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ABSTRACT .

The Upper Lias of Yorkshire as represeﬁted to the north and
west of the Peak Fault, is a phase of deposition of argillaceous
sediments unaer varying physical conditions. The Grey Shales are
shallow water deposits which pass gradually but rapidly into the
finely laminated, bituminous shales of the Jet Rock, which were
laid down under 'Black Sea conditions', but in water much s
shallower than the Black Sea. As the basin was gradually filled
up during Bituminous Shale and Hard Shale times, its floor rose é
into the zone of aerated water, when the poorly bedded Alum ?
Shales were deposited. Thes sedimentational conditions were
interrupted by the deposition of an argillaceous limestone at
the end of Jet Rock times and by several beds and rows of massess
of siderite mudstone, at varying horizons during subsequent .
zone-moments.

The best 'hard' jet is found only in the Jet Rock, and is

entirely composed of collapsed and compressed wood structures,

soaked in humic substances resulting from the decomposition of

the original wood. Annual rings, medullary rays, tracheids,

bordered pits, stem bases and bark are all recognised in the Jjet.
Some specimens of jet are silicified along a central zone, and
here the wood structure is well preserved in an uncrushed state.
Within the jet are frequent rows of included quartz grains and
oOther minerals, which had become wedged into cracks in the
wood before sedimentation.

Whitby jet is the altered ermains of coniferous wood washed
from tre Liassic land surface into the Yorkshire Basin, where
it became waterlogged and sank. The dominating factors in the
subsequent jetonisation were the conditions of reduction and
stagnation in the deeper parts of the VYasin dgring Jet Rock
times. These conditions caused the formation 6f:a fine, black
viscous mud which, togéther with the absence of oxygen due to

the same reason, controlled the decomposition of the wood and



limited it to a unique and prolonged breakdown of organic con-
stituents. Asa result the wood which was in the form of. stems
and trunks, was reduced to a pulpy condition. The constant
slow deposition of muds caused the stems to be much flattened
and to assvme theform in which they are noﬁ found.

The inferiof varieties of Jet are due to formation in ﬁﬂre
oxygenated conditions of sedimentation, and probably tora greater
degree of aerobic decomposition before incorporation in the

argillaceous sediments. The increased amount of oxygen would

cause decomposition to follow a more normal course.
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I. GENERAL.




INTRODUCTION.

Jet has two inseparable associations in the mind of the
layman. The first is with the town of ¥Whitby, where as a raw
material for a now decadent industry, jet assumed considerable
economic importance during the latter half of last century.

The second is with "jet-black", a word which is to be found
in all types of literature,denoting a depth of colour and rich-
ness of tone that is surrassed by no other black material.

Jet must rank amongst the oldest of materials of econonic

importance in the British Isles. It was held in high esteem by
Neolithic Man, who carved it into ornaments which were later

buried with their owners. Rings, toggles, rough jet, and more

particularly, beads and necklaces, have been found in such ,

numbers in the tumuli of Cleveland and the Wolds as to show

that a jet industry of sorts was an established fact in Neolithic
times. It has been said with some justification, that the carvingg
of jet should be ranked with the making of pottery as one of

the earliest of British industries.

Vith the coming of the Romans, jet played a part in the

domestic life of the conguerors. In the Roman Museum at York

are examples of ornaments found in that city. The finding of

Pieces of rough jet suggests that it was brought from the coast
in this stateand carved in York itself into numerous articles, |
especlally pins of distinctive workmanship and design.

In later times, the manufacture of rosary beads, crosses

and crucifixes of jet appears to have been quite common down to |
the time of Queen Elizabeth. There is an entry in the Rolls of
Whitby Abbeyof 1394, "For seven rings to Robert Car of jet 74"
The name of John Carlill, "jet-worker", occurs in a deed dated

1598. still later, in the North Riding Records, the occurrence



of the names of Whitby men desctibed as "jeators" or jet workers,
proves that the trade was still carried on to some extent.

It was not, however, until the first half of last century
that the jet trade began to assume any commercial importance.
Its growth was at first gradual, but by 1850 we find, in a
guide book, that "Whitby has become that head of the trade in
jet ornaments, which are manufactured and sent throughout the

country in considerable ints.® In the following year, 1851, a
(gﬁgber of jet exhibits were sent to the Great Exhibition held
in London. This brought jet to the notice of a larger public
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and gave a decided fillip to the trade, with a result that from %
1850 to 1870 the it trade developed to a remarkable degree.
Drawing classes were set up "with a view to introducing a larger

and more correct knowledge of the true principles of taste :

4

into the jet manufacture." Exhibitions were held, competions
promoted, prize moneﬁhonatedby local gentlemen, and "jet-shops',
(i.e. workshops) sprang up with great rapidity. In the seventeen

years following 1856, Bower has estimated that the trade more
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than quadrupled itself. Ip 1873 the jet industry was at its
prime. It employed froml500 to 1800 men in Vhitby, and the
trade realized £90,000. The manufactured articles were known,
not only throughout the country, but were also exported to
Europe and the United States. The amount of jet worked must

have been enormous. The basic designs for the articles were

chiefly natural objects, fruit, foliage, flowers, executed with
greal skill. Massive brooches, necklaces, pendants, bangles,
chains and trinkets of every sortwere produced by the thousand.
But the reaction was soon to set in, and since 1873 the jet
trade has gradually declined tb its present position. The
workers sought employment in other branches of industry. By
1883 the number of men employed in the trade was 600, but in
the following yearit is said to be scarcely300. By 1901 the

numbers had fallen to 174, and by 1921 not more than 40 men were



engaged. At the present time only twelve menare employed in the

carving of jet.

The causes for the decline of the jet trade are many.

During prosperousqtimes inferior jet was used, which was brittle
and difficult to work. Ornaments made of this material chipped
easily, causing disﬁappointment and dissatisfaction, and doing
infinite harm to the trade. The imported French Jet was espec-
ially liable to chipping, and was worked in a bed of sawdust and
paraffin in order to minimise this danger before the article
left the worker's hands.

The fact that the manufacture was largely in the hands of
men, several of them sharing a workshop and requiring few and
inexpensive tools, each working on his own account, buying the
raw material as he needed it, and selling his output at the

end of the week to a dealer, prevented any aggreement as to

quality, or the enforcement of any regulations protecting the
industry.

Probably the main reason contributing to the decling was
the chenge in fashion from the large articles of jeweliryho
those of smaller dimensions, and the failure of the local

manufacturers to adopt styles and patterns thut would meet

with the altered demands of the market.

The trade has also suffered from imitations made from glass,
vulcanite cannel coal, and other materials, which were sold
under the name of jet. Article%made of these materials, although
not so light or beautiful in appearance, were cheaper and less
likely to suffer damage. )

The outlook for the future of the jet trade is very depress:
ing. No young men are entering the trade, and the demand for
the manufactured articles is only that created by the visitors

to the town in summer. Like other Whitby industries, the glory
of the jet trade is only in its past.



THE MINING OF JET.
There is little doubt that the greater part of the jet

carved into ornaments was, until well into last century, picked

up on the sea shore , where it had washed from the c¢liff expos-
ures, or from the submarine outcrops. It is considered,
however, that the Jet Rock was systematically worked in a series
of bell-pits round the base of Roseberyy Topping in Neolithic
times. Except for this, no mining for jet is thought to have
taken place until the third or fourth decade of the nineteenth
century.

That the jet industry depended for its raw materizl, in
the first instance, upon jet collected from the shore, is
undoubted. As late as 1876, Tate and Blake Writery"...it has
only of late years ceased to be worth while to walk along the
shore to look for it (jet)". With the exhaustion of this as a
source of supply, attention was turned to the Jet Rock. Bower
'states7that "It (Jjet) was formerly obtained in the largest
quantity by working 'in the cliffs, by a process called 'dessing}
(very dangerous work), that is by clearing away and hewing
down the cliff sides till jet-ends protruded; the seams were
then followed until exhausted." This mode of working did not
persist, and was eventually replaced by 2 more conventional
method. Parkin describes it as follows?f“This drift six feet
high and three or four feet wide is driven in from the outcrop;
when these drifts are advanced a few yards, side excavations
are made, and the systematic search for jet cotmmenced. The
shale over the roof of the side excavations is hewn or wedged
down, serving as a platform to work on, and the whcle thickness
of the shale is then explored in a fashion somewhat resembling
a combination ofi longwall in coal, and of stoping in lead and

other metalliferous mines. While the preparatory drifts are

being driven, the shale has to be conveyed outside, but in the




PLATE 1.
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Jet Rock shale tips along the Cleveland escarpment
and in the inland dales.

l. Carlton Alum Vorks and slhale tips.

Q o Upper Ralsdale.

S« Tripsdale, near Bilsdale.



regular course of working most of it tossed back, and as little
taken out of the mines as possible, horses and lads hardly
ever being required. YVhen a discovery is made, the deposit

is carefully followed up and excavated in as large pieces as

possible; sometimes weeks will elapse and no Jet be found, while

occasionally exceptional luck is met with, and a great quanitiy =

got in a few days."
By the use of this method of mining, the Jet Rock was <~

exploited in many of the dales of Cleveland. The entrances
to the workings are now usually closed by the collapse of the
walls or roof, but the greyish-white heaps of weathered shale
mark the positions of the o0ld drifts, and of the horizon of
the Jet Rock. They are to be found in Iburndale, Glalisdale,
Westerdale, Rosedale, Farndale, Bransdaley Bilsdale, and 1its
tributary dales, Tripsdale and Raisedale. For the greater part
0of the distance from Cod Hill, near Guisborough, to Osmotherly,
~about 20 miles, the Jet Rock may be accurately traced by means
of the tips of shale along the western scarp of the Cleveland
Hills. h

Along the coast, the Jet Rock has been worked from Robin
Hoods Bay to Saltburn, wherever it is accessible, but unless
they are at sealevel the workings are collapsed or covered by
debris from the cliffs above.

No minig for Whitby Jjet is carried on today. What little
1s used by the jet workers is obtained forom the o0ld source,
the seashore, where it may still be founa in small quantities
amongst the sea-wrack. A 1littleis also obtained by men who
walk along the seadekvel Exposures of the Jet Rock, and remove

any Jet exposed by a recent fall of cliff. There is, however,

no systematic working of the Jet Rock.

t




HISTORICAL REFERENCES TO JET. -

References to jet in the literature of the past are not
wanting. Pliny the Elder, in his "Natural Historijrefers to a
material 'Gagates', which is usually considered to be jet, in
the following way. "Gagates is a stone, so called from Gages,
the name of a town and river in Lycia.... It is black, smooth,
light and porous, and differs but little from wood in appearance.
is of a brittle texture and emits a disagreeable odour when
rubbed." Gagates, as described here is not the same material
as Whitby jet, which 1is neither brittle nor porous. This
discrepancy, together with the fact that 'gagates differs but
little from wood in appearance!, suggests that the material that
Pliny described was a lignite, probably partly jetonised, but
not comparable with Whitby Jjet. It should be remembered, however{
that some poor jets occurring near Whitby are very brittle,
as well as 1s some Spanish jet. Tate and Blake writgt "Whether
or not this (gagates) was the same substance that is found at
Whitby is difficult to say; several shining black substances
may have been confused under the same name." In all probability
the gagates of Pliny was either jet of inferior quality or a
partially jetonised lignite.

Vegetius Vetutus refers to jet in his works, and Caius

Julius Solinus (fl. 3rd. century) alludes to jet as being found
in Britain.

The first reference to jet in English literature is to be

P

found in Bede's "Ecclesiastical History of the English Nation",

where he states "It (England) produces a great deal of excellent

jet, which is black and sparkling, and burns when put in the

fireeees"

Apparently Bede ahd Pliny remained the only authorities
on jet for a considerable period off time. Until about 1600
all references to jet, as for example,.in the "Chronicles"

of Henry of Huntingdon (¢.1100) or the "Lapidarium" of Marbodus




may be traced to either Bede or Pliny, the later historians

using not only the few facts but also the phrases of the earlier

recorders.

In an 0l1d book on Yorkshire, written in 1610, is to be found
one of the earliest, if not the first reference to Whitby Jjet.
".o.enear Moulgrafe Castle... is found black amber orﬂjette;
some take it to be Gagates, of o0ld times a Gemme and a precious
stone of great estimation." Mulgrave Castle is at Sandsend,
three miles from Whitby.

Barly in the seventeenth century, Camémn, translated the
Lapidarium of Marbodus, which was written i lLatin verse, and

some five lines of this translation are the most often quoted

of the early references to jet.

"Jeat stone almost a gemm the Libyans find;

But fruitful Britain sends us wondrous kindj;

'Tis black and shining, smooth and ever light;

I Twill draw up straws if rubbed till hot and bright;
Oyl makes it cold and water gives it heat."

iy

’d
Fox~Strangways erroneously states in the Survey Memoir

that the Saxon poet, Caedmon, who lived and died in Whitby

Abbey, wrote these lines, and this has been repeated in several

works. No works of Caedmon are extant, and the error is doubtless

due to the similarity between the names Caedmon and Camden.
Drayton, in his Poly-0lbion, a long poetic topography of

England, published in 1613, writes;-

"The rocks by Moulgrave too my glories forth to set,
Out of their crannied cleeves can give you perfect jet."

There is among the Harleian manuscripts an account of the
voyage of Don Manoel Gonzales, a Portuguese merchant, to Great

Britain in 1730, who speaks of Jjet, geat or black amber as

being found in various places in Yorkshire "in the chinks and

reddish
clefts of the recks,"” "It is," he adds, “of a ss=bmg or

rusty colour, but when polished, a shining black."




REVIEW OF EARLIER WORK.

With the opening of the nineteenth century, the records
and references to Jet take on a more descriptive character,
the authors at the same time putting forward some suggestion
as to the origin of the material. Three differing opinions were
held by the various schodls of observers, as to the origin
of Jet, and the contesting views were maintained with great
conviction.

The first of these treories was simply that jet was wood
that had been incorporated in the shales during sedimentation,
and which had eventually decomposed and changed in charactler
so as to become jet.

The second group of observers appears to have been impressed
by the strong bituminous odour of the Jet Rock shales when
they are broken, and by the apparent homogeneity of jet when
fractured. It was thought that pieces of jet represented
segregations of bitumen in the shale, which had collected in
various places, and later hardened in the shale to form Jjet,
"a process which may undoubtedly be now going on."

The third treory was an attempt to bring the two contesting
views together, and as a result, was something of a compromise
between them. It was considered that bitumen, flowing through
the shales, had replaced the wood which occurred in the shale,
bitumen being substituted for the decayed matter in the wood.

It will be seen that the opinions put forward as to the
origin of jet all falyﬁnto one or_other of these: three groups,

usually into one of the first two.
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One of the earliest opinions as to the origin of jet was that

7
of the Rev. E.Blomfield, who in 1807 stated that "Jet seems

nearly allied to coal, and particularly to that species called
canal (i.e.cannel) coal. From which, however it is easily
distinguished by its lightness, its electrical properties,

and its being composed of fibres parallel to each other, like
those of wood. In fact, it seems to be wood..." It was exactly
one hundred years later that this observation regarding the rela=

tion between jet and cannel coal was proved to be true, by

German investigators.
50

In 1817, Young in his "History of Whitby" cited a considerabl
amount of field evidence, which he considered sufficient to
prove the ‘'ligneous' origin of jet. These observations were
also recorded in 1822 1n_"ALGedlogical Survey of the Yorkshire
Coast" by Young and Birdt and had they been better regarded
the controversy of the *bitumen theory' as opposed tothe
'ligneous theory' which lasted during the whole of last century
would have been averted. These authors observed that jet "oc
"occurred in the ‘form of flattened branchesor trunks of trees,"
with "often branches diverging from the principle mass". They
were the first to note that "the transverse fracture...displays
the annual growths in elliptical zones", and also that Jet
sometimes occurs "with a core of 8iliceous wood." The relation
between jet and cannel coal was also commented upon.

Sectioning of jet was carried out by W.Nicol, who fublished
his results in 1834:%He sectioned a specimen which was partly
Silicified and partly jetonised, and found that the silicified
material "displayed distinctly the conifyfous reticulated - .r
structure, while the jet showed "the same blackish zig-zag

C
lines which oecur in every transverse setion of that bitumen."

Nicol had no doubt as to the derivation of jet from coniferous

wood .

In the third edition of John Phillp's "Illustrations of
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the Geology of Yorkshire", published in 1875, the author shows
no doubt, in his opinion as to the material from which jet is

derived. "#t (jet) is simply coniferous wood, and in thin o~

sections shows clearly the characteristic structure".

The work of Young , Phillip’s, and Nicol, based essentially
on careful observation both in the field and in the laboratory,
firmly established the '1igﬁeous theory! of the origin of jet
for twenty or thirty years following the publication of Young's
work. With the extensive ﬁiﬁing, however, during the second
half of thé-nineteenth.century, the bituminous content of the

shales of the Jet Rock was observed, and the 'bituminous theory’

gained considerable hold.
pIvrs

Thus Martin Simpson, in 1868says, "It has been very generally
concluded that jet is of ligneous origin, but this opinion is
supported neither by chemical analysis, nor microscoplic ohserva-
tiones... It is not unlikely that vegetable matter may have
become jet, for we find wood and the scales of fisheqbonverted

into something like it; but it is far more probable that the

best Jet is an aggregation of bituminous matter, which abounds
in the Jet Rock of the ILias."

“*7

Tate and Blake in "The Yorkshire ILias" (1876) adhere to this
Yiew, stating that "It (jet) is the result of the segregation
of bitumen in the shales, which allowing to a certain extent the
access of air, has hardened it into jet".

A.G.Lebour, Professor of Geology at Newcastle-oﬁ Tyne,
commentiné'upon a paper on "Jet Mining" in1882f?sh0wed that he

strongly favoured the bitumen theory, while Fox-Strangways ,
5

in "The JUrassic Rocks of Yorkshire" (1892) considered that
forest trees incorporated in the Jet Rock shales during
sedimentation “were subsequently convertrd into bitumen, which

became diffused through the neighbouring shales, or occupied

cavities in them; where it is now found as jet , often occurring

as pseudomorphs of organic remains.t



e
The opening of the twentieth century saw a revision to the
e

ligneous theory. Following the method used by Nicol, Seward

sectioned specimens consisting partly of silicified wood and

partly of jet and concluded that jet originated from the
alteration of coniferous wood, and in part, at least, of wood

of Araucarian type.
1 . Y
In 1906, Speilman, in a paper "on the Origin of Jet",

concluded from the evidence of Seward and Gothan that jet was
formed from coniferous wood, and suggested some ways in which
the alteration may have been brought about. Two years later

he brought forward evidence from chemical investigations con-

ducted at Zurich, for the classification of jet with cannel

coal.

'

E.H.Cunningham Craig, in "Jet and Jetonised Material" (1927),

’
a paper dealing primarily with the value of jet as retortable

material from which o0il could be obtained, showed that vegetable
structures were not obliterated entirely in jet, and in thin
sections identified the medullary rays of the original wood.
Von Hans Klaehn, of Rostock, in a paper "On Animal I
Incrustations on Wood From the Swabian Posidonémya Sea", E=

describes pieces of wood, generally jetonised, always rather

compressed, “"the woody character of which is not to be doubted."

Some smaller specimens are however, considered by Hauff to
be, not altered wood, but concretions of foul mud, "Konkretionen
von Faulschlamm", |
The v#gueness and inaccuracy which surrounds the topic
of jet may be shown by a quotation from a recent publication.
.

Dr.W.J.Arkell, in "The Jurassic System in Great Britain",

(April 1933) writes, "Jet/occurs in lumps and lenticles....It

is believed to be a product of waterlogzed wood, so thoraoughly

altered that all traces of structure have been obliterated'.
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This piece of work has been undertaken to investigate into
the true nature of Whitby jet, as far as is possible by
petrological and chemical methods, and to determine under what
conditions of sedimentation the material which was to be changed
to jet was laid down. A petrological investigation into the Jetl
Rock has been conducted with a view to determining sedimentation-
al conditions during the time of its deposition.

Since jet of = poorer quality is also found in other parts
of the Upper Lias of Yorkshire, as well as the Jet Rock, a
petrological investigation, though to a less detailed degree,
was carried out upon the remaining beds of the Upper Lias,
in order to determine what changes in deposition occurred
during later Whitbian times which resulted in a different q
quality of jet being preserved,

Jet Irom other localities and horizons, both in Great Britain?
urope and North America, has been examined, and comparisons

made with the type material, ‘hard' Whitby jet.



I1I. THE UPPER LIAS OF YORKSHIRE.



(1) RANGE AND EXTENT.
The Upper Lias of Yorkshire consists of about 200 feet
of shales overlain nonsequencially by the Dogger, or the lowest

bed of the Inferior Oolite, which has in places cut through
the Dogger and into the Alum Shale below.

The most south-easterly exposure in Yorkshire is at Peak,

Ravenscar, where on the downthrow (east) side of the Peak fault
the uppermost Whitbian and Yeovilian beds are fully developed.
To the west of the fault the upper Whitbian and Yeovilian are

—— e emammg— - = = e = —

missing, and this paper deals with the remainder of the Whitbian

as developed over the rest of Yokkshire. The fault throws the

top of the Alum shale to about 750 feet above sea-level, from

o .

which height it gradually dips northwards, being wekl exposed

ﬁi rr——r [ —

on the coast between Hawsker Bottoms and Whitby.

——
naby

TR S——

The Whitby fault throws the Upper Lias shales below sea-

level, but at Sandsend they rise above sea~level again and

occupy the greater part of the shore and cliffs for the next

5 miles, as far as Port Mulgrave, below Hinderwell. Here the
shales finally leave the shore, and rise into Boulby cliffs,

the top of the Upper Lias being here almost 660 feet above

sea=-level.

At Huntcliff, near Saltburn, the shales swing inland, and

the outcrop follows a south westerly direction for about ©

miles to Roseberry Topping, where it turns southwards, and
occupies a part of the great scarp which bounds the Cleveland
block to the west. Near Ingleby Greenhow the scarp turns sharply
to the west, influenced by the elongated Cleveland dome, and
after continuing in this direction for about ten miles, again
turns south. The beds are here dipping southwards, and south

of Osmotherley to Market Weighton, the Upper Lias is seen only
in small isolated sections.

The Cleveland dales, cut by streams flowing off the Cleve-

land dome, provide another series of exposures of the Upper
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Cliffs and shore at Loop Wyke.

PLATE 2.
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PLATE 3.
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areater Fryup, a typical Cleveland dale.

l. TLooking downstream.

<+« Fryup Head and 'tle Hills',

due to slumping.



-16-

r

Liags. Six dales drain northwards to the River Esk in Eskdale.

From west to east thede are Baysdale, Westerdale, Danbydale,
Great and Little Fryup, and Glaisdale and Iburndale. Four
larger dales drain southwards:-~ Bilsdale, Bransdale, Farndale,
and Rosedale. These valleys cut through the Inferior Oolites
of the moorlands, through the Middle and Upper Lias into the
Lower Lias, which usually floors the dales.

The beds of the Upper Lias being comparitively soft, form
few natural exposures. On the coast they are well exposed between
low and high water mark, but above high water level they weather
quickly and are covered by shale screes and vegetation. In the
inland dales, the beds are only naturally-exposed in streanm
sections, frequently in steep-walled shale gorges at the heads

of the dales.

The Alum Works, which are found along the coast from Peak |

to Saltburn, and along the inland escarpmeht from Guisborough
to Osmotherley, doubtless provided -excellent exposures of the
lower Vhitbian shales in times past, but today they are largely

covered by vegetation and talus.

Similarly the jet workings provided exposures of a part

of the Jet Rock, during the last century, but today they are
covered, the excavations being flooded or collapsed. Although
the position of the tips from the old jet workings enables the
Jet Rock to be accurately mapped along the Cleveland escarpment

and in the dales, nevertheless, actual exposures are few, and

difficult of access.
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LITHOLOGICAL DIVISIONS.
The Upper Lias of the Yorkshire basin in a thick series
of shales totalling about215 feet at Whitby. It has been estim-
ated, however, that there are nearly aﬁother 120 feet of superior
shale deposits belonging to the Upper Lias, which are only
found to the south and east of the Peak fault, as well as almost
90 feet of sandy beds also belonging to the same formation.

The deposits are divided into two stages on palaeontological
evidence - the lower one, Whitbian, in which planulate ammopites
of the communis type are very abundant, and an upper one, the
Yeovilian, in which these planulates are not found. It is only
intended to deal with the lower of these two divisions, the 7
Whitbian, excluding from it also, the two upper zones of

varlabilis and 1illi, fond only south of Peak, where they com-
prise the Peak Shales. The shales discussed here will be only

those of the Upper Lias occurring to the North and West of the
Peak fault, the highest zone being braunianum, the Cement Shales

of the Geological Survey.

The old lithological division of the Upper Lias was three-
fold :+ Alum Shales, Jet Rock, and Grey Shales, with sometimes

a fourth division, the Hard Shales. The use of these terms,was,
however, extremely loose. In some cases the Alum Shales included
all the strata down to the Jet Rock, (Martin Simpson), but in
other cases the Bituminous Shales were placed with the Jet

Rock, and not with the Alum Shales (Tate and Blake).According

to some authors the term Jet Shales includes all the gtrata

from the base of the Jet Rock to above the Ovatus band. The

term Hard Shales was sometimes used , and applied to the bed
of shale immediately above the Ovatus band, sometimes to the
Bituminous Shales, and Sometimes to both. In 1915. however,

Fox-Strangways and Barrow, in "The Geology of the Country

Lo
between Whitby and Scarborough', divided the Whitbian (excluding

y



the zones of variabilis ~nd 1i111i) , into the Cement Shales,
Main Alum Shales, Hard Shales, Bituminous Shales, Jet Rockand
Grey Shales, and did nuch to simplify the then confused nomen-
clature. These lithological divisions and terms, will, on the
whole, be maintained here, although some slight modifications
will be suggested.

In his recentwork: Dr .Arkell has reverted to the threefold
lithological division, including the Main AJum Shales and Hard
Shales of Fox-Strangways and Barrow in the Alum Shale Series;
the Bituminous Shales and Jet Rock are grouped together as the
Jet Rock Series, and the Grey Shale Series is the same as the
Grey Shales of Fox-Strangways. This was the same classification
as was used by the Geological Survey in 1892, and there seems
~1little justification to revert to it, especially as the author

himself hag discarded it.

CORRELATION OF PREVIOUS SECTIONS.

The easy accessibility and clear definition of the various
beds of the Upper Lias, by wvirtue of the 'indurated bands',
- on the Scaur, or shore, between Whitby and Saltwick, a mile
to the south-east, led to their being measured at an early
date by Martin Simpson, the Curator of Whitby Museum. "Being
convinced by observation,"he wrotein 1868fs"that s few species
of Lias fossilghad existed during the deposition of any great

thickness of strata, I carefully measured, with a two-foot

rule, all the beds and seams of the I.ias both to the south and
north of Whitby, and at the same time collected fossils fronm

each stratum."
In 1875 Phillips published a series of measurements of the

Scaur section, as did Tate and Blake in the following years

i3
and Fox-Strangways and Barrow in 1882. These were followed DY

“ip
a revised section by Simpson in 1884.

The differences in the sections of the four authorgfvere so
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greatthat in 1892, Fox-Strangways states "It is generally 1

— e — —— gy — - ——r ——

impossible to compare the measured sections of different authors?!

He suggested that it was due to "the fact thaq&he beds do not
preserve a uniform thickness and that the different atthors
did not measure their sections in the same place". It can be
shown, however, that the variation of thickness of the beds

in such a limited locality is only small, and since .the indiv-

idual beds are accessible only in a few places, it is suggested

that the discrepancies are due not so much to the reasons given

above, as to estimations being made in some cases, instead of

actual measurements. It has been found that the sections of the

earlier authorshre, on the whole, more accurate than the more
recent Geological Survey measurements.

In 1892, Fox-Strangways, dissatisfied with the existing

measurements of sections, published anotherwhich formed the

basis for the section in the 1915 Survey Memoir. The writer has

measured with a ten- foot rod all accessible sections of the
Upper Lias in the vicinity of the Scaur, Whitby, and Saltwick

Bay, and the results differ, in some casges condiderably, from

the more recently published sections.

A correlatioqbf the previous sections has also been attempted

and from it some of the difficulties stated by Fox-Strangways
can be Egxplained. Undoubtedly Simpson miséed out one 17 foot
bed from hid section, the lowest bed of the Main Alum Shales,

probably because of a small syncline which crosses the scars,

and confused his measurements.

The section of Tate «nd Blake is difficult to correlate,
since the authors have measured the upper beds of their
Ammonites serpentinus zone, (lower Bituminous Shales), on the
soutr-east side of the Peak fault, probably because those beds
only occur on the flat Scaur at Saltwick, where they cannot be
measured. The lower part of the Bituminous Shales , on the

downthrow side of the Peak fault, is, however, not typical

pln T T T R——— T T T
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of the remainder of the Yorkshire coast, and the inclusion

0f these measurements therefore renders their section

incorrect.
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(2) THE GREY SHALES.

The Grey Shales os Zone of Dactylioceras tenuicostatum, are
exposed at Hawsker Bottoms, Keldhowe.Steel near Sandsend, and
Rosedale "yke, and they vary little lithologically from the
Middle Lias shales below them. They are soft,grey,micaceous
shales, caarser than the Alum Shales, and usually about 30
feet thick. Only two features are worthy of note.

Thin sandstones are recorded in the lower part of these

beds by Tate and Blake, occurrbing in the banks of the Murk

Esk, near Grosmont. In the field these do not form a conspicuous

feature, appearing as rather coarser beds of micaceous shale

4 to 6 inches thick. Microscopically the arenaceous nature

- il -— e T i ——— -— -_—o -

of the rock is readily discernible. Some sections of this coarse |

bed show marked rhythmic deposition, each indivual band being
about 0:2 inches thick. The base of each rhythmic deposit is
made up almost entirely of comparitively coarse guartz grains,
with abundant large flakes of muscovite, some iron pyrites,
argillaceous material and organic matter .Towards the middle

of the rhythm the rock becomes darker in colour, until at the
top it is a dark brown, due to a large percentage of organic

eye.

matter. False bedding is easily discernible to the naked, when

the rock is sectioned, and in one case, the coarse grained
deposit at the base of one rhythm cuts down btnto the organic
layers which mark the end of the preceeding ;;thmj

The second feature is the presence of the rows of
"ferrugineo-argillaceous limestone nodules" occurring in the
lower half of the zone. These concretions, which yield the
zone fossil as well as belemnites, are remarkable in that the
distribution of the pyrites in them is unusual. In typical
pyritous nodules this skin is confined to the outer quarter

inch of the concretion, but in these 'dogzers' it forms a

band or sphere rarely more than a quarter inch thick, but

always about an inch from the outside of the concretion.




Microscopically the only other difference between the nodules
of the Grey Shales and typical pyritous nodules of the rest
of the Upper Lias is the presence of an increased amount of
pyrite throughout the main body of each nodule of the former
group.

Variations in thickness of the Grey Shales is recorded
by Tate and Blake, but no regular variation in any direction
can be determined. The maximum thickness is 40 feet at Staithes,
witha minimum of 25 feet at Glaisdale and at Whorlton Hill,

a faulted outlier to the west of the Cleveland scarp. The

thickness recorded at Hawsker Bottoms is 36 feet.
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(3) THE JET ROCK.
Zzone of Harpoceras exaratum.

The Jet Rock, whicl was first named as such by Martin
Simpson, was subdivided by the Geological Survey into five
beds. These subdivisions have been maintained here, though
modifications have been made in the description of the beds
and in the measurements. The measurements of the Geological
Survey "were taken from an exposure at Hawsker (Bottoms) and
to the north of Sandsend, since the greater part of the Jet
Rock is always below sea-level at Whitby: Thegse two localities
are, however, separated by a distance of over 6 miles, and

since variations in thickness do occur, it scarcely seems
justified to make up a section at Whitby from the averages of
the Hawsker and Sandsend measurements. At Hawsker Bottoms the
Jet Rock rises rapidly into the cliff and is not easy to measure.

On the north side of Sandsend Ness, in a small bay known as

Overdale Wyke, the Jet Rock is excellently exposed. By reason
of the gradual dip to south-east, each of the beds may be e E

i
examined and measured accurately, and because of this it is j
|

proposed to take this Overdale Wyke section as the type section

of the Jet Rock, and refer to it as the Overdale section. The

exposure here 18 also the only one where measurement of all 3
the beds of the Jet Rock can be made satisfactorily. -

The section of the Jet Rock as measured at QOverdale is 4

as foldbows: -

i —— mam m_. . d

ft ins |
18. Top Jet Dogger . . . . 4 |
I
19. Hard dark shales . . . : 9 6 |
20. Line of large ellipsoidal nodules
some distance apart* " . . .
21+ Shales with several rows off small
pyritous doggers,yi.e.nodules. N 7 O
22. Hard dark laminated shales . . 10 6 1
28 1



PLATE 4.

——

Photos: J.E.H.

le. Type Section of Jet Rock, Overdale Vyke.
2. One of the line concretions in the Jet
Rock, slhowing mass of 'pseudo-conglomerate!

(white), in centre of nodule. This

concretion is one foot thick. Sandsend Ness.
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The numbers given to each bed are those used by the

the Geological Survey in the 1915 Memoir inthe "Section of
the Whitbian."

Lithology of the Jet Rock.
The Shales.

In the field, the lowest bed of the Jet Rock is a haxnd,
dark, well-laminated shale splitting easily and with and

appredcizble amount of mica on the bedding planes. Microscop- -
ically it is a fairly coarse shale, with occasional grittiy
bands made up almost entirely of quartz grains. Muscovite 1is
present in small flakes. Pyrite is common, occurring always

as small rounded masses. A conspicuous constituent is an
indeterninable brown material, pfesumably organic, which occurs
in spall lenses and short irregular lines, and which gives the
thin section mucl of its colour. The larger minerals and the

organic matter are embedded in a background of indeterminable

argillaceocus material.

In the speeimen from Overdale Wyke, the thin section shows
o marked rhythmic arrangement in tlke size of quartz grains in
the shaleThe slide may be divided into three separate beds,
the centre one being 0.4 inches thick, each bed exhibiting
thé same phenomenon. The lowest part of each indivual bed is a
very coapse shale or finegrained argillaceous grit, made up
almost entirely of guartz grains, witl! some pyrites and a small
amount of shaly material. The shale becomes progressively finer

in texture higher upthe thin band, and with the introduction

of brown organic natterand the increase of argillaceous material,?

is markedly darker in colour.This is repeated in each of the
other thin bands in the slide.

The shale above, Bed 21, differs little from that below it,
except that it contains a number of rows of small pyritous

nodules, up to 4 and 5 inches long. This shale is slightly




=05

coarser than the bed below it.

The upper shale of the Jet Rock is dark, dense, and very
well laminated, breaking across the bedding planes with a sub-
conchoidal fracture. The fine lamination is well brought out
under the microscope. The shale is coarse in texture,small
quartz grains being abundant and arranged in lines and bands
as well as occurring as isolated grains in the body of the
shale itself . The thin section of the rock is dark in colour
due to a large amount of organic matterand an increased amount
of pyrites, which usually occurs in small rounded masses, but
occasionally in larger rounded aggregates of many of these
masses .

Another feature of this bed is the occurrence of small,
microgscopic lenses of calcite distributed sporadically throughout
the shale, and also in one thin section, concentrated into
one small band. These calcareous masses are similar to the
dsecriptions and illustrations of ‘'drewite', as recorded by
Archangelski from the black, saprnpelic'muds of the Black Sea.
Writing of the "thin alternation of light and dark coloured
stripes" in the mud, he states, "Under the microsbope it may
be seen in thin sections that the white stripes consist of
powdery egiggie for which the term 'drewite' has been recently

proposed...The grains of drewite lying in close contact with

eacl othercommonly form elliptical lumps which are elongated
parallel to the stratification planes.". The similarity between

these masses and those occurring in the upper bed of the Jet

Rock is striking.

A few broken and distorted spore cases occur in this shale,

and when not entirely compressed are infilled with chalcedonic
silica.

A heavy mineral separation of this rock was made, using
Thoulet's Solution. Pyrite was extremely abundant, forming the

 greater part of the minerals brought down.Pyrrhotite was also
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present. Other minerals identified were zircon, one preserving

good crystal shape; yellow, brown and colourless garnets;

rutile and barytes.

The Topn Jet Dogger.

Bed 19, the upper shale of the Jet RBock, passes gradually
into the bed above it, the Top Jet Dogger. The name is the
mipers' term for the bed that was used és the roof of the
jet-workings. It was described as a hard Lias limestone by
Simpson, and as an 'indurated band' Tate and Blake, and Fox-
Strangways and Barrow. Fox-Strangways described it as '"a nodular
band of impure limestone" , in a section on Economic Geology
in the 1915 Survey lMemoir, although in the Whitbian section
on another page ‘it is described as " a solid band of hard i
indurated shale".

In the field it forms the most conspicuous féature in the
Upper Liasf It is well exposed at Saltwick ét low tide wheren \
it forms a reef which can be traced below sea~level by a line
of breakers that mark its position. It is a platey impure
limestone, from 4 to 6 inches thick,'splitting into large plates

up to a quarter-inch thick.The bedding planes are frequently

crowded with crushed Inoceramus and armonites of exaratum Iorm.
Under the microscope, littlﬁ evidence of bedding can be

recognised. 60% of the field is made up of calcite, which has

recrystallised into lenses and irregular masses, roughly par- }
allel with the bedding. Between the calcite masses are irregular 3
whisps of shaly material, making up the greater part of the

rest of the rock, : together with pyrites in small rounded masses ;
crushed spore-cases and organic matter. From.ﬁhe petrological

as well as the field examination, it is obvious that the Top

Jet Dogzer is an argillaceous limestone, and not an indurated

shale, as it has frequently been described.



PLATE 5.

Photoss: J.K.H.

l. Candsend Ness (foreground) and Keldhowe

Steel (background). Jet Rock and

Bitumingus Shales.

2. Large limey bosses in Top Jet Dogger.

Sandsend Ness.
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¢ On the upper surface are large bosses of the same limestone,
which are striking structures usually round in plan, attaining
a dlameter of 15 feet in some cases, and elliptical in section
up to 18 inches thick. These bosses are not usually separate
from the Top Jet Dogger, but are part of the limestone itself,
which swells out and thickens to form them. In some few cases
the bosses are separate from the Top Jet Dogger, a few inches
of shale intervening. These however, are exceptional. The
'*bosses' and the limestone cannot be distinguished, either

in the hand specimen or under the microscope. They are composed
of the same platey limestone, in which occurs, under the micros-
cope, the irregular masses of'recfystallisedu calcite parallel
with the bedding, separated from each other by shaly material.
Pyrite is common, occurring in rounded masses.

That these elliptical bosses may be concreti&hry in origin
has not bveen lost sight of . Certain features in the field
occurrence do, indeed suggest this origin, particularly the
presence ofa row of these discoidal limestone masses. about
24 feet above the top of the Jet Rock, on the south-east side
of the Peak fault. The lithological similarity between the
limestone ' and the 'bosses' does not favour this. That the
Top Jet Dogger is not itself concretionary in origin is
discounted because of its great extent, the presence of flattened
fossils on the indivual plates of limestone, the gradual trans-
ition in the field from the Jet Rock shale to the limestone,
and the general microscopic features, the presence of shaly
materlial, spore cases and pyrites, not found within other c
concretions of the Upper Lias.

In all probability, the Top JBt Dogger was deposited as
a finely laminated, calcareotis mud, which underwent crystallisa-
tionto form the large , irregular masses of calcite seen under

the microscope. The bosses on the surface result from a




segregatioqbf calcareous matter within the mud, which drew
together into elliptical areas, probably as the result of a
pause in sedimentation, and crystallised to form these dome-
%ike bosses. There is at many places int the field, a definite
break at the top of the Top Jet Dogger, indicating a pause in

deposition.

The suggestion regarding the origin of the 'bosses' of the

Top Jet Dogger is put forward tentat}vely It is fell that

more conclusive evidence may yet’in the field in favour of

N\

either concretionary origin or original deposition of the bosses.

The Concretions.

The concretions of the Jet Rock may be divided into two

groups -
l. Pyritous concretions.

2. The large calcareous concretions of Bed 20.

They will be dealt with in this order. .
1. Lines of pyritous concretions are found throughout the
shales of the Jet Rock, but occur in greatest number in Bed 20,
where twelve to fifteen individual rows may be recognised.
Some of these rows, by virtue of an individual characteristic,
are recognisable in widely separated localities. Such a line
of nodules 1is that occurring midwayin Bed 19, the concretions
being here rather larger than usual, about 2 feet long, 1 foot
broad and 10 inches wide. Another row is in Bed 22where the
nodules are ~lmost completely spherical, and because of which
it is known to ammonite collectors as the t"canncm'ba.ll bed".

The pyritous nodules of the Jet Rock do ndt differ in any
way from the pyritous nodules previously described by many
authors, from other formations. They are found in man¥ shapes, ¢

some almost spherical, others discoidal and ellipsoidal, while
a very large number take an irregular and fantastic forms.

The pyrites is confinedd to an outer skin or coaﬂhp to a quarter
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inch thick. The inner part is a fine-grained impure limestone,
and frequantly contains well-preserved uncrushed ammonites.
The laminations of the shale in which the concretions are found
appear to bend above and below the nodules, whiclk are in some
cases slickensided. |

The bending of the shale around the nodules may be examined
in the many vertical shale faces between tide levels, which

include nodules that have been broken in two. The action of sea-

water etches the broken face as well zs the shale, removing the
more calcareous lines from trem. Under such conditions it is
apparent that while some laminations bend up and over, or down
and under the nodule, others bend up or down and appear to end
atthe pyritous face of the concretion. Unfortunately this crit-
ical zone suffers the most from the action of sea-water, for
immediately round the pyrites is deeply etched. Attempts to
remove specimens of nodule and shale together were frustrated

because of this deeply et#ched zone . However, in a Jet Rock

shale tip at Hole Gate, Westerdale, such a specimen was found.

A face which inciuded both the shale and the nodidle was ground
flat and lightly etched with weak hydrochloric acid. The more
calcareous lines were more readily attacked, and after etbhing

" could be easlily traced. It was found that in the shale the

limey laminations bend up towards the concretion, and on touching
the face pass through the pyritous zone into the nodule where
they are again perfectly horizontal, parallel to the laminations
of the shale. A comparison of the distances between any two of

the calcareous laminations in fhe concretion and in the shale

some few inches away from it, showed thkat the shale had been

compressed relative to the concretion in the ratio of from

5 to 6 : 1.

2. Bed 20 of the Vhitbian section is "a line of large ellipsoid-

al nodules some distance'apart". This row of concretions is easi-

ly recognised and is of striking appearance. Separated from each

L




other by varying distances up to about 15 feet, some of these
large concretions attain a lenght of four feet, being 3 feet |

broad and up to 2 feet thick. They differ from the smaller

nodules of the Jet Rock in that they have no pyritous 'skin?',
and are throughout calcareous concretions. Broken nodules show

the developmeny of septarian cracks, filled with calcite, within

the concretion, but these rarely reach the surface. Other materi%

is also revealed within the concretions, which a28 more unusual
and has not been previously recorded. It is brown in colour,
occurring in irregular masses in the centre of the nodules,

with veins running in all directions from the main 'reservoir?',

sometimes reaching the surface of the nodule. In the hand spec-
imen it shows a brecciated appearance, the individual ‘*pebbles’',

usually of a darker colour, being cemented with calcite showing

a flow structure. Microscopically the rock is seen to be made
up entirely of calcite of varying degrees of purity, the

calcite rhombs being of vérying sizes.. The darker 'pebbles?,

which are usually composed of more coarsely crystallised calcite l

are cemented! together by finer calcite, and in many the indiv-

idual 'pebbles' themselves are'composed of smaller masses I
'cemented' together. Winding through the rock are 'flow lines'

of finely crystallised calcite. (Fig.6)

In an attempt to explain this structure, sections were
cut where this matericl was found in contact with the surround-

ing concretion. Veins of this substance, passing out through

the nodule from the main 'reservoir'! were frequently fringed
with pyrites and invariably exhibited flow structure along
their length. The larger veins, as well as showing flow struc-
ture along the surfaces in contact with the concretion, also
showed the individual 'pebbles' typical of the main mass , in
the central zone of the vein. In some rare cases, sections

have been cut showing veins of a different type cutting through

the mass of 'pseudo-conglomerate!. These veins are made up



PLATE ©.

'Pseudo-Conglomerate' from the centre

of the large concretions of the Jet
Rock.

l. Magnification 45.

2+ Magnification 20.
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of the impure calcareous material of the concretion itself,

and must have been formed at a very early stage in the origin
of the nodule. Many examples were found of the septarian cracks
of the nodule cutting through the 'pseudo- conglomerate',
proving it to be crystallised before the "chemical dessication®
of the concretion set in.

In some of these large concretions the passage of the

laminations of the shale into the noduleis shown to an even
more striking degree than in the pyritous concretions already
described. Onésuch specimen, cut in two but remaining in the
cliffs, occurs on the west side of Sandsend Ness. As iq&he
case of the pyritous nodule, the more calcareous laminae in
the shaleghere bend upwards, or downwards, and pass directly
into the concretion, being immediately horizontal, parallel

to the original lamination. It was possible in this case to

measure, in the field, the distances between the individual

calcareous laminae, in the shales and in the concretion, and
s before to determine the relative compression of the shale,
compared with the concretion.Two well marked bands were 2.4

inches apartfin the undisturbed shalefhile in the concretion

they were separated by a distance of 10.1 inches. The ratio |

1

of compression of the shale with that of the nodulel is 4.2 : 1. 5

This does not however, represent the full compression of the

shale, since undoubtedly the concretion itself has undergone

some compression since its formation as an unconsolidated |

MASS e
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Variations in Lithology of the Jet Rock.
Unlike some of the higher beds of the Upper Lias, the

Jet Rock was found to wvary little in all other exposures, whether
on the coast or in the inland dales.The individual shales were
examined wherever possible, usually in stream sections, and
although some variation in thickness did occur, few lithological
variants were noted in the field.

The shales of the Jet Rock, as a whole appear to be rather
harder and denser in the inland dales, and this was brought
out more strongly in thin section, under the microscope. Although
the texture and mineral composition is essentially the same,
the organic content is markedly increased. Sections of shale
from Rosedale and Bilsdale are of a dark brown colour to the
naked eye, compared with the pale grey-brown thin sections
from Sandsend. Microscopically the increase in the indeterm-
inable brown, organic material is striking. In a specimen from
Rosedale the decrease in laminat;pnunder the microscope is
marked, there being very little evidence of bedding. The row
of large concretions (Bed 20) was found over the whole area
wherever the upper Jet Rock was exposed, along the coast, in
Bskdale, Iburndale, Greater Fryup, Westerdale, Baysdale,
Rosedale, Bransdale and Bilsdale. In all places it exhibited
the same characlters as are shown at Overdale. The 'pseudo-
conglomerate’ within the nodulegwas found at localities as
far distant from Whitby as Tripsdale, a tributary dale to
Bilsdale, and at the southern end of Brénsdale.

From.aﬂnﬂexamination of other sections of Jet Rock, it
is evident that this calcitic 'pseudo-conglomerate' is not
confined to the large concretions of Bed 20. In Howedale,
Robin Hood's Bay, and in Rosedale as well as other localities,
it was found in association with large pyritous nodules both
above and below Bed 20. On no occasion was it found in associz-

tionwith nodules of less than one foot in length, with
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corresponding thickness.

The argillaceous limestone of the Top Jet Dogger does
show a marked lithological variation when traced southwards
from Whitby. It maintains its calcareous character up to the
Peak fault, where it may be examined in a flooded jet~working
near Tan Beck, about one hundred yards from the fault. On the
south-east side of the fault its lithological character 1s
considerably changed, appearing in the field as a dense

, _ ternm
laminated mudstone to which the name of "indurated shale band®

could be more correctly applied than to the typical Top Jet
Dogger, Microscopically the laination is less well shown.
Calcite is common with argillaceous and organic material.
The rock may be described as %h 3n calcareous mudstone, and
it differs from typical Top Jet Dogger in being much less f

limey, the calcite being much finer grained, and there being

o, corresponding increase in shaly and brown, organic material.
Another similar variation is found at the heads of four

of the dales flowing northward from the Cleveland dome. In

becksections in West ArnecliffWoods and near High Hardhill
Farm in Glaisdale, at the head of Little Fryup and atGate Holm
Beck and Esklets in Westerdale, tle Top Jet Dogger is represented'
by a two to three inch band of black, dense mudstone differing
1ittle from that at Peak. In thin section this mudstone shows
fine lamination to the naked eye, but these are not striking
under the microscope. The calcite occurs in mach less quantity
than in typical Top Jet Dogger, and brown organic matter with
some argillaceous material and pyrites makes up the rest of

the rock. As at Peak, it may be described as o calcareous
mudstone with organic matter, but with much less calcite than

the Top Jet Dogger at Overdale.

It is unfortunate that the lack of exposures to the north

of the Cleveland dome, as well as in other directions, prohibits
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Photos:

The Top Jet Dogger.
Mage R2.
l. Typical specimen from Sandsend
Ness. Calcite is white;

argillaceous material, black

2. Fine grained calcareous mud-

stone from Glaisdale.
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accurate delineation of the boundaries of this 2one. In Baysdale

tre rock is the typical limestone. In Bloworth Beck, to the
north-east of Bransdale, altlough it is still an argillaceous
limestone, the shaly material shows a marked increase,
indicating proximity to the mudstone zone". In Farndale, to the
south, exposures are poor, but at the head of Rosedale it is a
typical limestone. To the north, the Top Jet Dogger is a lime-
stone in East Arnecliff Woods and a mudstone in West Arnecliff
Woods, a mile and a quarter to the south.

It is apparent that the zonewithin which the Top Jet Dogger
is represented by a thin mudstone is in all probability roughly
ellipticalin shape, the main axis being in anEast-Wést
direction. The northern boundary is parallel to and about one
mile southof Upper Eskdale; the sogthern is coincident with
the main axls of the elongated Cleveland dome. The east and
west boundaries of the zone are less easy to define. The
presence of the Top Jet Dogkeras a limestone all along Baysdale
indicates that the northern boundary of the 'mudstone zone'
is turning south between Baysdale and Westerdale. Although
in the Ingleby re-entrant exposures are much obscured, no
limestone was found in the tips from the old jet-workings, as
ié usual when the Top Jet Dogger is represented by a limestone,
and it is probable that the mudstone zone extended as far as,
and slightly beyond this lodality.

To the east of Glaisdale exposures are lacking until the

coast is reached. Extrapolation of the northern boundary zone

Bl o e— il Wbl L W ¢ - 1=
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of the mudstone zone, drawn as accurately as it has been possible

to define it 4 cuts the coast almost exactly at Peak. This
aggees with the field evidence, the Top Jet Dogger being a
limestone at Tan Beck and hdhewest side of the fault, and a
mudstone on the east, downthrow side, on the shore. If the

Top Jet Dogger on both sides of the fault were again brought




into juxtaposition , these two localities would be little more
than a mile apart and it may be argued that such a distance

is unsufficient for the marked 1lithological change to take
place and that the difference in lithology 1is due to
contemporaneous faulting during deposition known to cause
striking stratigraphical and lithological varitions in the
higher "hitbian. Against this it may be stated that the fault
did not move before the deposition of . the pseudovatus zone
(the Hard Shales), since the measuremehts of the shale between

the double line of nodules of this zone and the Top Jet Dogger,

on both sides of the fault, show no differences in thickness.
Again, in the two localities near Glaisdale, in West and East
Arnecliff Woods, the Top Jet Dogger is represented by the two
lithological variants, limestone and mudstone, the two exposures ;
being only one and a quarter miles apart. From this it is
concluded that the variations at Peak are not due to contempor-
aneous faulting, and that the fault is merely fortuitously
coincident, at this point, with the boundary of the 'mudstone
zone'.

The final conclusion is that within an elliptical area

approximately 4 to 5 miles broad, extending from the IngZeby
re-entrant in the west, along a l?igiggincident with the long
axis of the Cleveland dome, to and beyond the coast at Peak
in the east, the Top Jet Dogger, elsewhere an argillaceous
limestone, is here represented by a fine-grained caleareous
mudstone of marked lithological dissimipflarity. The long axis
of this zone is W.N.W. by E.S.E., and may be defined as

Armoricahtoid in direction (B.X.B.- W.S.W. through E.W. to

52
WN.We=E.S.E., according to Dr.A.Morley Davies.).
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Variations in thickness of the Jet Rock.
Variations in thickness of the indivual beds of shale
in the Jet Rock do occur, but usually exposures are not suffic-
iently good for measurements of the full section to be made.
Almost invariably the lower part of the Jet Rock is hidden,
only the Top Jet Dogger and a few feet of shale below it being
visible.

One distinctive bed of pfyritous nodules occurs in the
Overdale section at 3 feet 8inches below the Top Jet Dogger,
and the shale 1interval betweenthis dogger line and the Top
Jet Dogger can frequently be measured. The thickness wvaries
from 3'6" at Runswick Bay, to a maximum of 5*3" in Rosedale
Wyke,near Hinderwell. This distance is varied all over Cleveland

and no regular variation in any direction in—eny—directien

could be determined.

It is not suggested that these pyritous concretions define
the base of an individual bed of shale. Nowhere in the Jet
Rock sequence is a bed defined in the field by rows of nodules.
These bands are merely convenient horizons used for the sub-
division of the Jet Rock. Indeed there appears to be little
justification of the division of the upper part of the Jel Rock
into three individual.beds(Bedsl9, 20, and 21), by means of the
row of large concretions. A break in sedimentation does appear
to have taken place at the base of Bed 21, but none is visible
in the field at the base of Bed 19, which is defined by the
Survey as coincident with the row of large concretions. On
field and microscopic evidence the Jet Rock may equally well
be subdivided in three beds:-
A. The Top Jet Dogger (Bed 18 of the Survey)
B. The Upper Jet Rock, with a row of large concretions

along the middle of the bed. (Beds 19, 20, and 21.)

C. The Lower Jet Rock. (Bed..22 of the Survey.)
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(4) THE BITUMINOUS SHALES.
Zone of Harpoceras falcifer.

The Bituminous Shales are subdivided by the Survey into
four individual beds of shale, by means of one indurated band
and two lines of pyritous nodules. They are well exposed at
Saltwick Nab, the lowest bed formingthe shore on the seaward
end of the Nab. Here the following section was measured,
excepting the lowest bed, in which case the mean is taken of
two measurements, 16 feet and 18 feet, at Hawsker Bottoms and
at Sandsend respectively. The numbers denoting each bed are the

same as are used by the Geological Survey for the Whitbian

section.
I'eet Inches
11. Hard blue-black shales. . , . 1% O
12, ESiderite mudstone. N . " . %!
13. Hard dark shale. . . . . 11 6
14. Line of pyritous nBodules . . . -

15. Hard dark shale with great numbers of
fossils. Harpoceras of the

mulgravium type, Phylloceras,

belemnites, Inoceramus. . , 19 9

16. Line of pyritous nodules . . . -
17. Hard dark shales. . . . . 17 0
66 6

Specimens were taken from about the middle of each of the
beds of shale and submitted to petrological examination.
Heavy mineral separations were made of the specimens of the
Bituminous Shales as well =2s those from higher horizons, but
in no case were the results worthy of record. As was expected

- pyrite occurred in é@at abundance, but the other minerals were

very few and frequently so small as to prevent accurate
determination.
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Saltwick Nab. General View.

Saltwick Nab. View from South-fast

showing siderite mudstone bands.
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Lithology of the Bituminous Shales.
Tre Shales.

The lowest bed (17) is a hard, biue-black shale smclling
strongly of bitumen when treshly broken, and very little
different trom the shale of the Jet Rock, in the hand specimen.
It contains a fair amount.of mica and splits easily along well
defined laminations.

Inder the microscope the shale is dark fawn in colour.
Quartz occurs in abundance, in the mass of the shale itself

as wellas in gritty lines or bands which run for only a short

distance and which are made up almost entirely of quartz grains.

Flakes of muscovite are common and pyrites is extremely plentiful

occurring in small rounded masses. The laminations are marked
principally by the short dark brown lines or elongated masses
of a dark brown, indeterminable material which occur in very

considerable numbers. As in the Jet Rock, theircolour is darker

than that ofspores or jet fragments, and it is assumes that
they are of vegetable origin. Not only are they distributed
sporadically throughout the whole section, but they also occur
concentrated into one band one eighth inches wide, composed
almost entirely of them and inter-stratified shaly malerial.
With these are also found short lenses of black opaque

carbonaceous material.

In striking contrast with this dark arganic ﬁed, another

band, much thinner is made up of argillaceous material alone,
with no coarser quartz grains or organic material. The main

portion of the section is however, made up of a shale inter-

mediate between these two wvariations.
b

Shells presumaly Inoceramus, preserved in calcite, as well

as isolated calcite rhombs from broken shells are common,
together witb%mall fragments of jet and spores. Both macso-

and micro-spores may be distinguished, the former usually

broken and badly crushed, the latter frequently well preserved.
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Three microspores were found in the slide and six macrospores.
Bgd 15 18 the thickest individual bed of the Bituminous
Shales. In the field it differs little from the shale below
it, save that here occur large numbers of fossils, pyritised
Inoceramus being present in very great abundance.
Microscopically the difference is more marked. The shale
is lighter in colour in thin section, finer in texture, and
contains fewer 'dark brown lines' of organic material, than
does the bed below . Quartz is present both in the shale and
in gritty lines and bands, but the latter as well as the isolat-
ed quartz grains are fewer than in the lower shale. Micro-
spores are extremely abundant, 36 being counted in the slide,
together with three macrespores, one of exceptional size. The
most striking feature in the slide is the presence of small,
broad lenticular masses of chalcedonic silica, which displace
the laminations of the shale betweenwgéc%hey have developed.
Chalcedony also occurs as an infilling material in such macro-
~and microspores that are not completely compressed.
Bed 13 is again finer in textufe that the bed below it.
The brown organic lenses and black carbonaceous masses are still
fewer in number, as are the quartz grains and gritty lines
of microscopic quartz pebbles. Pyrite is a conspicuous constit-
uent. A few macrospores occur and microspores are fewer in
number, 21 being counted. Chalcedony is found as an infilling
amterial in some of the spores, and as dbroad isolated lenticles.
The uppermost bed of the is little different, both in the
field and under the microscope from that immediately below it.
The shales no longer smell of bitumen and microscopically are
seen to be slightly finer grained, the quartz grains being
smaller and no gritty bands being found. Black carbonaceous
masses still occur but the brown organic lenses are no longer

present. Lamination, both macro- and microscopically, is much
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less well defined. The microspores in this section number 16.

o

The Siderite lMudstone.

Bed 12 is descridbed by Phillips and Simpson as "a hardened
ferruginous shale", and by Fox-Strangways as "a red indurated
band'". It is rarely more than two to three inches thick and
forms a conspicuous hand in the ciiffs of Saltwick Nab. The
rock is a grey-brown earthy mudstone which weathers red on the
outer surface. Microscoyiéally it appears to be a finely
crystallised mudstone, with smali amounts of pyrite and cardbon-
aceous matter, and showing no sign of bedding. The rock was
tested for siderlite in the manner suggested by Haliimond. The
polished surface of a chip of rock, before mounting in the
usual way, was immersed for 5 to 10 minutes in a hot concentrat-
ed soitution of caustic potash, to whichiﬁ little hydrogen
peroxide was added at intervals. The surface was finally washed
and dried in air. In this way the siderite was atained brown,
the calcite being roughened but not destroyed. Under the
microscope the siderite was seen to occur in small irregular
masses, sometimes grouped together to form larger aggregations.
Calcite was common , comprising much of the remainder of the
rock, with a small amount of argillaceous material. This rock
may therefore be considered as an iron ore, and may be described

ag 2 siderite mudstone.
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(5) THE HARD SHALES.
Zone of Pseudolioceras Pseudovatum.

The Hard Shales receive their zonal name from an ammonite
occurring an a doublebana of pyritous nodules at the base of
thezone, and which’is not known in the South-West of Midlands
of England, although something like it is found in the North-
West of Germany". The shales of this zone are well exposed
on the Vhitby side of Saltwick Nab, between the cliffs and

the path across the Nab. A section measured here 1is as follows:=-

Feet Inches

18. Siderite mudstone containing a very

few pyritous nodﬁles. . » o
9., Shales lighter in colour and

softer than those below . N 20 0
10. The Ovatus Band. A double line of

pyritous znd calcareous nodules

containing Pseudolioceras

pseudovatum, with siderite mud-

stones and masses of belemnifes. 10

21 S

The so-called Ovatus Band is of considerable lithologilcal
interest, and is exposed at the base of the cliff at North
Batts, 5x¥ER Saltwick Bay. Here, as wellas on the west side
of the Nab, it leaves the cliff and forms a reef running across
the scars and is thus easily examined. The main features of the
band are two lines of pyritous concretions separated by 10
inches of hard shale. This is the typical development of the
band as found on the west side of the Nab, but at North Batts
local variationg are found. As well as the pyritous concretions,
calcareous nodules of similar size and discoidal shape occur,

together with large masses of siderite mudstones in which the
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concretions frequently are embedded. These mudstones develop

into curious shapes, one boat-shaped mass being 20 feet in
length, with cone-incone structure on the upper surface. The

most remarkable feature of the Ovatus Band is the occurrence

of masses of belemnites cemented together to form a limestone.
Until recently the area of one such mass was several square feet,
while a large specimen in the Vhitby Museum from this locality
indicates that it had a much greater extent. The development

of pyritous concretions on its under sidehas considerably
disturbed the original horizontal surface of the bed, which

now swings up and over the nodules below. Such beds of belemnite
guards are called by the German*writers‘“belemnitebattlefields",
( belermmitenschlachtfelder), although this terp.usually refers
to beds of greater areal extent than that at North Batts.

Under the microscope the spaces between the belemnites are seen

to be filled with shell fragments, some of which are preserved

- l— LA gL i L

in opaline silica, and by large masses of pyrites. The whole

mass is cemented together by calcite.

In the field the Hark Shales are intermediate in texture

between the soft grey Alum Shales above and the hard blue-black

Bituminous Shales below. These shales have, in the past, yielded

—_ e o -

a small quantity of alum, but that ynefld was, in ali probablility

insufficient for economic working.
Microscopically this shale is again finer in texture than i

the bed immediately bPelow 1t. The quartz are fewer and smaller.
The muscovite increases in quantity and in size of flakes.

Pyrite also is much more common, occurring in small romnnded
masses and in larger irregular masses, which under greater

magnification prove to be an aggregate of the smaller rounded mas
masses. Carbonaceous matter has decreased much in quaniily
as has the number of microspores in the section, which is 10.

Chalcedony occurs as before in small irregular masses.
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i The uppermost bed of the Hard Shales, the five inch siderite
nmudstone, was referred to by Phillips as "a thin bed of iron-
stone" and by Fox-Strangways, in 1892 and in 1915 as "an
indurated sandy band, becoming- a distinct line of ironstone
towards Whitby". There is no evidence, field or microscopic,

of this rock being arenaceous in character, but treatment with
caustic potash and hydrogen peroxide stains the siderite and
proves it to be an ironstone. Doubtless Hallimond had this

bed in mind when, writing of the non-chamasitic siderite mud-
stones, he stated"Probabl%%ome doggers of the Lias also belong

to this class . 7

Bed 8 however, although known to be an ironstone, is much
less rich in siderite than are the isolated masses of mudstone
in the Ovatus Band. The latter were found to be the richest

of the siderite mudstones in the Upper Lias section.

In both.bedqbalcite occupied much of the remainder of the
rock, the amount of shaly material belng only small. Occasional

shell fragments occurred, preserved in the original calcite.
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(6) THE ALUM SHALES.
Zones of Peronoceras braunianum, P. fibulatum and Frechiella

subcarinata.

The Cement Shales and the Main Alum Shales of the Geologiéal
Survey 'Section of the Whitbian';fwill here be classed together
since they cannot be separated satisfactorily either bn
l1ithological or on palaeontological groungs. The Cement Shales
differ from the Alum.SEales only in the presence of nodules,
in the former, from which hydraulic cement was made. No
satisfactory boundary can be drawn in the field. Nuculana owvum
although a characteristic fossil in the Cement Shales, also
occurs in the upper beds of the Alum Shales. The Cement and
Main Alum Shales together comprise the three zones Pefonoceras
braunianum, P. fibulatum and Frechiells s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>