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Westrigg: Getting to Grips with Minerals and Mining
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HAZARDS IDENTIFICATION SHEET
The following notes will help teachers conduct their own risk assessments. This is not a risk assessment and teachers 
should follow guidelines from the Department of Children, Schools and Families.
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deposits. The extraction and processing has left its 
mark on the landscape. In places the mine buildings 
still survive, but often the spoil heaps are all that is 
left. Most importantly the minerals extracted were 
at the heart of many of the communities, and, though 
the industry was in decline from the beginning of the 
Twentieth Century, the last mine only closed in 1999.

The lead ore (galena, PbS) and other principal minerals 
were extracted from the rocks from what miners 
called veins and flats. Veins are sheet-like mineral 
occurrences that occupy more or less vertical cracks, 
fissures or faults in the rocks. Most veins are a few 

BACKGROUND 
INFORMATION
1.General Geology

The landscape we see today reflects tens to hundreds 
of million years of natural occurring processes 
involving the underlying rocks and the important 
mineral deposits they contain.  Superimposed on 
the landscape are the results of centuries of mining 
activities that have given rise to several industries 
which were vital for the prosperity of the North 
Pennines but especially so for Weardale. 

Weardale was once the focus for lead mining forming 
part of the North Pennines Orefield with a remarkable 
array of lead, zinc and iron ores and fluorite and barium 
minerals. The ores and other minerals occur together 
in deposits known to miners as veins and flats. Veins 
are sheet like bodies of minerals that occupy more or 
less vertical fissures in the surrounding rocks. Most 
of these fissures are called Faults where the rocks on 
either side have been displaced through movement 
in the Earth over millions of years. Flats in contrast 
are roughly horizontal bodies of minerals, which may 
extend for several metres from the side of a vein. 
Flats occur in limestones and represent replacement 
of the limestone by minerals such as galena, fluorite 
and siderite.  

2. Minerals and mining

Everywhere you look in the North Pennines you 
see a mining legacy, which dates from a time when 
mining dominated the landscape and the lives of local 
people. For many hundreds of years much of the 
North Pennines, especially Weardale and Allendale, 
were important centres of lead and fluorite mining. 

The earliest mining was almost certainly opencast 
diggings based on local knowledge where some 
minerals may have been found and then worked along 
a vein. Eventually it was necessary to sink shafts into 
a vein or along side, in order to gain access to deeper 

Weardale Flourite with its green colour (sample in Rock 
Box)

Classic purple coloured flourite crystals from Fraser’s 
Hush-Groverake Mine Complex, Rookhope. It forms 
perfect cubic crystals that are often found interlocking 
with others. Much of the flourite was crushed but several 
specimans can be found in museums.

Galena, lead sulphide (PbS), is a dense, silver-grey metallic 
mineral. This is the main ore that was worked in much of 
the North Pennines. It was sometimes associated with 
silver (sample in Rock Box) 169



(commonly seen on churches). A less obvious use for 
lead is as a chemical additive in paints, petrol and 
batteries.

Fluorite (Calcium fluoride, CaF2): The word 
fluorite derives from the Latin word ‘fluere’ meaning 
‘to flow because of the minerals use as flux in iron 
and aluminium smelting.  Some of the last operators 
of mines in Weardale and Allendale were British Steel. 
It was originally referred to as fluorspar by miners 
and this is still its commercial name today. Fluorite 
is also used as a source of fluorine for hydrofluoric 
acid and fluorinated water. The element fluorine also 
gets its name from fluorite, fluorine’s only common 
mineral.  Other uses of fluorite include an uncommon 
use as a gemstone (low hardness and good cleavage 
reduce its desirability as a gemstone), ornamental 
carvings (in which it is sometimes misleadingly called 
Green Quartz) and special optical uses.

Galena, lead sulphide (PbS), is a dense, grey 
metallic mineral. This is the main ore that was worked 
in much of the North Pennines (sample in Rock Box).

Weardale green fluorite (sample in Rock box) 
Classic purple coloured fluorite crystals from 
Fraser’s Hush-Groverake Mine Complex, Rookhope. 
It forms perfect cubic crystals that are often found 
interlocking with others. Much of the fluorite was 
crushed but many spectacular specimens can be 
found in museums.

Map showing the distribution of mineral veins and mineral zones in the North Pennines. This is a simplified map, but still shows 
hundreds of mineral veins found by the miners

millimetres to tens of metres in width and typically 
consist of crude bands of minerals more or less 
parallel with the sides of the vein. A range of minerals 
made up the veins, some such as fluorite (CaF2), 
were initially classified as ‘gangue’ or unwanted 
products, but later formed an important commodity 
in the economic prosperity and longevity of many 
mines. Flats are roughly horizontal occurrences of 
minerals that can extend for many metres away from 
a near vertical vein. Flats only occur in limestone, 
where large-scale mineral replacement has taken 
place. It was recognised early on in the geological 
development of the mines that flats were important 
locations for rich accumulations of lead and iron ores. 
Two of the regions largest and most productive lead 
mines, Allenheads, Allendale and Boltsburn, Weardale, 
mined the ore from flats and the associated veins are 
called the Red and Boltsburn veins respectively.

During the later years of mining in Weardale and 
Allendale, fluorite became the most sought after 
mineral, with lead only being extracted as a by-
product. The last mine to close in Weardale was 
Fraser’s Hush-Groverake Mine Complex, Rookhope, 
which mined fluorite until its closure in 1999.

Use of mined ores

Galena (lead sulphide PbS): This metal is very 
soft and easily workable. It has been widely used for 
water pipes by plumbers and by builders for roofing 
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3. How were the veins and flats formed?

The possibility of a large mass of granite beneath the 
Pennines and especially Weardale eventually led to a 
deep borehole being drilled at Rookhope in 1960-
61 and at the depth of 390.5 metres the Weardale 
Granite was reached. The Weardale Granite is 
thought to have played a vital role in generating the 
area’s mineral deposits, as within all granites small 
amounts of radioactive minerals decay and generate 
heat. The thick sequence of sediments that were 
deposited during the Carboniferous acted like a 
blanket over the granite. As the heat was generated 
by radioactive mineral decay it was trapped, creating 
a large circulation cell with a convective motion of 
fluids causing hot saline waters to rise upwards and 
draw in cooler fluids from beneath and the sides.

The hot saline fluids were capable of dissolving minute 
traces of a great variety of chemical elements found 
in the rocks including, lead, iron, zinc and copper. 
The main pathways for these hot fluids enriched in 
minerals were along cracks, fissures and faults in 
the rocks. As the hot fluids rose into the overlying 
Carboniferous sediments they began to cool and the 
dissolved minerals started to crystallise building up 
the mineral veins we see today.

West Rigg Quarry is one of the few places in 
Weardale where it is easy to see a mineral vein and 
the associated mineralised flats. What is exceptional 
about West Rigg is the preservation of the mineral 
vein (Slitt Vein) as it is largely made up of worthless 
quartz. However, either side of the Slitt Vein has been 
quarried away along the flats due to the enriched 
occurrence of ironstone. This enables students to 
examine first hand what the lead miners would have 
encountered over 100 years ago.
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GETTING TO GRIPS WITH MINERALS AND MINING

Map of Westgate to West Rigg Quarry illustrating the different sites for the exercises (Peat Hill is not passable with a coach)

Westrigg: Getting to Grips with Minerals and Mining

Student  Resource Sheet  1

WESTGATE
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GETTING TO GRIPS WITH MINERALS AND MINING
Welcome to Westgate!l The exercises that you will do here will help you to learn the following things:

1) The properties and importance of sedimentary rocks
2) How minerals that make up rocks can be concentrated and mined
3) Tests that can be carried out to identify sedimentary rocks and minerals

Study the map of Westgate to West Rigg Quarry and make your way to Stop 1

STOP 1. Quarry at Peat Hill
For about five minutes look around the quarry and collect three or four different rocks. These may have different 
colours, have different textures or even contain some fossils. Then carry out the following Rock Tests on each rock 
sample. Use the Rock Data Table below to record your results.

After completing your observations about the rocks in Peat HIll Quarry, turn right and continue up the hill along the road to 
Stop 2.

ROCK TESTS
Rock Test 1 - What does the rock look like?
Use a hand lens to observe the rock carefully.

Rock test 2 - Is the rock hard?
Try to scratch the rock.
Rocks which can be scratched by a fingernail are called very soft.
Rocks which can be scratched by a copper coin are called soft.
Rocks which can be scratched by a nail are called hard.
Rocks which cannot be scratched by a nail are called very hard.

Rock test 3 - Does the rock soak up water?
Use a plastic pipette to drop a small quantity of water onto the rock sample.

Rocks that soak up water are called permeable
Rocks that do not soak up water are called impermeable

Rock test 4 - Does the rock react with dilute hydrochloric acid Hcl?

This is a very reliable test to identify the sedimentary rock called Limestone

Other information
Make any additional comments about the different rocks you have collected. You could make comments about their 

You will be able to recognise if some of the samples have grains that fit well together. They have an interlocking 
texture. But in some rocks the grains do not fit so well. We say that they have a non-interlocking texture.

Westrigg: Getting to Grips with Minerals and Mining

Student  Resource Sheet  2
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Rock Name

grouping the rocks into Igneous, Metamorphic or Sedimentary.

STOP 2 Top of hill overlooking Middlehope Moor and West Rigg Quarry

mineral vein in and to visualise the human impact of lead mining on the landscape across Middlehope Moor and west 

the most productive.

Geologists often use the landscape to understand more about rocks. The weathering of the rocks gives rise to the 
landscape we see.
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Unfortunately not all we see of the landscape in Weardale is natural.

What features in the landscape can you recognise as being caused by lead mining and human impact.

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

.………………………………………………………………………..........................................................................................

……………………………………………………………………………………………………………………………........

Now enter West Rigg Quarry where the mineral vein runs through the centre of the quarry.

STOP 3 Slitt Vein in West Rigg Quarry
Mineral veins in Weardale were once very important. They formed the focus of a huge lead mining industry for many 
hundreds of years. Read the following text and then answer the questions. 

What are mineral veins?
Veins are sheet-like bodies of minerals that occupy vertical cracks or fissures in the surrounding rocks. 
Veins can vary in thickness from a few millimetres to over 10 metres in width, though most are around 
a metre wide.

How did veins form?
Deep in the Earth, rocks become saturated with water. This is a powerful solvent, capable of dissolving 
a variety of chemical elements including lead and zinc that occur throughout rocks. Beneath the North 

waters and fluids. This caused the fluids to be circulated through fractures and fissures dissolving 

the walls of the fractures and fissures in the rocks building up mineral veins. This is thought to have 
happened around 290 million years ago.
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   Mineral Vein  Fissure  Granite  Sedimentary Rocks

What is exceptional about West Rigg Quarry is that the miners have not mined away the complete mineral vein as 
they normally did to extract the economic minerals. 

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

Now look around the quarry and see if you can collect any minerals. The main mineral that was mined was called 
Galena. Galena is a lead mineral but many other minerals are present in the quarry

Use the Mineral Dial to identify at least three different minerals and record their characteristics in the 
table below. One of the common minerals found at West Rigg Quarry and its characteristics has been 
completed for you to get you started.

Now walk to the far side of West Rigg Quarry and stop 4 as indicated on the map.
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STOP 4 Mineralisation of the ‘Flats’
The hot mineralised fluids not only created mineral veins as seen at Stop 3, but also reacted with the surrounding 

The alteration of the limestones produced a new rock type called an Ironstone. 

The areas of mineralization/alteration either side of a vein are called Flats.

Complete the missing words in the following sentences

The process where rocks are altered by heat or pressure is known as…………………………………

Metamorphic rocks can be created from …………………, …………………. or other metamorphic rocks.

The high temperatures of the mineralised fluids can change the ……………… structure of the rock.

Examples of metamorphic rocks include………………., slate and……………………

Ironstone!

since it is 48% iron and contains no sulphur or phosphorus.

The ironstone seen in the quarry today was originally a crystalline mineral called Siderite 3), but due to 
oxidation and weathering at the Earth’s surface it has been altered to a iron oxide called Limonite (FeO(OH)·nH2O).

Using the descriptions and photographs of siderite and limonite see if you can identify these minerals 
in the quarry. They can be quite difficult to recognize.

………………………………………………………………………..........................................................................................

………………………………………………………………………..........................................................................................

What’s changed?
The sedimentary rocks have been altered by the hot fluids to create ironstones. Using your own field 
observations compare and contrast the ironstone with the grey limestone seen at Stop 1.
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In the News!

Imagine a new economic mineral vein is found in Weardale and a large mining company want to build 
a mine to extract the important lead and iron minerals. You are a local newspaper reporter. Write a 
balanced report about the proposed mine. Explain why the mine would be important. Write about 
problems that may arise.

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...

………………………………………………………………………………………………………………………………...
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ORE GRADE

Purpose
To calculate the percentage of galena in a piece of ore containing only calcite and galena and to work out the grade 
of the ore.  A sample of galena and calcite are both available in the rock boxes along with other ore minerals once 
mined in the Geopark.

Activity
1. Work out the density of calcite using the piece of calcite provided.  First weigh the calcite.

2. Then place the beaker of water on the balance and press the tare button.  Read the balance with the calcite 
suspended in the water.  The last reading gives the volume of the sample.

3. Calculate the density.   Density = weight/volume

4. Work out the density of galena in the same way..

5. Weigh the piece of ore and then calculate its density.

6. Make a graph to enable you to calculate the percentage of galena in any sample which is a mixture of only   
calcite and galena.  Plot percentage of calcite along the y axis from 0% to 100%. Plot the density on the x axis 
starting at the origin with the density of calcite and increasing to the density of galena . Draw a diagonal line 
from 100% to the density of galena.

7. Use your graph to work out the percentage of galena in your sample.

8. Check your result by using the following equation to calculate the percentage by weight of galena in the sample.
Ds =  Pg x Dg + (1-Pg) x Dc

Ds = density of sample       Dc = density of calcite
Dg = density of galena        Pg =  proportion of galena as a fraction

9. Now try to calculate the percentage of lead in the ore. This would be its grade. Galena is PbS and lead has an 
atomic weight of 207 x and sulphur 32. Therefore the grade = 207/(207+32) x %galena in ore.

Westrigg: Getting to Grips with Minerals and Mining

Fol low-up Act iv i t y 1
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TEACHER SECTION

Requirements
Pieces of pure calcite and pure galena about 5cm by 5cm by 5cm.
A piece of mixed ore about the same size.  Each sample should have a nylon (fishing line) loop about 15cm long 
attached to it with araldite.
A beaker or coffee jar large enough to fit each sample. Balance with tare facility if possible otherwise ordinary balance. 

Notes
Make sure your samples do not contain any barite or fluorite.
Measuring the density can be done with a normal balance without the tare facility by weighing in air and water or 
with a displacement can.

Time 
Lab work 15minutes, calculations and write up 1 hour.
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HAZARDS IDENTIFICATION SHEET
The following notes will help teachers conduct their own risk assessments. This is not a risk assessment and teachers 
should follow guidelines from the Department of Children, Schools and Families.

Plan of activities 
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STANHOPE ROCKS
Welcome to Stanhope! The exercises that you will do here 
will help you learn the following things:

1) How to explain what you see scientifically. 
(Hypothesising)

2) Understand how changes in science and technology 
effect how people live.

3) The properties of 4 types of rock: sandstone, limestone, 
marble and granite.

You begin at the Durham Dales Centre. Examine the 
sculpture behind the main building. This is made of an 
important local rock.

Exercise 1

Use the key below to identify what type of rock the 
sculpture is made from:

.

Getting to Grips with the rocks in Stanhope
Student  Resource Sheet  1
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Exercise 2

Note down key observations you would use to identify this type of rock if you see it again:

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

Exercise 3

Based on your observations, what sort of environment do you think this rock was laid down in, when it was formed 
325 million years ago?

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

After looking at the sculpture leave the Durham Dales Centre and turn left. Carry along the street until you reach St. 
Thomas’s church. The church has a large fossil tree stump outside.

Exercise 4

Use the key from exercise 1 to figure out what material the tree is made from now.

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

The tree became fossilised when the original stump was 
buried in layers of sediment. The wood of the tree rotted 
away, leaving an imprint that has the shape of the original 
stump. The imprint is then filled by more sediment, forming 
the fossil cast of the tree. Some detail is lost in the process, 
but patterns of bark can be seen on this fossil.

Graveyards are good places to look at how communities 
use the rocks around them and how this changes over time. 
Unlike most rocks gravestones have dates on them!

Exercise 5

Using the key from Exercise 1, find examples of graves made 
from sandstone, marble and granite.

Exercise 6

Record the observations you would use to identify these 
three rock types if you saw them again.

…………………………………………………………………

…………………………………………………………………

…………………………………………………………………

…………………………………………………………………

…………………………………………………………………
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Exercise 7 

Many of the gravestones have been weathered. Some examples of this are shown below:

Look at several gravestones in the graveyard. Can you see any patterns in how much weathering they have undergone?

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

Gravestones made of granite are more resistant to weathering than sandstone gravestones.
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Exercise 8

Why do you think most of the gravestones are made of sandstone instead of granite?

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

The map below shows how the rocks around Stanhope are distributed:
A is the location of Stanhope.

B is the nearest source of the marble used in the gravestones you have seen. It is called sugar ‘limestone’ and has been 
made by normal limestone getting heated by molten rock that pushed into the middle of all the sedimentary rock. The 
molten rock has cooled and is now know as the Whin Sill. This is the purple patches seen on the map.

C is the location of the nearest source of granite.

The rock represented by the large grey area is a type of sandstone.

Geological maps show us how the rocks are arranged. Combined with the dates from the gravestones we can figure 
how peoples’ uses of these rocks have changed over time.
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Exercise 9

Collect data from the gravestones and the map to fill in the following table:

Exercise 10
Look for any patterns in the data. It may help if you plot your results onto the graph below:

1700
0

20

40

60

80

100

1800
Date of gravestones

Graph to show change in source rock distance with age

1900 2000
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Exercise 11

Can you think of any sources of error in the data you have collected?

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

……………………………………………………………………………………………………………………………........

…………………………………………………………………………………………………………………………….......

…………………………………………………………………………………………………………………………….......

……………………………………………………………………………………………………………………………........

……………………………………………………………………………………………………………………………........

196



FOLLOW UP ACTIVITIES

Selection of activities for classroom experiments

This excursion could be usefully followed by sessions on weathering mechanisms. Practical experiments that can be 
tried are:

to show shattering  caused by head expansion/contraction.

Getting to Grips with the rocks in Stanhope
Fol low-up Act iv i t y 1
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HAZARDS IDENTIFICATION SHEET
The following notes will help teachers conduct their own risk assessments. This is not a risk assessment and teachers 
should follow guidelines from the Department of Children, Schools and Families.

Plan of activities
STOP 1

STOP 2

STOP 3

STOP 4

STOP 5

STOP 6
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Dibunophyllum
of corals called Rugose corals and this group of 

heated through the geological process known as 

3. Harehope Quarry

BACKGROUND 
INFORMATION
1.General Geology

has left a lasting mark on the landscape. 

during this geological time period known as the 

resistant to weathering and tend to form prominent 

2. Frosterley marble

Dibunophyllum bipartitum
shaped with tentacles that filtered out organic 
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Map of Harehope Quarry illustrating the different stops for the exercises

Harehope Quarry: Fossils and Cycles
Student  Informat ion Sheet  1

203



204



FOSSILS AND CYCLES
Welcome to Harehope Quarry! The exercises that you will do here will help you to:

1) Learn about the importance of fossils in sedimentary rocks
2) Understand about geological time 
3) Recognise ancient environments from an understanding of the rocks

Study the map of Harehope Quarry and make your way to Stop 1.

STOP 1. Frosterley Marble – Is it all Change!

Spend about 5 minutes looking at the loose fallen rocks of Frosterley Marble. 

Now answer the following questions about the rocks at Stop 1:

The pressure from Earth movements and high temperatures cause rocks to change. Rocks formed by 
changing existing rocks are called

……………………………………………………………………………………………………..………………………….

Limestones are made from calcium carbonate. If a limestone is heated and compressed, the limestone turns into a 
metamorphic rock called Marble. Marble consists of interlocking crystals, which make it harder than the limestone 
from which it formed. Most marbles do not contain any fossils.

Do you think the Frosterley Marble is really a Marble? Give a reason for your answer.

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

Fossils found in rocks can tell us what living organisms were like in the past.  A fossil is any part of something that 
once lived, and is now preserved in rock.
Only rarely is the fossil a whole body or plant.
Sometimes fossils can be just a single bone, part of a shell, or even a footprint

Circle the rock type you have the best chance of finding fossils in

   Igneous   Sedimentary   Metamorphic

The Frosterley Marble is about 325 million years old and belongs to the Carboniferous Period. It contains well-
preserved fossils of a solitary coral called Dibunophyllum bipartitum. Dibunophyllum belongs to a group of corals called 
Rugose corals and this group of corals became extinct at the end of the Permian Period (approximately 250 million 
years ago). 

After the corals, the next most common group of fossils found in the Carboniferous are the brachiopods. Brachiopods 
are a phylum of benthic invertebrates. This group of fossils, which can rarely be seen today, was much more common 
in the past. Gigantoproductus is the largest found in the limestones of Harehope Quarry and grew up to 30 cms, but 
most are around 2 to 6 cms wide.

Harehope Quarry: Fossils and Cycles
Student  Resource Sheet  1
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Gigantoproductus     Dibunophyllum

Look for examples of Dibunophyllum and Gigantoproductus in Harehope Quarry and make a sketch 
of one you find. You will have other opportunities at later Stops to see other examples of these fossils 
(Stops 2, 5 & 6).

Sketch a fossil found in Harehope Quarry. Limestones are full of fossils but not always obvious. Remember to include a 
scale on your sketch to show the size of the fossil.

What ancient environment do you think the fossils Dibunophyllum and Gigantoproductus lived in?

At each stop see if you can recongnise any other fossils using the fossil identification sheet.  Tick them 
off if found.
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Following the map make your way to Stop 2 in the Geological Garden.

STOP 2 Geological Time Line

Near to the start of the geological time wall you will see a cross section through the North Pennines made from each 
of the local rock types. These rock types include igneous, metamorphic and sedimentary rocks.

Study the geological cross section. Try to identify each type of rock as igneous, metamorphic or sedimentary and 
complete the table below (one rock has already been identified to help you):

Following the path past the Time Wall, walk back in time from the present day to when the Earth was formed four 
thousand six hundred million years ago (4600 Million Years). Note the large block of Frosterley Marble at the start 
of the wall.
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Using the Time wall and the geological time sheet complete the following paragraphs by filling in the 
missing words from the list:

Australopithecus, the oldest …………………… fossil from Africa is 4 Myrs old. 

At the end of the Cretaceous ……………………… became extinct, but the Cretaceous is also important for the 

evolution of ……………………. (flowering plants). The oldest bird, Archeopteryx  from the Solenhofen Limestone of 

Germany is of ………………………age. Birds are thought to have 

evolved from dinosaurs. The oldest known dinosaur, Eoraptor is 

228 Myrs old and is………………………in age.

The Permian sees the formation of a supercontinent called 

………………..……, that stretched nearly from the North to 

South Pole. This is the only time in Earth’s history that all the 

tectonic plates were joined as one. The End-Permian, is also 

called the………………………….. This was the  greatest mass 

extinction of all time. More than 90% percent of all life became 

extinct. Giant lava flows poured 

out of what is now Siberia and 

continental collisions destroyed 

many shallow marine areas.

During the …………………………, corals and ………………………….are common 

fossils. Giant clubmoss trees grew to heights of over 30 m and it is thought to be the 

first occurrence of flying …………………………….

The Devonian is often called the age of the ………………..………… It is when the first 

…………………………… started to venture on to land.

The oldest fossil evidence of land plants is found  470 million years ago in the ………………………..period. The first 

plants looked like lichen. 

The Cambrian sees an abundance of invertebrate life preserved as fossils throughout the world This is termed the 

“………………………………” because of the sudden appearance of a diverse range of fossils in rocks of this age. 

Brachiopods, corals, sea snails, and many types of arthropods, including ……………… were common.

The approximate percentage of geological time that the Precambrian comprises is ………………..

Fact

If you were to write a history of the Earth’s past, allowing just one page per year, your book would be 
4,600,000,000 pages long. That’s a very thick book — 145 miles to be exact.
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At the end of the time line you will reach a road. Turn right and walk up the hill until you come to a stile on the right. Walk 
along the path above the main quarry face around the perimeter following the map of the quarry.

STOP 3 View of Harehope Quarry
Look across the landscape and discuss what impact quarrying has had on the landscape and the local community. 

What are the benefits and problems of quarrying in this area of Weardale. Write your answers in the 
table below:

Continue along the path to the far end of the quarry descend some steps, and you will see the circular viewing area.

STOP 4 Circular viewing Area

Look carefully at the rocks that make up the stone circle (excluding the cream capping stones). 
These are sedimentary rocks

Now use your magnifying glass to observe the rocks carefully and complete the following table and related questions 
(this is what geologists regularly do in the field).
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The dark grey rocks that makes up the lower and middle sections of the quarry (as seen at stop 1) are called the 
Great Limestone. The Frosterley Marble is one of the more important beds in the Great Limestone. The Great 
Limestone can be found through out the whole of Weardale and the North Pennines.

Now look at the cream coloured capping to the stone circle. You will see many names carved into the 
capping stones.

During the 1800’s quarrymen and miners use to name the individual beds of the Great limestone 
according to how they looked, how hard they were and where the beds were found.

STOP 5 Cycles in rocks!

(To undertake STOP 5 you need to ask for permission from the landowner)

The sedimentary rocks that form the Weardale landscape and Harehope Quarry were deposited in cycles. A typical 
cycle begins with limestone, which in turn is overlain by mudstone, sandstone and often coal. Such cycles are called 
cyclothems.

The best way to recognise cyclothems is to draw a graphic log of the cliff section. A graphic log is a geologist’s 
shorthand for the full description of the rocks they see, including thicknesses of beds, structures they can see in the 
rocks and any fossils found.

Below is a sketch graphic log of the section as seen at Stop 5.  Study the log and fill in the blank spaces 
in the adjoining table [You may need your grain size cards and hand lens].

Graphic log of a cyclothem and associated features –to fill in blank spaces 
Would the oldest rocks be at the top or bottom of the cliff section? Explain your answer.

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

Some of the sedimentary rocks in the cliff section are harder than others –why? 

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

Continue back along the path until you come to the wooden Bridge over Bollihope Burn.
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STOP 6 Polished Marble?

Directly beneath the bridge is the Frosterley Marble bed.

Now answer the following questions.

Provide a hypothesis as to why you think the Frosterley Marble contains only a single species of now 
extinct solitary coral (Dibunophyllum).

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

Finally, why do you think it is important to study the Earth and our landscape? 
Give as many different reasons as you can.

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….

……………………………………………………………………………………………………..………………………….
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PURITY OF LIMESTONES
Purpose
To determine whether there is a relationship between the colour of a limestone and the amount of impurities it 
contains.
Limestone has more uses than any other rock and for many of those uses (for example cement and toothpaste) it is 
important to know how pure it is.
(This experiment will only catch those impurities that are insoluble in 2M HCl.  Other carbonates and some sulphides 
and oxides will be dissolved.)

Instructions
1 Take one bag of limestone chips and remove the large piece of limestone.  Note its number and match its colour 

against the rock colour chart if there is one.

2 Weigh out accurately a quantity of limestone, about 10 grams.

3 Write your name and sample number on the beaker.

4 Place the chips in the beaker and add 50ml of acid.

5 Write your name and sample number on the edge of the filter paper and weigh it.

6 When the sample has stopped fizzing add a further 20ml of acid.  If no further fizzing occurs then the CaCO¬3 
has all been dissolved.

7 Now filter the contents of the beaker and carefully wash all the contents on to the filter paper.

8 Once all the water has passed through the filter paper carefully take it out of the funnel, fold it so no sediment 
can escape and place it to dry.

9 When it has dried weigh the filter paper again and calculate the percentage of impurities.

Weight of paper + solids – weight of paper  x100

Weight of limestone

10 Compare your results with other members of the class and draw your conclusions.

Harehope Quarry: Fossils and Cycles
Fol low-up Act iv i t y 1
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TEACHER SECTION

Requirements

You will need a variety of limestones of different colours:  white, cream and several shades of grey. You should have 
one large piece say 5cm by 5cm plus several small chips.
A 100ml beaker and small funnel, retort stand to hold funnel, filter paper, wash bottle of distilled water, 2 molar 
hydrochloric acid.
Access to balance which will measure to 0.1g.
Oven (optional).
Rock colour chart (optional).

Notes
The limestones can be chipped in a crusher or by hammering them inside a piece of cloth.
If you do not have a rock colour chart then a paint colour chart will do, or else put them in order of increasing 
darkness.
Filter papers are best dried in an oven, but can be dried on a radiator or window sill. 

Results
Generally the darker the limestone the more impure it is.

Time
30 minutes.



CHEMICAL WEATHERING OF LIMESTONE: MY BREATH AND ROCK 
CHIPPINGS FROM THE CAR PARK

Introduction
Loose limestone (largely calcium carbonate) fragments are often used as the surface of drives and car parks as well 
as in making roads. In this activity you can discover how the limestone fragments collected from Harehope Quarry 
or locally are attacked by the weather.

What you will need

3 beaker

Safety notes
Always wear your eye protection throughout the experiment.

What to do

your answers in the spaces in the table. You should attempt to make predictions before attempting any experiment.

Harehope Quarry: Fossils and Cycles
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Questions

natural chemicals?

might soil water affect limestone?

chemicals effect limestone?

TEACHER SECTION

Requirements

from a local known limestone site.

Notes

Results

chippings can provide a good demonstration experiment at the start of the exercise and this can then be followed up 
with a discussion at the end bringing all together.

Time
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