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Chapter One





Introduction


This book is a guide to the geology of the countryside encountered along the Pennine Way. The first part of the book is an introduction to the Pennine Way, including general background information, the nature of the countryside that it passes through, an introduction to geology for those who are unfamiliar with rocks and a general description of the geology along and around the Pennine Way.


Based on both topographical and geological criteria, I have divided the Pennine Way into eight sections and the second part of the book describes the geology of each section. For each section there is a series of geological maps. Each map takes the form of a 1,000m-wide (3,300ft) strip – essentially, all the ground within 500m (1,600ft) of the Pennine Way. For every map, there is a vertical profile (cross-section) of the geology directly beneath the Pennine Way and a key in the form of a stratigraphic column. Taken together, the maps cover the whole of the Pennine Way.


The Pennine Way


The Pennine Way winds its lengthy way for 412km (256 miles) from Edale, in the heart of the Peak District, to Kirk Yetholm just across the Scottish border in the shadow of the Cheviot Hills. It is Britain’s oldest long-distance footpath, or ‘national trail’ in contemporary vernacular. It was the inspiration of a Mr Thomas Criddle Stephenson, a long-term secretary of the Rambler’s Association and a passionate campaigner for public access to the countryside. After 30 years of lobbying and campaigning, the Pennine Way was officially opened on 24 April 1965 – perhaps Tom Stephenson’s crowning glory.


In its early days, the Pennine Way was a different beast from what it is now. The Pennines felt much more remote then. ‘Pennine Way undefined’ was how sections of the route appear on the one inch to the mile Ordnance Survey maps of the time, conjuring up visions of a pathless wilderness.


Then there were the endless miles of bog that at times seemed impassable and made the Pennine Way a particularly arduous undertaking. Floundering through the peaty quagmires of Kinderscout, Featherbed Moss and Bleaklow was enough suffering to cause many to concede defeat and give up after only one day. For those stubborn enough to soldier on, there were plenty more bogs lying in wait before the Scottish border, not least in the Cheviots. Exacerbating the gelatinous state of the bogs were the effects of 200 years of heavy industry dumping its unwanted by-products on the Pennines in the form of acid rain, turning healthy peaty moorlands into lifeless bogs devoid of vegetation. It was on to this environment that the Pennine Way imposed itself and the result of thousands of well-meaning boots was inevitable. The peat became deeply eroded and the footpath grew into morasses as much as 30m (100ft) wide, as Pennine Way walkers sought paths through and around the unhelpful bog. Erosion of the peat became a serious issue.


Alfred Wainwright, in his classic Pennine Way Companion, almost used up his supply of adjectives in expressing the misery invoked by his encounters with Pennine bogs. He developed what appeared to be a healthy and earnest dislike of the Pennine Way, summed up in the final words of his book: ‘You won’t come across me anywhere along the Pennine Way, I’ve had enough of it.’


However, do not despair! Much has changed in the 50-odd years since Wainwright struggled heroically along the Pennine Way. Firstly, the heavy industry has gone, along with it its toxic legacy, and the peatlands are regenerating. Nowhere is this better illustrated than the top of Black Hill, once blanketed with sinister black and brown peat and devoid of any sign of life, but now joyously green as the vegetation has returned.


Secondly, the Pennine Way has been rerouted in a few places. It no longer crosses the Kinderscout plateau – a baptism of bog if there ever was one – but follows the lovely valley of the Noe on to the plateau and skirts around its edge. The route from Black Hill to the A62, where it crossed Saddleworth Moor, was once the stuff of Wainwright’s nightmares; it is now a much more pleasant walk via Wessenden.


Thirdly, and crucially, the footpath has been much improved. There has been a concerted effort to pave much of the vulnerable sections with sandstone slabs, brought in (somewhat ironically) from the ‘dark satanic mills’ that caused the pollution in the first place. While not everyone’s ideal walking surface, the stones have bedded in well and are inoffensive to the eye as they blend in with the landscape. They severely reduce footpath erosion, so that vegetation has subsequently recovered and stabilised the peaty scars that once marked the Pennine Way.


A word of caution, however: any repair of footpaths is not a walk-away solution. There will always be erosion as long as paths are walked, which will necessitate vigilance, commitment and, importantly, expenditure.


Because of all the remediation, walking the Pennine Way today is a different experience. It is not the energy-sapping, muddy ordeal that it used to be. It is still a physical challenge, but it was never meant to be easy. In my opinion, it has matured into the finest long-distance footpath that there is. The balance is now about right between challenge and pleasure. Some parts were always wild and beautiful, but other parts, as they grow out of their industrial past, are becoming so. There are places where you can experience a feeling of remoteness that you might not expect to find on a crowded island such as ours. Clearly the weather helps with the enjoyment of the walk and a fine day on an open moorland path with only curlews and skylarks to intrude the solitude epitomises the Pennine Way experience. Enjoy!


Pennine Way Geography


The Pennines form a broad ridge of high ground stretching from the Peak District to the Tyne Gap, where they finish quite abruptly as the land quickly drops off into the Tyne valley. The Tyne Gap is a low-lying breach between the high ground of the North Pennines and the hills of central Northumberland. The Pennine Way does not finish at the end of the Pennines, but continues across the Tyne Gap and the hills of central Northumberland to the Cheviot Hills, which form the high ground at the footpath’s northern end.
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Fig. 1.1. The geographical regions of northern England; the extent of the Pennines is shown by the cross-hatching. Note that the Pennine Way is shown as a green line on all maps.





Other high ground in northern England includes the Lake District, which to the north is separated from the North Pennines by the Vale of Eden, while further south the high ground of the Howgills connects the Lake District to the Yorkshire Dales. Elsewhere, the Lancashire and Cheshire plains form low-lying ground to the west of the Pennines, while the Vale of York, the Vale of Mowbray and East Durham form low ground to the east. To the north, the Cheviot Hills blend westwards into the Southern Uplands of Scotland. Figure 1.1 shows the main geographical regions of northern England.
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Fig. 1.2. Map of northern England.





Most of the rivers crossed by the Pennine Way eventually drain into the North Sea. The Swale, the Ure, the Aire, the Calder and the Noe (via the Derwent and Trent) eventually join together and flow into the Humber estuary. The Rede joins the North Tyne, while the North Tyne and South Tyne join to form the Tyne, which drains into the North Sea. The Tees and the Coquet also drain into the North Sea. Only the Ribble and the Etherow drain to the west (see Figure 1.2).
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Fig. 1.3. Topographical profile of the Pennine Way.





Along the Pennine Way there are four areas of relatively high ground separated by three areas of lower ground. The higher areas are the Dark Peak, the Yorkshire Dales, the North Pennines and the Cheviots. The intervening lower areas are the Southern Pennines, Stainmore and central Northumberland. The high and low areas correspond to the sections I have created for this book, except the Southern Pennines, which has been divided into the Central Pennines and the Aire Gap, as shown on Figure 1.2 and the profile of the Pennine Way (Figure 1.3). There is a strong link between this contrasting topography and the geology.
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Fig. 1.4. The National Parks and the AONB encountered along the Pennine Way.





Apart from a few short sections and the 77km (48 miles) between Standedge and Gargrave, the Pennine Way is entirely within conservation areas: three national parks and one Area of Outstanding Natural Beauty, as shown on Figure 1.4.


The Pennine Way Sections


Section 1 (The Dark Peak) starts at Edale and then takes to the high ground of Kinder Scout and Bleaklow, before descending to Longdendale. After this, it climbs once more to the broad summit of Black Hill and then finally drops down to the A635, which marks the end of Section 1. The profile shows that Section 1 is a high-level section; the height of the Pennines drops by a couple of hundred metres as the Pennine Way passes into Section 2.


Section 2 (The Central Pennines) traverses much of the relatively high central core of the Pennines north of the higher Dark Peak. It is squeezed between the urban sprawls of Greater Manchester and West Yorkshire and there is a dramatic crossing of the M62 that joins the two. It consists of broad reaches of lonely moorland with incursions into intervening valleys, including the deep and steep-sided Calder Valley. At its northern end, Pinhaw Beacon forms the last bastion of relatively high ground before the Pennine Way drops down into the Aire Gap.


Section 3 (The Aire Gap) is the lowest of my Pennine Way sections. The Pennine Way is at its lowest point of around 110m (360ft) above sea level where it crosses the Aire at Gargrave. The Aire Gap consists of low rolling hills in a bucolic landscape considerably tamer than the rest of the Pennine Way. However, the stone walls and buildings are a reminder that one is still in Pennine country. It is a short section and ends at Malham, where the landscape changes dramatically into what was referred to by pioneering geologists as ‘mountain limestone’ country.


The profile shows that the Pennine Way has an abrupt change in altitude as it passes from the low-lying Aire Gap into Section 4 (The Yorkshire Dales). The Yorkshire Dales section begins with a hike across the dramatic limestone country for which the dales are famous and takes in the high fells of Fountains Fell and the iconic Pen-y-ghent as it does so. After dropping down to Horton in Ribblesdale, the Pennine Way turns north, leaving the tourists behind as it heads towards Wensleydale and climbing gradually out of the limestone country. After skirting around Dodd Fell, there is a leisurely descent into Wensleydale and the bustling town of Hawes, before climbing once more up on to the vast sprawl of moorland that is Great Shunner Fell. There is yet another descent into Swaledale and a final drag up to Tan Hill Inn, which marks the northern end of Section 4, after which the Pennine Way leaves the high ground and drops slowly down on to Stainmore.


Section 5 (Stainmore) passes through the relatively low-lying ground between the Yorkshire Dales and the North Pennines. It is a lonely part of the Pennine Way, with little habitation other than a few remote farms. It crosses a series of roads, including the A66, the major trunk road that connects the A1 with the M6. After the A66, it is very much uphill and down dale until reaching the B6276, which forms the northern limit of Section 5.


Section 6 (The North Pennines) is the longest of my sections. The North Pennines is also the highest part of the Pennines, containing three of the four highest peaks found anywhere in England outside of the Lake District. Cross Fell at 893m (2,930ft) is the highest point in the Pennines and also higher than all but a few of the Lake District peaks. However, the Pennine Way shuns much of the high ground and seeks the more sheltered paths along the Tees and the South Tyne valleys. The section starts with a descent into Teesdale and then follows the Tees and its tributary Maize Beck to High Cup at the edge of the Pennine Escarpment, which forms the striking western boundary of the North Pennines. The Pennine Way drops down for a brief visit to the Vale of Eden, before climbing 600m (2,000ft) back up the escarpment, after which it traverses the four highest peaks in the Pennines: Knock Fell, Great Dun Fell, Little Dun Fell and Cross Fell. There is a long descent to the South Tyne Valley that it then follows, more or less, to where the Pennines effectively end once the A689 is reached.


Section 7 (Central Northumberland) is a long, lonely section, except for the bustling but spectacular traverse along Hadrian’s Wall. Before the wall is reached, the Pennine Way crosses pastureland and gentle moorland. After the wall, the Pennine Way seeks the remote loneliness of conifer forests, rough pasture and rather bleak moorland. Bellingham is the last town or village of any consequence along the Pennine Way before Kirk Yetholm, some 90 long and lonely kilometres (55 miles) to the north. The section finishes at Byrness, where the Pennine Way crosses the A68 after a march through Redesdale Forest.


Section 8 (The Cheviots) is the final hurdle of the Pennine Way and is 44 arduous kilometres (27 miles) across the Cheviot Hills. Not a single road is met until the final few miles into Kirk Yetholm. It is mainly an exposed walk along a broad ridge that includes an excursion to The Cheviot, which at 816m (2,676ft) is the third highest point along the Pennine Way. The Cheviot is a broad grey brooding hulk that dominates the whole section. Along this section, the Pennine Way shuns all the valleys and consequently has the highest average height of all my sections at nearly 490m (1,600ft). With no shelter except for two refuge huts, the Cheviots can be a bit of a challenge, particularly if you walk it in a single day, but then that celebratory pint of beer, or whatever is your preferred libation, in The Border Hotel in Kirk Yetholm is all the more rewarding. Perhaps you may linger there a while, quietly contemplating the 412km (256 miles), perhaps 500,000 or more steps and 10,000m (33,000ft) of climbing since setting forth from The Old Nags Head in Edale. The Cheviots was Tom Stephenson’s favourite part of the Pennine Way.


Tables 1.1 and 1.2 give a summary of geographical and topographical data for each of the sections.




Table 1.1. Geographical Data for the Eight Sections of the Pennine Way


[image: image]







Table 1.2. Highest and Lowest Points for the Eight Sections of the Pennine Way
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Chapter Two





Introduction to Geology


This chapter is dedicated to introducing geology to the uninitiated, where I will provide just enough information to begin our geological Pennine journey, after which more geology will be introduced as and when it is required.


Rocks and Minerals


Geology may informally be defined as the study of rocks. Essentially, the earth can be considered to be a rather large rock. Hence, geology is also a study of the earth as indicated by its etymology: geo is the Greek for earth and logia is the Greek for science. Geology is synonymous with Earth Science.


That’s fine, you might say, but what is rock? Well, intuitively many would claim to recognise a rock when they see one, but to define one may be a little awkward. Dictionary definitions vary, but most are along the lines of ‘an aggregate of minerals’. So, what is a mineral?
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Fig. 2.1. The basic molecular structure of galena; sulphur atoms are the larger spheres and lead atoms are the smaller.





Minerals in a geological context are essentially chemical compounds that have an ordered molecular structure – the arrangement of all its atoms – and a more or less specific chemical composition. Let’s take an example of the mineral galena (lead sulphide), which is the ore mineral of lead. It has the simple chemical formula of PbS, meaning that it is made up of two elements: lead (Pb) and sulphur (S), in the ratio of one lead atom to one sulphur atom, denoting a specific chemical composition. The molecular structure of galena is illustrated in Figure 2.1. The smaller spheres are lead atoms and the larger spheres are sulphur atoms, which, arranged together, form a cube shape that is the basic building block of a crystal of galena. All six sides of the cube have the same geometric arrangement of atoms. There is a sulphur atom at each corner and one in the centre of each side of the cube, and a lead atom in the centre of each edge and one in the middle of the cube. To form a crystal of galena, this basic pattern is repeated in three dimensions billion of times.
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Fig. 2.2. The structure of the galena crystal lattice.





To demonstrate, I have stacked a few of these cubes together in Figure 2.2, but for clarity have omitted the lead atoms and shrunk the sulphur atoms a little. Note that adjacent cubes share atoms. A crystal of galena 1cm in size may contain in the order of 20,000,000,000,000,000,000,000 atoms that are arranged systematically by stacking up billions of the basic building blocks.


This highly ordered structure is a definitive feature of all minerals, although the basic building blocks of many may be far more complex than that of galena. There are thousands of different minerals, but fortunately most rocks are made up of only a handful of common types of minerals and a familiarity with the nine most common mineral types is sufficient to identify most rocks. These will be introduced as we go along.


The definition of rock as ‘an aggregate of minerals’ is perhaps a little confusing because it can include all sand, gravel and mud commonly found on the earth’s surface, contrasting somewhat with the intuitive idea of a rock being a hard lump of solid material. For the purposes of this book, we will consider rock to conform to what is intuitive, which is hard, solid material (made up of minerals). Loose material – sand, gravel and mud – will be known as ‘superficial deposits’. These are often referred to as ‘drift’ on geological maps. If all of the superficial deposits – water, plants, animals and anything made by humans – were to be removed from the earth, the earth’s surface would be a continuum of rock that we can refer to as bedrock. In this book, we will mostly concern ourselves with the bedrock.


There are three main types of rock: igneous, sedimentary and metamorphic. Igneous rocks are rocks that that have formed through the solidification of molten rock. A body of molten rock, plus any solid material that may have had the misfortune to be caught up in it, is referred to as ‘magma’. If a magma reaches the earth’s surface, it can be referred to as a lava. Igneous rocks that form on the earth’s surface are known as volcanic rocks, or ‘extrusive’ igneous rocks. If a magma does not reach the surface and solidifies within the earth, then the resultant rock is an ‘intrusive’ igneous rock.
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Fig. 2.3. Sills, dykes and plutons.





Intrusive rocks within the earth often take the form of sheets – essentially, planar bodies. Sheets of intrusive igneous rocks that are parallel with the layering of the rocks are known as sills, while sheets that cut across the layering are known as dykes (Figure 2.3). Other bodies of igneous rocks that also cut across the layering, but are not sheet-like and are more like huge ‘blobs’, are known as plutons (Figure 2.3).


There is a whole variety of igneous rocks. Granite and basalt are just two examples that you may be familiar with, but I will not overload you with detail here; rather, we will revisit igneous rocks later.


The bulk of the earth is formed from metamorphic rocks, but they don’t really get the attention they deserve, perhaps because they are a little more esoteric than igneous or sedimentary rocks. Metamorphic rocks are rocks that have been formed by mineral and textural changes of other rocks through increased temperature and pressure. The texture of a rock is the geometric arrangement of the mineral grains that make up the rock and their size, shape and orientation. Critically, metamorphism takes place in the solid state, which may be hard to imagine if you pick up a pebble and try to imagine it altering its appearance, but the changes, or metamorphosis, take place rather slowly, over millions of years. The temperature at which rocks start to undergo metamorphic changes is around 200°C. Typically, these temperatures occur at around 8km (5 miles) below the surface, unless the rocks have been in the proximity of cooling magma. Metamorphic rocks do occur along the Pennine Way, but only fleetingly, and we will discuss them further when and where they are encountered.


Most of the rocks encountered along the Pennine Way are sedimentary rocks. Sedimentary rocks are rocks that were originally deposited on the earth’s surface and are not volcanic rocks (extrusive igneous rocks). They are the result of a sequence of processes. The first is erosion, where a rock is broken down at the earth’s surface – a process known as weathering – and then removed. Weathering can be through the physical breakdown of rocks, for example through the action of water freezing or flowing over rock, or chemically through dissolution by slightly acidic rainwater, or by more aggressive and more acidic soil water.


The second process is removal and transport of weathered rock. Much of broken rock, which we can refer to as sediment, is removed and transported by flowing water (streams and rivers). Sediment particles may be transported as particles suspended in water, or bounced and rolled along the riverbed. Generally, very small grains are transported in suspension, while larger grains are bounced and rolled. Dissolved material is transported in solution. Sediment may also be transported by wind or glaciers.


Deposition occurs where sediment particles essentially stop moving and accumulate. This process is usually more permanent once rivers have delivered their sediment load into the marine environment. Deposition may also take place through material being precipitated from solution. Calcite, the principal mineral that makes up limestone, is commonly precipitated from solution in seawater. The deposited material is often unconsolidated; that is, it is loose sediment rather than rock and the final processes that produce a sedimentary rock occur during burial.


Burial occurs through the deposited sediment slowly sinking and being buried beneath subsequent deposits of sediment. In certain situations, sediment may be buried to depths of 10km (6 miles). As rocks are buried, both their temperature and pressure increase. Temperatures increase at a rate of around 25 – 30°C per km depth. Pressure increase is around 25 – 30MPa (mega pascals) per km depth, where 1MPa is the pressure produced by a column of water 100m (330ft) high. As pressure increases, sediments become compacted as the grains become more closely packed together, thereby reducing the volume of the gaps between the grains (pore space). Any water in those gaps is squeezed out; a process known as induration.


Compaction may result in considerable volume loss, for example mud may have its volume reduced by up to 60 per cent. Chemical changes may also take place through increases in temperature and pressure, and new mineral growth may take place in pore spaces that effectively cements the grains together; the outcome, of course, is the formation of a rock from sediment. Again, it can be a long process, taking tens of millions of years from erosion to rock formation.


Sedimentary rocks may be considered to be detrital, where the grains are transported as solid particles, or as precipitates, where the material is transported in solution. Detrital sediments are classified by the size of their grains. Traditionally, if the grains are invisible to the naked eye, the rock is fine-grained; if the grains are visible but too small to identify with the naked eye, the rock is medium-grained. If the grains are large enough to be identified, the rock is coarse-grained. However, this relies on uncertainties such as eyesight. Hence, grain-size classification has been internationally standardised: fine-grained sediment has an average grain size of less than 0.0625mm; medium-grained sediment has an average grain size of between 0.0625mm and 2mm; and coarse-grained sediment has an average grain size of greater than 2mm. Fine-grained sediment is known as mud, medium-grained sediment is known as sand and coarse-grained sediment is known as gravel. The equivalent rocks are mudstone, sandstone and conglomerate, respectively. Mudstone is often not as strong and hard as sandstone and may be quite friable; friable mudstone is known as shale.


Detrital sedimentary rocks are often referred to as siliciclastic rocks because they are formed of clasts made up of either individual or multiple silicate minerals. Silicate minerals are minerals that have silicon and oxygen atoms bonding together to form the basic framework of the mineral. In sedimentary rocks, the common silicate minerals are quartz, feldspar and clay minerals.


Quartz is silicon dioxide (SiO2) and is common in most rocks that you are likely to come across, except for limestones and basalts. It is a colourless mineral and can be easily identified, as it appears grey and glassy – it reflects light like broken glass. Go to any sandy beach and pick up a handful of sand; most of the grains in your hand will be quartz.


When defining what a mineral is, I used the term ‘more or less specific chemical composition’, and feldspar illustrates why I used it. The chemical composition of feldspar is variable, between potassium feldspar (orthoclase), sodium feldspar (albite) and calcium feldspar (anorthite). Chemically, any feldspar grain that you find will be a mixture of these three, but with only two dominating. Consequently, there are two feldspar minerals: alkali feldspar, which is a mixture of potassium and sodium feldspar; and plagioclase feldspar, which is a mixture of sodium and calcium feldspar. It is possible to distinguish between the two, but feldspars are susceptible to chemical weathering, which changes them from a colourless glassy mineral to an opaque white mineral, making specific feldspar identification a little more difficult. Feldspar is the most common mineral in the top 30 or so kilometres of the earth. Hence, if you observe an opaque white grain, it is likely to be feldspar; most feldspars in sedimentary rocks are weathered white.


There is a whole host of different clay minerals, with a great variety of chemical compositions, but what they all have in common is that their mineral grains (or crystals) have a sheet-like form and they only form very small grains, rarely greater in size than a few thousandths of a millimetre. Consequently, they are far too small to be distinguished by the eye, but are an important component of mudstone. You might then deduce that if a sedimentary rock is fine-grained (a mudstone), it contains clay minerals. Clay minerals also make mud sticky; therefore, the stickier it is, the more clay minerals it contains. Clay is formed through the chemical weathering of other minerals. Mud and mudstones also contain silt. Silt is mostly formed of fine-grained quartz and feldspar (less than 0.0625mm) but is generally coarser than clay, not that you can actually see it.


Also found in sedimentary rocks are lithic fragments – literally meaning stone fragments. These are clasts of stone (rock), rather than individual mineral grains. They are the main component of conglomerates and, as you might have guessed, quartz (and feldspar) are the main components of sandstones.


Limestones are the most common rocks formed through precipitation of material in solution, in this case calcium carbonate. This may occur directly from seawater, but often the calcium carbonate is precipitated by living organisms, both animals and plants. In both cases, calcium and bicarbonate react to form calcium carbonate, water and carbon dioxide. For those of you that like equations, the reaction can be expressed as follows:
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There are two calcium-carbonate minerals: calcite and aragonite. They have the same chemical composition, but different molecular structures. In limestones encountered along the Pennine Way, calcite is the prominent calcium carbonate mineral. More details about limestone will come later.


Stratigraphy


Sedimentary rocks tend to be layered and this layering is formed as sediment is deposited. The layering is known as bedding and individual layers are known as beds. Distinguishing bedding is fundamental to field geology. Typically, bedding makes rocks appear banded, most obviously through colour. For example, sandstone is often pale-coloured compared with mudstone. Furthermore, stronger beds often protrude (see Figure 2.4). Lamination is the term used when the layers are less than 1cm thick; the individual layers are known as lamina. Stratigraphy is the study of rock layering (from stratum meaning layer and graphos to write or draw), and it is a rather pedantic but necessary branch of geology.
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Fig. 2.4. An example of bedding – interbedded sandstones and shales – by the Pennine Way near Wessenden (SE 063 086). Note that the sandstones are stronger than the shales.





Lithostratigraphy is essentially describing and classifying layers of rock. There is a hierarchy of lithostratigraphic units that we will now discuss.


Beds, already mentioned, are individual layers and are grouped together to form members. Members are grouped together to form formations. Formations are combined to form groups, which, in turn, are combined to form supergroups. How this grouping is done may seem rather arbitrary and may depend on the objectives and scale of a study. However, the principal unit is the formation, and a formation must be mappable; indeed, it is the principal mappable unit, meaning that it can be plotted on a map. In order to do this, it must be identifiable in the field and distinguishable from the rocks above and below. Of course, this depends on the scale of mapping; for example, what may be mappable on a 1:10,000 map (1cm = 100m) may not be mappable at 1:50,000 scale (1cm = 500m). Geological maps of Britain are published at a 1:50,000 scale and, therefore, the formations used are defined such that they can be plotted on maps of this scale.


A general rule underlies many stratigraphical studies, which is that a bed or rock is younger than the rocks below it and older than the rocks above it. You may suggest that this is stating the obvious, but it is fundamental to stratigraphy. Relative ages of rocks can also be indicated by fossils. Different fossils and associations of fossils occurred at different times during the geological past. Two hundred years of classifying fossils and gathering data on their occurrence in sequences of rocks has produced a comprehensive fossil record that covers at least the last 540 million years since organisms began leaving their shells in rocks. Subsequently, the relative age of rocks can be determined with reference to this fossil record.


Chronostratigraphy uses the fossil record to classify the rocks in terms of their relative ages. Hence, rocks can be divided into chronostratigraphic (rock time) units, where rocks belonging to the same chronostratigraphic unit were formed during the same interval of time, even though we may not know the true or absolute age of that time interval.


Determining absolute ages has only been made possible with the advent of radiometric dating, which involves careful measurement of radioactive elements and their decay products. For example, uranium undergoes radioactive decay to form lead and the ratio of certain uranium isotopes to certain lead isotopes can be used to estimate the age of the rock in which they occur. Radiometric dating has its origins in the pioneering work of Ernest Rutherford (1872 – 1937) in the early twentieth century. Advances in physics and instrumentation have enabled precise ages of rocks to be determined and consequently has enabled geologists to establish a geological timescale. Geological time has been divided into eons. Then, eons have been divided into eras, eras have been divided into periods, which have been divided into epochs, and finally epochs have been divided into ages. Here we only need to concern ourselves with the most recent eon, the Phanerozoic, meaning ‘visible life’, that extends from 540 million years ago to the present day; remember 540 million years ago is the time that fossils first started appearing in the rocks.
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Fig. 2.5. The geological timescale.





The Phanerozoic is divided into three eras: the Palaeozoic (old life); the Mesozoic (middle life); and the Cenozoic (new life). The boundaries between them are marked by the two greatest mass extinctions. There are twelve periods in the Phanerozoic and these are defined in Figure 2.5. I refer to anything older than the Phanerozoic as Precambrian. There are subdivisions of the Precambrian, but nothing older than the Ordovician is found in the Pennines and northern England, so I won’t introduce any unnecessary detail. In older literature, the Palaeogene and the Neogene are combined together into the Tertiary.




Table 2.1. Correlation between Chronostratigraphic and Geological Timescale Units
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Chronostratigraphy rock time units are also arranged hierarchically and correlate with the geological timescale as shown in Table 2.1.


Confusingly, they are given the same names as the equivalent time units. For example, we have both the Carboniferous System and the Carboniferous Period. To make some sense of this we can say that rocks of the Carboniferous System were formed during the Carboniferous Period. It seems a little awkward, but enables us to distinguish when we are talking about rocks (system and so on) from when we are talking about time (period and so on).


Geological Structures


Another aspect of geology that we need to consider is geological structure, which is the three-dimensional arrangement of rocks within the earth. For this, we need a frame of reference, namely bedding. A bed is bound by bedding surfaces, which are often quite flat and are consequently referred to as bedding planes. A fundamental measurement made during a geological study is their orientation. The measurements are made by a rather simple but wonderful instrument known as a compass-clinometer.
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Fig. 2.6. The dip and strike of a sloping surface. The dip line is defined by the path of the green ball as it rolls down the surface.
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