducted as a role play. It is suggested that the class is divided into a 
number of working parties, each being given one site to deal with. After a suitable interval for 
assessment and decision making, working parties could present their management plan to the 
rest of the class (using OHP) or in the form of a display. The exercise is intended to be open­
ended in that the decisions made (particularly on co stings) cannot be prescribed, although it 
should be clear, if the site evidence is analysed carefully, that there is a 'best' solution in each 
case. The sites and conservation problems in this section are based on real geological sites. 
Further sites could be devised by the teacher, using a format similar to the Data Sheets provided. 

Suggested Conservation Management Measures 

Site 1. Hildon Hole 
1. Geological interest is on western face of quarry, select half the face for conservation, fence 

off remaining dangerous sections. 
2. Remove loose and toppling blocks by mechanical hammer or smooth blasting. 
3. Re-profile the face at the top by cutting two benches at least 3m wide as a stabilisation 

measure. 
4. Place fill at base of face to provide access to the unconformity. 
5. Clear debris on quarry floor. 
6. Fence off top section of quarry. 

Site 2. Kingshorn Claypit 
1. Fence off pool and other areas. 
2. Excavate face to stable angle (45 deg.) and max. height of 10m. This will have to be done in 

two sections as overall face height is 15m. Remove slipped clay. 
3. Intercept water at top of slope by trenching. 
4. Encourage vegetation growth above the face. 
5. Provide steps up to face. 

Site 3. Edgehills Quarry 
1. Clean down loose blocks. 
2. Secure overlapping parts offaces with rock bolts. 
3. Provide fill at base of bed E over bed D for stability and access. 
4. Provide steps and viewing platform to bed E. 
5. Clear debris on quarry floor. 

Site 4. The Kebbs 
(A sill is a sheet of igneous rock, intruded, when molten, along the bedding planes ofthe exist­
ing rocks.) 

1. Create access path. 
2. Clear vegetation and scrub. 
3. Remove loose material above overhang, excavate small bench by hand. 
4. Prop up overhang using masonry pillars. 
5. Clear scree covering lower contact of sill. 
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Becoming involved with Earth Science Conservation 

There may be local opportunities for your school to become involved in the practical conservation of a geological 
site. A number of schools have already made simple but effective contributions to site enhancement, undertaking 
such tasks as scrub clearance, removal of scree, creating paths and cleaning off moss and algae. Some schools have 
adopted a site and regularly check and monitor its condition. Pupils involved in this work find it enjoyable and 
rewarding and it often leads to better motivation and interest in schoolwork. 

If you would like further information about suitable sites in your area, then please contact: 
Earth Science Division, Nature Conservancy Council, Northminster House, Peterborough, PE1 1 UA. 

Other useful contacts might be: 
1. County Wildlife (Nature Conservation) Trust 
2. Local Museum (Keeper of Natural History). 
3. Local Geological Society. 

Reading list: 

Conserva tion:-
Nature Conservation in Great Britain (NCC 1984). More specific details can be found in Earth Science Conserva­

tion, 19 pp. 2-14 (NCC, 1982). 
Conservation of Geological Features in Quarries and Pits, Guide to Possible Measures and their Costs', a report 

prepared for the NCC by the consulting engineers, Sir Alexander Gibb & Partners. For further information see 
Earth Science Conservation, 25 pp. 58-61 (NCC, 1988). 

Geological Site Descriptions - a series of A4 sheets giving details of a number of important sites, Nature Conser­
vancy Council, various dates. 

Wenlock Edge Geology Teaching Trail- a booklet describing the geology of Wen lock Edge and showing how certain 
conserved sites may be used for geological education. M. Harley, Nature Conservancy Council, 1988. 

The London area around 60 million years ago:-
British Regional Geology: London and Thames Valley, Chapter V (HMSO) 3rd edition 1960, 5th impression 1976. 
Britain's Structure and Scenery: L.D. Stamp, pp. 177-179 (Fontana New Naturalist) 1970. 
Britain Before Man, HMSO p27, 1978. 
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