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Rosedale – the magnetic ironstone conundrum
Practical Men
“The practice of geology, through the search for mines and minerals, has been much less
attended to by historians than has the geology undertaken by leisured amateurs - even
though practical geology was as important in the past as the oil industry is today.”
Hugh Torrens (2002) The Practice of British Geology, 1750–1850. London: Routledge.

Introduction
At its peak in the mid 1870s-mid 1880s the ironstone industries in the area (alongside the remainder
of the Cleveland Hills) provided 38% of Britain’s need for iron, which equated to 20% of world
demand. The area contributed to the shifting industries in North East England and the establishment
of Middlesbrough as a centre of iron-making and its impact on the nation and the world beyond. Iron
was in much demand - investment in construction of railways, in Britain and abroad started around
1835 and continued apace for the next three decades creating a significant demand for rails made
from iron.
In 1835 ironstone was first identified and the first underground ironstone mining commenced in the
Cleveland Hills ironstone mining district. Ironstone was identified in stream near tunnel works at
Grosmont when building the new railway between Whitby and Pickering and was subsequently
worked along the Murk Esk Valley at Beck Hole and Esk Valley, then at Kildale. In 1853 a magnetic
ironstone with a significantly high iron content was discovered in Rosedale.
In 1851, 38 Blast Furnaces were operating in the North East and 13 were supplied with ironstone
from the North Yorkshire Moors area. By 1863 108 Blast Furnaces with 78 supplied with ironstone
from that area.
The impact of industrialisation on the landscape was in the creation of mines, the calcining kilns,
construction of ironworks, the creation of mineral tramways and railways and the construction of
accommodation for the increased population of the area.
It was largely through the work of ‘Practical Men’ that the ironstones were located and exploited.
This excursion visits two of the seminal sites of ironstone discovery and the remains of the vast
industry that ensued, and explores the role of geological understanding in how the ‘practical men’
attempted to interpret the ironstone deposits.
It will also underline the importance of the economic imperative in advancing of geological
knowledge and the vital role of ‘home-front’ geology during the First World War.

Earliest geological surveys of the area
The earliest geological surveys of the area to establish the (detailed) geology were undertaken on the
coast, but these were not systematic. The coast is predominantly shale clay, which was locally divided
into four types, black, grey, jet and alum shales (identified by their contents). Here, ironstone was
found in numerous thin clay bands of ironstone, commonly called ‘dogger bands,’ in North Yorkshire,
and intermixed largely in the shale are ‘nodules’ of ironstone. Two significant seams of ironstone
became known to locals – the ‘main seam’ (which splits the shales ) and the ‘top seam’ which is about
40 to 50 fathoms (approx.. 240-300 ft or 75 – 90 metres) above the main seam, lying above the alum
shale. However at least three other thinner ‘dogger bands’ were know to lay below the main seam in
the black shales, and another in the sandstone that is above the top seam. The ironstone was largely
picked off the shore front (as nodules or cobbles) and shipped directly to Newcastle to be smelted.
William Smith mapped the area on his 1815 map, denoting the formations as as Clunch Clay overlain
by Iron Sand and Cornbrash. On his 1821 County map of Yorkshire the sequence is amended to
‘Clunch Clay and Alum Shale’, ‘Sand Rock and Grit Freestone of the Moors being over the Alum Shale’.
However Smith did not make any reference to ironstone or their workings.
Bird & Young 1822 & 1828 (2nd edition)
‘A Geological Survey of the Yorkshire Coast: Describing its Strata and Fossils Between the Humber
and the Tees, from the German Ocean to the Plain of York.’
The Rev. George Young (of Whitby) provided the first systematic description of the geology and strata
(rocks and fossils) of the region “in the order in which they occur, noticing the breaks, contortions,
and other phenomena which they exhibit; and stating their connection with each other, and with the
strata of adjoining districts, as far as it can b e ascertained.” Thus, Bird & Young subdivided North
Yorkshire into the following ‘formations’:
Oolite,
Limestone & Calcareous Sandstone
Second Shale,
Sandstone, Shale & Coal
Aluminous strata
After stating that the ironstone holds a conspicuous place in the ironstone and sandstone division,
Young states: "It appears to be partly calcareous, partly argillaceous, and has been ascertained to
yield 15 per cent. of iron, being collected for an iron-foundry at Newcastle." He does on: "the beds
are seldom more than 9 or 10 inches thick"
The thick, or main seam, is however pointed out in the section describing the Boulby cliffs, viz:
6. Main bed of aluminous schistus or alum-rock, 200 feet.
7. Imperfect seams or fiat nodules of hard blue limestone, mixed with alum-shale, 10 feet.
8. Hard compact alum-shale, 30 feet.
9. Ironstone in beds, or rows of nodules, interstratified with the shale, 15 feet;
Young says that estimates have been made of the proportion of iron, being "from 30 to 60 per cent.,"
an estimation which he remarks, "is perhaps beyond the truth"; so, that although he may be said to
have faintly identified the main bed, he attributed no real commercial value to it.

Adam Sedwick 1826 On the Classification of the Strata which appear on the Yorkshire Coast;
Annals of Philosophy, 11 (Article 5), May 1826
In the description of the district in question, our best geological authorities are at variance among
themselves. Mr. Smith identifies the alum-shale of the Yorkshire coast with the Oxford clay and the
coal formation of the moors and the limestone of the vale of Pickering, with the calcareous grit and
oolite of the coral- rag formation. Mr. Greenough refers the alum-shale to the lias, the sandstone and
coal formation of the moors to the great oolite, and the limestone of the vale of Pickering to the
coral-rag. Mr. Conybeare is inclined to identify the formation of the moors with the inferior oolite,
and the limestone of the vale of Pickering with the great oolite. A part of these discrepancies has
undoubtedly arisen from the anomalous character of the strata in question ; for there is obviously
great risk of error in attempting to bring into the same class distant deposits which are unconnected,
and bear little resemblance to each other. Notwithstanding these difficulties, I am disposed to think,
that a careful examination of a very small number of facts, in addition to those with which we are
now acquainted, would enable us to determine with certainty the respective places in the series of
English formations to which the strata on the Yorkshire coast are to be referred.
John Phillips 1828 ‘Illustrations of the Geology of Yorkshire’
Extracts from Tabular View of the Series of Yorkshire Strata to indicate the position of the ironstone
beds within Formations:

Description - Bed No. 14 is known as the ‘Top Seam’ and Bed No. 16 and the Main Seam’

The section at Kettleness (on the coast) indicates bed thickness:
here the ‘Top Seam is recorded as 4 feet and the ‘Main Seam’ as 20 feet.

Bird & Young 1822
“The ironstone holds a
conspicuous place in this series, is
hard and compact. It is red or
ferruginous without, and
extremely hard and compact. It
appears to be partly calcareous,
partly argillaceous, and has been
ascertained to yield 15 per cent.
of iron, being collected for an
iron-foundry at Newcastle. The
beds are seldom more than 9 or
10 inches thick; and more
frequently consists of nodules, or
flat intersected masses, than
continuous strata. The ironstone
is usually imbedded in shale,
which fills up the interstices
between the nodules or blocks…”

John Phillips 1828

Illustrations of the
Geology of Yorkshire
“Ironstone abounds on this coast,
and has been formally shipped in
large quantities to Newcastle.
Inland, ironworks established by
the monks informally carried on
near Rivleaux Abbey and further
up in Bilsdale, and in the valley of
Hackness. The principal
repositories of this mineral are
above the grey limestone and
below the upper layers or Alum
Shales. It is at present of no value
except as ballast.”

Geological Map of Cleveland

by J.A. Knipe Esq. (extract from Geological Map of the North of England) in Fordyce, W. (1860)
(Courtesy of Chris Toland)

Geological Map of the Cleveland Ironstone District
by Joseph Bewick (1861)
(Courtesy of Chris Toland)

Geological Section of the Cleveland Ironstone District
by Joseph Bewick (1861)

Principal Characters
John Marley,
Mining Engineer
‘Discoverer’ of the
Cleveland Ironstone

Joseph Bewick (the younger)
Agent, Grosmont Iron Mines
1816-1862

Nicholas Wood
Mining & Steam Locomotive Engineer
President, NEIMME
1795-1865

1823-1891

?
Discovery of the Rosedale Magnetic Ironstone
Marley (1857) recounts that around 1851 material was being sought in East Rosedale to mend the
roads. Traditionally, road material was ‘robbed’ from small quarries of suitable material - in this case
a quarry near to Hollins farm and the west side of Rosedale.
In 1853 Mr. W. Thompson, a collector and shipper of ironstone at Staithes, was in the area looking for
jet, and he noticed the ironstone in the roads. It was quickly realised that the material from the west
Rosedale quarry had magnetic properties and was high in iron content, so the quarry was extended
and a drift driven into the hillside.
The quarry stone was however, ‘unproved’ as to its extent or thickness; “lying in conglomerated
state, as though it were a disjointed and isolated batch, forming concentric rings on the hill end, and
not uniformly stratified in any one direction” (Marley 1857) – or was it? The drift extended 100 yards
with the same character and thickness as in the Quarry.
Local iron agent Joseph Bewick considered the magnetic ore might have a very different disposition
and origin, linked to the Cleveland dyke. Marley also considered the ore might simply lie along a fault
plane, as a small quarry about 400 feet above showed a similar conglomerated rock, although here
the ironstone was non-magnetic. Marley convinced himself the upper quarry was the ‘Main Seam’,
also found across the valley, though was open to being proved wrong in his conjecture. Nicholas
Wood, President of the NIIME considered the evidence suggested the magnetic deposit a bed.
What was at stake?
Main Seam ore proved iron content between 25 and 33% and sold at a price of about 8 shillings a ton.
Magnetic ironstone proved content between 40 and 50% iron, and would command a price of at least
10 shillings per ton.
Given the economic potential, it was of significant importance to ascertain the true position of this
magnetic deposit and whether it was a continuous bed or of casual occurrence.
It was a conundrum – but could it be solved?

Location of Rosedale Magnetic Quarry’ and Drift
From Marley (1857)

L

Nicolas Wood, 1869.
On the Deposit of Magnetic Ironstone in Rosedale.
Spons’ Dictionary of Engineering, Part VIII (Borings and Blasting), 501 - 512.

Current geological interpretation of the Rosedale Magnetic Ironstone deposit.

Locally, in the Rosedale area [SE 729 946], the Whitby Mudstone was deeply eroded into a series of
shallow ‘boat-shaped’ depressions, about 500 m long by 30 m wide (Marley 1870). The depressions
were filled with a distinctive Dogger lithofacies, a ‘magnetite’ ironstone (now shown to be a form of
ferric, chronstedtite spinel; Hemingway 1974) overlain by ferruginous sandstone (Fox-Strangways et
al. 1885; Rastall & Hemingway 1949). The iron ore probably represents a condensed, remanié
deposit of early Opalinum Zone times that was preserved locally in shallow depressions on the preDogger sea-floor.
Source: Powell (2010) Jurassic sedimentation in the Cleveland Basin: A review. ProceedingsYorkshire Geological Society 58 (1), 21-72

Rosedale East Mines
From Fearnsides (1917)

William G. Fearnsides (1917) THE SHORTAGE OF THE SUPPLY OF NON-PHOSPHORIC IRON ORE.
Lecture I Journal of the Royal Society of Arts 65, No. 3384, 743-754

AVAILABLE HOME SUPPLIES OF IRON ORE.
Output of Home Ironfields
During this, the first of the two discourses which I am to devote to the subject of iron ore, I propose
to deal more particularly with the known supplies of iron ore and shall take as my key the
quantitative data set out in the home office output returns in the chief inspector of mines report the
latest published years. In the table we have, by counties, the tonnage of iron or worked in the British
Isles during the year 1915. We shall consider items in this table in the order of the weights of pig-iron
which the ores wrought in the various counties might yield when smelted.
York - Cleveland. -First amongst the counties as a producer of iron ore stands the shire of the broad
acres, which, by reason of the productivity of the Cleveland district, has maintained the premier
position in this respect for more than 50 years. The working of the Cleveland Main Seam which forms
the topmost bed of the Spinatus zone of the Middle Lias, only began about 1850, but by 1856 the
tonnage report exceeded 1 million tons a year, and in 1876 the years output had grown to more than
6 million tons. The maximum productivity of the Cleveland district was obtained in the early 80s, with
6,000,756 055 tons in 1883, since which date until 1915 yearly output has never fallen below 5
million tons, so that the total tonnage one has passed 300,000,000 t. The all bed at its thickest (about
17 feet) in the district where it was first opened up at its outcrop near Eston Nab. Down dip and along
the outcrop and sickness varies somewhat irregularly, but on the average it becomes thinner in an
easterly and southerly direction. Over a total area computed at about 350 square miles there is said
to be an average of more than 6ft of workable ore. South of a line joining Robin Hood’s Bay to Thirsk,
inconvenient partings of hard shale come in the middle of the ore, and subdivide seem so that all in
the district south of Kildale the seam is so split that the working of it is unprofitable. Some five and 20
mines employing nearly 10,000 men are now at work in the Northern district, and it is very probable
that in these mines the winning of the all reserves already proved and opened up could find
employment for almost twice the number of men who are now engaged, and that with such
additional skilled labour the output of the minds could be proportionally increased.
Underlying the Main Seam, and separated from it by a hard shell it varies from little more than a
parting to a rock mask several feet thick, occurs the Pecten seam, which is of greatest economic
interest in southern Cleveland about Grosmont and Rosedale, where the Main Seam is so split up by
partings has to be unworkable. This Pac10 seem there is in thickness from about 2’6” to to 4’6” feet
six inches adding quality is not inferior to the Main Seam. About a score of feet below the a group of
beds known as the Avicula Seam, also of good quality that of irregular thickness, underlies the whole
of the Cleveland district, and has been exploited at a few localities.
In addition to the ironstones of the Middle Lias series, the basal bed of the overlying by Bajocian
Series known as the Cleveland Top Seam or Dogger Ironstone, has on occasion been worked along the
valley of the Esk. In former days this seam proved specially valuable in the Rosedale mines where it
was known as quote the “seam of the district.” Generally, however, it’s all is to siliceous to be much
in a request among Cleveland ironmasters. The circumstance that the quality improves and the
thickness increases southwards, just, where the other seams are dying out, suggests that by boring

further to the south and east valuable reserves of workable or maybe discovered beneath the cover
of new rocks within the district drained by the River Derwent.
As mined, Cleveland or is generally blue or green-grey oolitic rock, in which the carbonate of iron
occurs as oolitic grains. In the analyses silica is shown to fall at least 8%, and on occasion up to about
20% of the Rock, but the bases, more especially lime and alumina, are also present in such proportion
that the or is almost self-fluxing. The sulphur percentage is not high, averaging about 0.1; but
phosphorus is moderately abundant, and if the pig-irons which Cleveland or yields when smelted with
Durham coke are to be made into steel, the ”basic” process is needed for its refining. It is worthy of
note that the famous Thomas and Gilchrist basic process, which is the basis of all the modern German
practice of steelmaking from pig-irons smelted from Lorraine ores was invented and perfected at
Middlesborough between 1877 and 1881 for the purpose of converting Cleveland pig-iron into steel.
In Great Britain the process has been taken up much more slowly than on the continent partly
because our engineers are conservative in their practices and have been very suspicious of the
reliability of any except acid steel, and partly because in this prejudice they were encouraged by
ironmasters write vested interests both in the plant required carrying on the acid process and in the
minds from which haematite or is wrote. In recent years, however, it has been generally recognised
that the best-grade haematite or is becoming scarcer, under fresher impulse has advice being given
to the basic steel industry of the Cleveland district; and at the present time the guy made from
phosphoric Cleveland ores almost without admixture is being converted directly into steel on a very
considerable scale. The average iron content of Cleveland ores is about 30%, and, seeing that the
average value of the ore at mine was in 1915 only five shillings and four pence per ton it seems
probable that Cleveland is one of the districts to exclamation may look for an increase in production
of cheap iron or in this time of need. It may be noted that between 1912 and 1913 the output of all
from Cleveland was increased by 852,000,360 tons. In 1910 Professor Louis estimated the available
ore reserves of Cleveland at 3,000,000,000 tonnes.
Additional to the 4,746,293 tons of ore produced by mines in Cleveland, a further 51,321 was
obtained from open quarries working the outcrop of the Cleveland main seem and there is also the
item 23,851 tons of or noted as wrought from mines which are also working coal in the west
Yorkshire coalfield.
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