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CHAPTER 1


Moors and Wolds of Yorkshire


Diversity is a simple delight in the landscapes of eastern Yorkshire, and it is all down to the geology. Sandstones define the North York Moors, and their extension into the Cleveland Hills, with their grand panoramas across the empty and lonely wilderness of heather moorland. Chalk creates a totally different terrain in the Yorkshire Wolds, with its rolling hills all clad in farmland except for some of their deeper and steeper valleys. In between the Moors and Wolds, limestone characterises landscapes in the Tabular Hills and Howardian Hills, with farmland supporting a suite of lovely stone-built villages. Those hills overlook the Vale of Pickering that owes its remarkably flat floor to sediments deposited in a bygone lake. Then farther south, inside the great curve of the Wolds, Holderness is an extensive lowland formed on a veneer of glacial till left over from the recent Ice Ages.


Diversity, even contrast, appears again in the long Yorkshire coastline. Sweeping bays and headlands fringe the North York Moors; they vary in detail due to erosion picking out their individual combinations of strong sandstones and soft clays. Then the eroded end of the Yorkshire Wolds provides a complete contrast with its towering cliffs of white chalk. And different again, the coast of Holderness has a long line of low cliffs that are collapsing and retreating in dramatic style because they are formed of weak and crumbly glacial till.


The full story of the landscapes of eastern Yorkshire reaches back some 200 million years, when the first sedimentary rocks were formed to constitute the fabric of the terrain. Anything and everything older than that still exists, but is buried so far down to be almost irrelevant. The northern half of our region, the Moors and adjacent hills, are made of Jurassic rocks, which originated as layers of sand and mud deposited in shallow seas; and they differ from Jurassic rocks elsewhere in England because they accumulated in their own sea almost isolated north of a contemporary strip of land roughly where Market Weighton now stands. It was then all change in Cretaceous times when shell debris rained down on the floor of a tropical sea that spread over the entire region; this eventually became the chalk that makes up the Wolds in its southern half.
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The view south down Farndale, with its farmland floor between heather moors on the sandstone ridges, with the road along Blakey Ridge visible on the left.
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Main features of eastern Yorkshire, with the North York Moors and the Yorkshire Wolds forming the large blocks of higher ground that lie between the broad sweep of the Vale of York and the North Sea coastline.





Rocks are old but landscapes are younger. The hills and valleys, the texture of the landscapes that we see today, have evolved largely within the last few million years. Pennine rivers played their part in the early stages, and the largest landforms are still dictated by the underlying geology. But much of the detail was added within the last 30,000 years, notably during a brief interlude that saw glaciers surround the hills and re-direct the all-powerful river erosion.
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The classic view of Whitby seen from the West Cliff, with the Abbey ruins atop the East Cliff on the far side of the harbour. The jawbones of a bowhead whale form the arch; whaling from Whitby ended in 1833, and these replacement bones came from Inuit hunters in Alaska in 2003.
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Main features of the geology of the Moors and Wolds, and adjacent areas, in East Yorkshire. Glacial till is only shown in its great spread across Holderness, with its continuation south of the Humber.
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An outline profile of the geology of the Moors and Wolds, generalised and simplified along a line from Redcar to Hornsea. Key to the rock units is as in the map above, with the addition of the ironstones of the Cleveland Hill, marked in purple, and the lacustrine sediments of the Vale of Pickering, marked in yellow. This profile has a greatly exaggerated vertical scale: it is nearly 100 km long and extends to about 1000 metres below sea level.
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Stratigraphy of the main rock units of the Moors and Wolds, along with their main roles in the landscapes. The Lias forms the Lower Jurassic. Units are shown in rough proportion with their local thicknesses: from the base of the Redcar Mudstone to the top of the Chalk, the sedimentary rock sequence totals around 1600 metres thick. Ages of the bases of the main units (and the top of the chalk) are shown in Ma (millions of years before the present). Quaternary sediments are discontinuous and rarely more than 40 metres thick; their age ranges from 2.58 Ma until today.





So much for the natural part of the landscape story, before mankind stepped in to make his own mark. Yet again, this was dictated by the geology, with a long history of mining around the northern parts of the Moors. The world’s first major chemical industry started in the 1600s with alum produced from shales that were dug out on a huge scale, particularly along the coast of the Moors. Then the 1800s saw ironstone mining in the Cleveland Hills that briefly dominated world production. Both those mining industries left their mark on the landscape, unlike the modern potash mining that has Britain’s deepest mines almost unseen beneath the Moors.


Evolution of the landscape never ceases while rainfall, streams and rivers continue their persistent erosion of the ground surface. But geological processes are slow, and change is rarely noticeable within a single person’s lifetime. The exception is on some coastlines, and the Holderness coast is among Britain’s most dramatic, where land and villages are being lost to the relentless sea as it eats into low cliffs of ground too weak to offer any serious resistance.


Those lost villages of Holderness are one facet of mankind’s interaction with the natural world. Rather more successful has been the interaction that has developed the farmland defining most of today’s landscapes. The exception to that is the swathe of heather moors that distinguish the core of the North York Moors, designated as a National Park since 1952. The big growth industry of modern times has been tourism, where the coast, both within and beyond the national park, is always a prime attraction. Scarborough became one of England’s great Victorian resort towns. It still stands proud within a string of delightful seaside villages and towns, but the popularity of the coastal footpaths is perhaps an indicator of a trend towards the natural world as the big visitor appeal. It is good that eastern Yorkshire has so much to offer in the landscapes of the Moors and Wolds.




CHAPTER 2


Jurassic Rocks of the Moors


A little more than 200 million years ago the world was slowly warming and sea levels were rising. Britain was then at a latitude of about 35 degrees, the same as northern Morocco today, and was just part of a great desert far from any ocean while the supercontinent of Pangaea was still intact. Uplands of hard old rocks, essentially Scotland, the Pennines and Wales, had survived millions of years of slow desert erosion, but most of England was a low desert plain where clays and silts accumulated to form the Mercia Mudstone that now underlies the Vale of York. However, the whole region was then subjected to rifting and subsidence when the Atlantic Ocean started to open up not far to the west.


The combination of rising sea level and sinking land saw the marine invasion that brought shallow Jurassic seas across eastern Yorkshire and nearly all of south-eastern England. Marine sedimentation set in to form the Jurassic and Cretaceous rock sequence. Sea depths varied and coastlines shifted, but sedimentary rocks were formed in huge quantities, except at Market Weighton, where an island soon emerged from the sea and separated the Cleveland Basin from the rest of England to the south. This is why the Jurassic rocks of the North York Moors are conspicuously different from the well-known oolitic limestones of the Midlands, Cotswolds and southern Jurassic Coast.
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Staithes Sandstone, of the Middle Lias, forming the cliffs around the village of Staithes.





Land Barrier at Market Weighton


A significant feature of the Jurassic terrains is known as the Market Weighton Block because it can be recognised by the thinning and absence of nearly all the Jurassic beds along the foot of the Wolds escarpment for about 20 km north of the market town. That is along the outcrop, and any extension of the Market Weighton land to the west can only be surmised, as all has been removed by erosion; it remains uncertain whether or not there was a seaway between the Pennine landmass and the Market Weighton land. However, it is known from boreholes that the Jurassic land occupied much of the area now beneath the Wolds; it also extended for around 30 km east of today’s coastline.
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Main outcrops of the Jurassic rocks across the North York Moors and adjacent hills.





Absence from the Jurassic sequence is largely due to non-deposition in the erosional environment of land above sea level. Levels of both land and sea varied over the millennia, and some phases of localised sediment deposition were followed by their removal by erosion, but such were details. It was rather more significant to Jurassic geology that the Cleveland Basin could subside and fill with marine and deltaic sediments, while the Market Weighton land, whether island or peninsula, kept it largely separate from the shelf seas that extended southwards across most of England.
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Stratigraphy of the Middle and Upper Lias in the Cleveland Basin. Thicknesses are generalised and show considerable local variation; the sequence shown here is about 140 metres thick. The Cleveland Ironstone (strictly a Formation) is about 25 metres of mudstone containing relatively thin seams of payable iron ore.





Lower Jurassic Beds


As a rock type, lias is an old English term for a hard limestone, typically found as thin, impure beds interlayered with grey clays. Thin limestones and clays form most of the Lower Jurassic sequence in England, and even though clay generally dominates, the whole group is now known as the Lias, a term that has evolved from rock type to stratigraphic unit. Mud is fine-grained silicate sediment composed largely of clay minerals. Buried and lithified in a rock sequence, water is squeezed out so that it becomes clay. Further lithified and hardened, it is known as shale where laminated, or as mudstone if more massive and poorly bedded. Most of the material does end up as mudstone, which is why the stratigraphical names for these units of mudrock include the word Mudstone. However, at and close to outcrop, hard mudstone weathers and softens to revert to more deformable clay, or breaks and splits to form fissile shale. So it is clay or shale that is generally seen at outcrop, which is why many of the beds were formerly known by those names.


Besides these clays, shales and mudstones, the Yorkshire Lias is notable for containing three materials that have supported significant local industries – ironstone, jet and alum shale; the story of local mining forms Chapter 9.
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Redcar Mudstone exposed at Boggle Hole, with two beds of fine-grained sandstone conspicuous in the cliff.





First of the Jurassic rocks to form were the thick clays of the Lower Lias, now formally known as the Redcar Mudstone. The wide desert basins of the Triassic became shallow seas in the Jurassic, with fine-grained sediment supplied from landmasses that are now Scotland, Wales and the Pennines. Hence these shales and mudstones total more than 200 metres in thickness, all formed in about ten million years while the floor of the Cleveland Basin slowly subsided. Well known for their abundance of fossils, they are largely hidden beneath soil along the eastern side of the Vale of York, but are exposed in the cliffs and foreshore at Robin Hood’s Bay. The Lower Lias has the only Jurassic outcrop that is continuous into Lincolnshire, as it predates the emergence of the land barrier at Market Weighton.
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Staithes Sandstone forming the cliffs on both sides of Staithes village (which is largely hidden in this view from Boulby Bank).





Middle Lias Ironstone


Shallow marine sediments continue into the Middle Lias, but are distinguished by being sandier due to rivers on the northern lands carrying increasing amounts of sand into the Cleveland Basin. Some 30 metres thick in the Eston Hills near Middlesbrough, the Staithes Sandstone thins to almost nothing beneath the Vale of Pickering. Nowhere is it a conspicuous feature of the landscapes, and most of its outcrop is covered by glacial till, except at its type locality at the pretty village of Staithes. There, its thinly bedded sandstones are nearly horizontal where they form that splendid rock prow rising behind the old cottages on the left bank of the narrow inner harbour.
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Three thin beds of ironstone form ribs within the cliff of dark mudstone that dominates the Cleveland Ironstone Formation east of Staithes harbour.
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Thin beds of ironstone are weathered to a red crust where the Cleveland Ironstone Formation is well exposed during low tide on the foreshore around the headland of Old Nab, east of Staithes.





The next major stage in Jurassic evolution was the greatly increasing occurrence of iron minerals within the sediments of what became the Cleveland Ironstone. This unit of rocks is up to 30 metres thick in the northern Cleveland Hills and in Eskdale, but then thins southwards to almost nothing. It consists mainly of mudstone, but has more than a dozen beds of ironstone scattered through its sequence, and these are dominant in the top six metres. Most of the ironstone is composed of roughly equal parts of chamosite (a green iron silicate), siderite (pale brown iron carbonate) and a mixture of detrital minerals. The iron content reaches to around 30%, so beds more than about a metre thick could be mined – and supported a lucrative industry in the Cleveland Hills for about a hundred years, until the last mine ceased operations in 1964.


Most of the ironstone is oolitic, with ooliths of chamosite set in a matrix of siderite and non-ferruginous minerals. Ooliths (also known as ooids) are sand-grain-sized spheres with internal concentric layers that were formed as wave action rolled the grains around on the shallow sea bed. The iron appears to be polygenetic – like so many of features of geology, it has multiple origins. Much of it was precipitated out of solution in the seawater, generally aided by bacterial activity that influenced the water chemistry. But iron is a very mobile element in an aqueous environment, and further deposition and mineral changes took place during diagenesis – when the sediment was slowly turned into rock after burial deep beneath later sediments. Furthermore, the iron within the seawater probably had mixed origins. Much of it was derived from erosion of the nearby landmasses. Then it is likely that iron was also added to the seawater by hydrothermal vents on the floor of the Atlantic Ocean that was starting to open not far to the west when the American continent drifted away from Eurasia.


Nothing lasts for ever, and environmental changes near and far caused the iron deposition to cease, though only temporarily. Meanwhile, sediment sequences in the shallow seas of the Cleveland Basin reverted largely to the ubiquitous mud and sand.


Upper Lias Jet and Alum


Whitby Mudstone is the formal name for a sequence more than 100 metres thick, most of which appears as shale at outcrop, though it also includes some significant variants. They are poorly exposed inland, but are important features of the coastal strip around Whitby, and have fine exposures in the sea cliffs. The basal Grey Shale becomes gradually darker as it passes up into the Jet Rock, most of which is again finely laminated shale, but contains scattered lumps of jet and is black due to its high content of organic carbon.


Jet is the amorphous, shiny, black stone that can be carved into ornaments and jewellery in a small but significant local industry. It is fossilised wood, so essentially a variety of lignite coal, forming what were originally tree trunks, mostly of araucarians, distant relatives of the spikey ‘monkey-puzzle’ trees of modern South America. Hence the main occurrence of jet is as isolated lumps scattered through the top few metres of the Jet Rock shales. Rivers on the low-lying, sub-tropical hinterland carried logs to the coast beyond, which then sank into muddy sediments that were accumulating beneath the shallow waters of the Cleveland Basin. Buried by further mud deposition, the water-logged wood was prevented from oxidising, so that it lost its volatiles and was then compressed and distorted into lumps that are structureless, tough, and more than 70% carbon. Today jet is well known as fragments on the beaches around Whitby, where it is derived from erosion of coastal outcrops of the jet-bearing mudstones.


In formal stratigraphical nomenclature, the Jet Rock is the lower part of the Mulgrave Shale, which continues upwards with a high content of hydrocarbons (hence its earlier name of Bituminous Shales), though almost completely lacking in jet.


That is then followed by the Alum Shale, which was quarried extensively in the past (see Chapter 9) to produce alum for the textile industry. Alum is the double sulphate of aluminium and potassium, and, as the mineral alunite, is rare in nature except at some volcanic sites. However, the Alum Shale contains the requisite aluminium (in the clay minerals, which are alumino-silicates) and sulphur (in pyrite, iron sulphide, which oxidises to produce the sulphate) for making alum; the potassium is added separately. Alum Shale is therefore little different from many other shales that contain scattered crystals of pyrite, except that it also contains organic carbon (which burns to help the calcining), is low in calcite (which would steal any new sulphate to form gypsum), and has about 3% very fine-grained pyrite (which is the right amount to generate the sulphate); these three factors are the keys that made only the Alum Shale suitable as the raw material to feed the prolonged and complex processing that eventually yielded the precious alum. That industrial process was comparable to hugely accelerated weathering, but natural alunite is absent in the Alum Shale even where it has weathered in the natural environment.
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An old quarry west of Ravenscar once yielded aluminous shale for the local alum works. Part of the Whitby Mudstone, the aluminous shales are now largely hidden behind the bank of shale scree, while the top of the face exposes the caprock of Dogger sandstone that prevented further quarrying into the hillside.





Around the northern and coastal margins of the North York Moors, the Alum Shale reaches to nearly 40 metres thick. However, only 15 metres of this, near the middle of the sequence, was suitable for alum extraction; the lower beds have less organic carbon and more iron carbonate, and the quarrymen avoided them because they are harder; then the upper beds contain too much calcite – indeed some were quarried in the past to make cement.


The top beds of the Whitby Mudstone are named Peak Shale, seen only in a narrow slice east of the Peak Fault (see Chapter 4). Across most of the North York Moors it was removed by erosion during a brief interlude of uplift, before the Cleveland Basin subsided yet again and Middle Jurassic sedimentation restarted above the unconformity.


Fossils of the Lias


Among the most famous fossiliferous beds in Britain, the Lower Jurassic clays, shales and mudstones yield the richest pickings at their two coastal outcrops, in Dorset and Yorkshire. Robin Hood’s Bay forms the heart of Yorkshire’s fossil coast, though the nearby bays at Staithes and Port Mulgrave, along with Saltwick Bay on the other side of Whitby, are generally the better sites for collecting. At each site, the foreshore exposures are excellent though only accessible at low tide, and the best collecting is always in winter after storm waves have broken fresh material from the cliffs. The days are long gone when weather-beaten specimens of the bivalve Gryphaea, or even a decent ammonite, perhaps not complete, could be picked up by a walker on the Yorkshire beaches. Diligence, patience, a hammer and a touch of luck are now needed for a casual visitor to collect a good fossil. The professional fossil collectors choose their time, usually in winter, know where to look after any rockfall from the cliffs, and can recognise a block with potential; then many hours of curating can produce some beautiful specimens, especially of clusters of ammonites.
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A fine specimen of the ammonite Pleuroceras revealed by breaking open a nodule in the Whitby Mudstone.
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A pyritised Microderoceras, less than 30mm across, from the Redcar Mudstone at Robin Hood’s Bay.
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Fossil hunters on bedded mudstone of the Alum Shale exposed on the foreshore beneath the East Cliff at Whitby, with Ravenscar sandstone forming the top of the cliff.
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Dactylioceras commune, about 70mm across, the most common ammonite in the Whitby Mudstone.





Ammonites are always a delight to find, and the simple ribbed coils of Dactylioceras are perhaps the most abundant in the Yorkshire Lias. Also numerous in the mudstones around Whitby, Hildoceras is a distinctive ammonite of special local significance as it was named after St Hilda, Abbess of Whitby, during the seventh century; legend has it that she turned a plague of snakes to stone, presumably after coiling them up. Known as snakestones, the fossils therefore feature on Whitby’s coat of arms. The stratigraphy of the Lias is identified by its ammonites, of which many species are true markers for individual zones with the succession. Most of the Liassic ammonites are less than ten centimetres across, so specimens can be complete when they are broken out of the nodules that are often collectable. Nodules are rounded lumps of the mudstone that are concretions formed where stronger cementing mineral was deposited between the grains in concentric zones around some nucleus. Commonly, it was a fossil acting as the nucleus that provided the chemical contrast to cause the mineral precipitation. Mostly fist-sized within the Lias, these nodules weather out of the cliffs, and some can be broken up to reveal decent fossils.
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An assemblage of the ammonite Paltechioceras in a block of Redcar Mudstone about 250mm across.







[image: img]


Hildoceras bifrons, with whorls having smooth inner and ribbed outer sections; from the Alum Shale.
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Gryphaea incurva, the asymmetrical bivalve fossil that is common in much of the Jurassic succession.





Brachiopods are common throughout the Jurassic sequence. They were bivalves that lived on the sea bed, so grew thick, unequal calcite shells, either ribbed or smooth, as defence against predators, and consequently many survived burial and fossilisation. There is also a class of bivalves, within the mollusc phylum; previously known as pelecypods or lamellibranchs, these include the oysters. Most of them have thinner shells that were easily crushed during burial. A notable exception was Gryphaea, which had one large shell curved and almost wrapped round a small second shell. Usually a few centimetres long, conspicuous growth lines on the curved shell led to its nickname as a ‘devil’s toenail’. Along the Whitby coast these fossils are commonly weathered out of the mudstones and rolled around by wave action, when they become smoother and more rounded; but they are strong enough to survive, so can still be collected on some of the beaches.


The coastline of Liassic rocks alongside the Yorkshire Moors is sometimes known as the Dinosaur Coast, though this is something of a misnomer. Dinosaurs lived on land, so when they died their remains were generally scavenged, broken up, eroded away or simply weathered to leave little trace. Their fossils survive mainly where the animals were buried in deltaic sands, so they are lacking in the marine rocks of the Lias. Within the Middle Jurassic Ravenscar sandstones (see below), delta-top beds near the top and bottom of the sequence contain dinosaur footprints, though bones are rare. Many sets of footprints have been exposed on the foreshores north and south of Scarborough, but situations change with on-going marine erosion of the sites.
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Four vertebrae (each 30mm thick) and six smaller bones from the paddles of an ichthyosaur found in the Whitby Mudstone near Samdsend.
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Skeleton of an ichthyosaur from the Liassic mudstones (this is a plaster cast of the fossil, in a block 700mm long).





However, the marine Lias is famous for its large vertebrate fossils, notably in the form of plesiosaurs and ichthyosaurs. These giant reptiles were the predators of the sea, up to three metres long, streamlined with powerful paddles and long, toothed jaws, and their fossils are particularly abundant in the Alum Shale. Individual teeth, vertebrae and disarticulated bones can be found in the coastal exposures, though discoveries of complete skeletons have largely been the preserve of quarrymen. During the 1800s, coastal shale quarries that fed the alum works at Ravenscar and Loftus yielded magnificent specimens that are now housed in museums across the country. Large specimens turned up in such numbers that geologists visiting from afar during the early 1900s commented on fossil vertebrae being used to line garden paths at homes around Whitby.


Middle Jurassic Sandstones


Nearly ten million years of deltaic deposition created the sandstones that are the bedrock, the essence, the defining feature, of the North York Moors. They dominate the sequence known as the Ravenscar Group, where they are strong enough to form the high ground of the Moors and the Cleveland Hills characterised by classic heather moorland on their poor quality, sandy soils. The same sandstones form parts of the Howardian Hills, but somewhat lower in altitude these are largely developed into productive farmland.
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A hugely simplified palaeo-geography of the Jurassic sea within the Cleveland Basin. Features varied considerably through the 50 million years of Jurassic time, but were dominated by sediment from land in the northwest and open sea on both sides of the small Market Weighton landmass.
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Bedded sandstones of the Ravenscar Group exposed on the neck of land reaching out to Scarborough Castle.





Around 200 metres thick in total, these sandstones have previously been called the Estuarine or Deltaic Series, because they were deposited within the coastal and near-offshore zones of a broad delta that was fed by rivers pouring in from the northwest. Open sea lay eastwards, north of the contemporary Market Weighton land. The Ravenscar Group is dominated by these sandstones, and is sub-divided into a sequence of Formations (as in the table below). The three thick deltaic formations include large amounts of siltstone and mudstone, along with thin coal seams, plant beds and bedding planes with dinosaur footprints, all reflecting intervals when delta-top environments prevailed. Coal seams are only thin, but those near the top of the Cloughton Formation were worked long ago in hundreds of small pits across the Moors. Less than 50 metres above the coals, the Moor Grit Member is a particularly strong bed of sandstone, about ten metres thick, that gained its name from defining some areas of the finest high moorland, even though its outcrops are actually not that extensive.


Within the Ravenscar sandstones there are four relatively thin formations that record marine incursions when slow regional subsidence briefly outstripped the rate of sediment accumulation. Lowest of the four is the Dogger, with up to ten metres of coarse sandstone that is commonly calcareous and locally pebbly. It includes beds of ironstone with chamosite and siderite, similar to the Cleveland Ironstone seams. Furthermore, its outcrop around the rim of Rosedale was famed for the remarkable magnetic ironstone that was mined in the late 1800s. This is of limited extent as it occurs only within some channel deposits lying within the Dogger, but its iron content of up to 50% is a significant improvement on the 30% or less that is typical for ores of the Lias.
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Major stratigraphic units within the Ravenscar Group, dominated by the stronger sandstones that form the North York Moors.





There is still some debate over the formation of this valuable iron ore, and it remains unresolved because the orebodies cannot be reached for study in the abandoned and collapsed mines. Current thinking has an extensive sea-bed deposit of the Dogger ironstone that was reworked beneath shallow waters to fill submarine channels that had been scoured through it and into the underlying muds. The problem is that magnetite (the double oxide of iron, Fe3O4) is not normally found in the sedimentary environment, so it is likely that chemical changes of the iron minerals were induced at a later stage, by groundwater flowing through the sediments while they were being lithified and turned into solid rock.
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Dogger and Saltwick sandstones on the Kettleness headland, where the Alum Shale was extensively quarried from the slopes below.







[image: img]


Quarries west of Aislaby work into their thick bed of sandstone overlain by thin-bedded sandstone and darker mudstones, all within the Saltwick Formation.





The Eller Beck Formation consists largely of shales just a few metres thick, with marine fossils, but includes thin beds of siderite ironstone with limited lateral extents. Above this, the Whitwell Oolite is a pale, shelly limestone that only occurs in the southern part of the Cleveland Basin, notably in the Howardian Hills where it is nearly ten metres thick. Formed during the fourth of the marine incursions, the Scarborough beds reach to around 20 metres thick with coarse sandstones, sandy limestones and sideritic mudstones that show lateral variation round the edges of the Moors.


A further marine incursion is represented by the Cornbrash, a few metres of sandy limestones that lie directly above the Ravenscar Group. An unconformity lies between the two beds, indicating a brief interlude of uplift and localised erosion of the uppermost Ravenscar beds, before the Cornbrash sea swept in. There is no angular contrast, so this is technically a disconformity. And although conformable with overlying Upper Jurassic beds, the Cornbrash is placed in the Middle Jurassic on the basis of stratigraphic relationships elsewhere.
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A slab of Moor Grit, from its outcrop on Spaunton Moor, now upended as the Millennium Stone on Danby Moor.
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A fossil brittle star in a block of sandstone recovered from the cliffs west of Skinningrove.





Upper Jurassic Beds


Two great units of clay, the Oxford and the Kimmeridge, were deposited across huge areas of the Jurassic seas, in what is now the south of England. Both also extended northwards round the Market Weighton landmass, to where they now underlie lowlands in East Yorkshire. Between them lie the Corallian beds that form further significant parts of the Yorkshire landscape.


Clays are poorly exposed in any temperate landscape, as they weather to deep soils and underlie the lowlands where sediments accumulate over them. The Oxford Clay is no exception. Generally around 30 metres thick, it may better be described as a mudstone, and is poorly exposed except at the coast around Cayton Bay. Underlying the clay, the Osgodby sandstones include strong beds that were formerly known as Kellaways Rock, and also the strong Hackness Rock. The Oxford Clay is important within the landscape because it forms a weakness between the strong Ravenscar sandstones beneath and the equally strong Corallian grits above. Consequently, its sinuous outcrop lies along the foot of the dissected escarpment that forms the northern edge of the Tabular Hills where they overlook the Moors rising gently to the north.


In contrast, the Kimmeridge Clay, consisting of more than 200 metres of dark clays and shales, underlies almost the entire Vale of Pickering. These weak clays are the reason behind the existence of this great sweep of lowland, and also the great indent of Filey Bay where the same bed meets the coastline. But nowhere is this bedrock exposed: it is covered by lake sediments throughout the Vale and by glacial till in the coastal zone, and its presence is only known from boreholes.
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Stratigraphy of the Corallian beds, with the oolitic limestones and calcareous grits all varying in extent across outcrops in the hills both north and south of the Vale of Pickering. The oolitic limestones generally form about half of the total Corallian thickness of around 100 metres.
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Newbiggin Cliff stands 60 metres tall, west of Filey Brigg; grey Oxford Clay is overlain by brown Lower Calcareous Grit beneath a cap of glacial till that is shrouded in greenery.





Corallian Beds


Between the two clay beds, the Corallian Group consists of around 100 metres of limestones and calcareous sandstones. The former are the Hambleton and Malton Oolites, and the latter are the Calcareous Grits. Together, these resistant rocks form the low, dissected plateaus of the Hambleton Hills and the Tabular Hills, and also extend eastwards to form the high ground of Dalby Forest, where the grits predominate. The Lower Calcareous Grit survives to form large parts of the headlands of Filey Brigg and Scarborough Castle, and also forms much of the northern half of the Howardian Hills alongside the Malton Oolite. Across most of the Tabular Hills, the full sequence is in place with the two oolites and the three grits, though the lower part is more variable further south. In the Hambleton Hills the eponymous oolite is present, whereas the Malton Oolite is missing. Further east, along the Howardian Hills, the Malton Oolite is thick and extensive around its namesake market town. Also, the Birdsall Grit becomes thicker, eventually replacing the Hambleton Oolite, and converging with the Lower Calcareous Grit to form a thick grit unit that is directly overlain by the Malton Oolite. Such are the complications of stratigraphy where shifting coastal environments created lateral changes between rock units of the same age.
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