














25, Westedge, Ashover: In a strong E-W mineralised fault which bounds the northeast side
of the inlier, Lead ore occurred in toadstone (Farey, 1811) which is inferred to be the
northern continuation of the Ashover Tuff and associated lava flows.

26, Fall Hill, Ashover: A large fluorspar ore-body has been worked in the limestone over-
lying the Ashover tuff, along a NW-SE rake. Replacement 'wings' extend into the limestones
on each side, and recently one has been worked in the highly altered upper part of the tuff,
which may have been very calcareous before mineralisation.

27, Mill Close Mine: The occurrence of ore in toadstone at the 'boil up' has already been
mentioned. Traill (1939, p.866) whilst noting that open fissures were much less common in
toadstone than limestone nevertheless asserted that at Millclose ".... several instances have
been found where the existence of an open channel on a fault (in toadstone) has permitted
ore solutions to rise from below a bed of toadstone to a higher horizon".

28. Wheels Rake, Alport: This is one of the major NW-SE veins of the Alport mining area.
Watson (18l11) noted wWheels Rake as "very productive" in toadstone (the Conksbury Bridge/Upper
Alport Lava). This rich vein appears to be that discovered in 1786 in toadstone, at the fore-
field of Wheels Rake Old Sough (Kirkham, 1964). As the sough was driven along Wheels Rake,

the vein in the forefield probably equates with one of the NE-SW cross veins in the Baltic

Wood area. Although the sough was eventually driven in toadstone to the Long Rake, it is
improbable that this was the rich vein mentioned as the sough was still being driven after 1786.
Kirkham (1964) also included a section (dated 1836) which depicts the Amos Cross branch of
Wheels Rake persisting through the lava into the underlying limestones.

29. Long Rake, Conksbury: Recent exploratory boreholes sunk in connection with the opencast
workings around Conksbury have intersected the Long Rake within the Conksbury Bridge Lava. The
vein comprised two zones of intense bleaching and calcitisation which show evidence of poly-

phase movement and shearing.

30. Nick Sough, Youlgreave: Noted by Farey (1811) as "in toadstone". Nick Sough was driven
along the NW-SE Nick Vein from Bradford Dale. The sough tail is situated on the outcrop of the
Bradford Dale/Lathkill Lodge Lava.

31. Black Shale Pits, Youlgreave: Another mine "in toadstone" from Farey's (1811) list. It
is located on a WNW-ESE vein close to Nick Vein and the toadstone referred to is likely also to
be the Lathkill Lodge Lava.

32. Dale, Over Haddon: The Lathkill Dale Vein Sough, being driven in 1743 (Rieuwerts, 1973)
passed beneath the river at Lathkill Lodge. The sough was initially in the Lathkill Lodge Lava
and followed the vein in this lava for a short distance.

33. Robinstye Flat Work, Over Haddon: Probably situated to the north of Lathkill Dale Sough
tail (Rieuwerts, 1973). Ore occurred in the Lathkill Lodge Lava (Farey, 1811).

34. Warm Bath, Sheldon: A NW-SE rake branching from Mandale Rake, north of Lathkill Dale,
and trending towards the Magpie Mine area. According to Watson (18ll) this was a particularly
rich vein and in a section he depicted the vein descending into the upper part of the toad-
stone. Farey (18l1) also noted the vein as carrying ore in toadstone. In the Magpie area the
vein transgresses the ground underlain by the Shacklow Wood Lava and it is probable that this
is the toadstone referred to by Watson and Farey.

35. Mogshaw Rake, Sheldon: Recent borehole information has supported the statement that
major faults are often mineralised within lavas. Mogshaw Rake has been intersected in the
Shacklow Wood Lava. It is represented by a zone of intense bleaching and calcitisation.
Vuggy veinlets carry calcite and green fluorite together with minor amounts of marcasite,
pyrite and chalcopyrite.

36. High Low Pipe, Sheldon: Noted by Farey as "in toadstone" the western end of this WNW-
ESE rake is underlain by the Upper Millers Dale Lava. For the mine to have intersected this
horizon it would have to have exceeded a depth of 200 m.

37. wWham Rake, Taddington: The NW-SE Wham and Grove Rakes intersect and displace the out-
crop of the Millers Dale Upper Lava. Lines of hillocks cross the lava outcrop suggesting the
veins were worked in this horizon. Farey (1811) also noted their continuation into toadstone.
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38, Horse Steads Mine, Taddington: An E-W vein,that transgresses the outcrop of the Upper
Millers Dale Lava at Horse Steads Mine (SK 143,716). Farey (18l11) noted the presence of a lower
toadstone (Lower Millers Dale Lava) and that the vein was followed down through both these lava
horizons.

39, putwell Hill Mine, Monsal Dale: Once worked for lead, this vein was extensively worked
for calcite in the 1920's and the lowest workings, in the Monsal Dale Limestones, worked down
into the top of an underlying toadstone, without substantial change in the vein,

40. Basalt Quarry, Millers Dale: In a small quarry above Millers Dale (SK 134.731) an E-W
zone of alteration is exposed within part of a coarse non-vesicular, central flow unit of the
Upper Millers Dale Lava. The alteration zone is 1.0 m wide and is associated with a swarm of
calcitic veinlets with a central, thicker vein with vuggy dog-tooth calcite and pyrite.

41. Maury Mine, Millers Dale: This locality is one of the few mines from Farey's list that
is accessible and provides an excellent example of the nature of the continuation of a rake
vein in toadstone. Maury vein can be observed in limestone beneath the disused railway track
where it 1s a single thick vein with sharply defined walls, slickensided in places. Columnar
calcite is the main fill.

Above the rallway track an excavated entrance (SK 150,731) allows access into a section of
adit where the vein can be observed in the Upper Millers Dale Lava. Within the lava the rake
continues as a swarm of thin calcite and quartz veinlets. These are associated with a well-
defined zone, up to 3 m wide, of intense bleaching and argillisation which has a central zone
of almost white, kaolinite-rich clay alteration produced in the most intense area of leaching,
Some 60 m of adit are currently accessible but over this distance the veinlets have not been
observed to carry lead or zinc mineralisation. However, the dumps yield abundant blocks of
mineralised and altered lava. Sphalerite and smithsonite predominate with lesser amounts of
galena, pyrite and bravoite.

42, Calcite Vein, Tunstead: A 4,9 m wide calcite vein is exposed near Tunstead Quarry (SK
104.748) within the Lower Millers Dale Lava. The vein comprises a number of closely spaced
columnar calcite-filled veimnseach separated by a thin and highly altered segment of lava,
There is a bleached and altered zone developed in the lava adjacent to this set of veins.
Disturbed grgund suggests that the vein was investigated by the old lead miners; however no
ore minerals were cobserved in the present exposure.

43. Edge Rake, Wheston: This E-W vein transgresses and displaces the outcrop of the Upper
Millers Dale Lava. Surface spoil contain blocks of bleached and mineralised lava and support
Farey's (1811) statement that ore was worked in toadstone,

44. sSallet Hole Mine, Coombs Dale: This modern mine driven into High Rake and its branches
beneath Longstone Edge, has confirmed William Wager's early 19th century reports of a vein in
toadstone. The vein, carrying mainly fluorspar, has been stoped out in both limestone and
toadstone, in some cases showing little change in its character even when both walls of the
fissure were in toadstone, here a bedded tuff carrying much dispersed pyrite, and subordinate
amounts of other sulphides such as bravoite, chalcopyrite, etc.

45. Robin Wash, Longstone: Situated in Hay Dale on the western end of the Longstone Edge
vein system (SK 180.732), this locality was referred to by Farey (18l1) as "in the 1lst
toadstone"., The complex volcanic stratigraphy of this area is far from clear but Robin Was
be part of the lava exposed at the foot of Cressbrookdale. This lies at the same strati-
graphic horizon as the Upper Millers Dale Lava, but appears to be unrelated to it with an
extrusive centre in the Longstone Edge area.

h may

46, High Field, Stoney Middleton: Situated at the eastern end of the White Rake (Wardlow)
veln. Parey (18ll) noted High Field Sough as driven from Coombs Dale and intersecting toad-
stone. Which toadstone this refers to is uncertain. The area is underlain by the Cressbrook
Dale Lava, but the toadstone may be the northern extension of a tuff horizon located above
the horizon of Cressbrook Dale Lava in the Longstone Edge area.

47. Ladywash Mine, Eyam: According to Farey (18l11l) ore was worked, from the continuation
of the powerful Hucklow Edge vein into the top of the Cressbrockdale Lava. Modern workings
have confirmed this, as partsof the vein have been stoped with both walls in lava.

48. High Rake Mine, Hucklow: This constitutes one of the most thoroughly documented cases
of the occurrence of exploitable mineralisation in toadstone on part of the Hucklow Edge/
White Rake mineralised fault system. Three main periods of working in the toadstone can be
recognised around 1757, 1784 and 1834 (Rieuwerts, 1964). Only the earliest episodes in 1757
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and 1784 could have been noted by Farey (1811). As early as 1757 toadstone had been penetrated
to the remarkable depth of 49 fathoms (89.6 m) giving a total depth to the shaft of 96 fathoms
(175.6 m) . Plans (Bagshawe Collection No. 587/18 in Sheffield City Library) from the second.
period of working clearly state that payable ore was located at a depth of 62 m in the toadstone
and the vein could be traced even deeper in the toadstone to a depth of 74.9 m as a thick 'barren
spar vein'. A further, parallel, vein was discovered north of the main vein toadstone but this

was uneconomic to work.

The High Rake Mining Company was formed in 1834 with the express intention of bottoming
the toadstone. In 1846 the shaft foot was standing at a depth of 98.8 m in toadstone. Borings
from the shaft bottom to an unknown depth also failed to locate limestone and the attemptwas
finally abandoned as a financial disaster in 1852. During this period the vein was stoped
in the uppermost 55 m of the toadstone to the east of the engine shaft (Bagshawe Collection

203).

The minimum thickness of 100 m for the toadstone in High Rake Mine is exceptional, the
most likely explanation being that the Cressbrookdale Lava had been intruded by a thick dole-
rite sill at this locality.

49, White Rake Opencast, Tideslow: Recent opencast workings on the western end of the Huck-
low Edge vein system has exploited a fluorite-rich portion of the vein where the Upper and
Lower Millers Dale Lavas have been juxtaposed by faulting. The vein also contains calcite,
marcasite and galena with secondary goethite, pyromorphite and cerussite. The geology of

this locality and localities 50, 51 and 52 havebeen described in detail by Walters (1980).

50. Black Hillock Mine, Tideslow: The White Rake, at its western extremity, continued into
the outcrop of the Potluck Sill as far as Black Hillock shaft (SK 141.783) ., The vein was
traced to a depth of some 80 fathoms (146.3 m) within the dolerite. The interaction of mineral-

isation on the dolerite produced a highly altered white rock consisting of kaolinite and
calcite with albite.

51, Chapmaiden Mine, Tideslow: Situated on Maiden Rake to the north of White Rake open-
cast (SK 147.784). Blocks of altered toadstone with veins of calcite-fluorite-galena-baryte
are common on the dumps. The geology of the area is complicated by the ‘chance toadstone
beds' of Farey (1811l).

52. Calvestones, Tideslow: A small parallel rake north of Chapmaiden Mine (Whitehurst,
1778) . This was also mentioned by Watson (1811) as 'very productive' in toadstone. The
rake transgresses the outcrop of the Upper Millers Dale Lava and at its western end there is
a much overgrown opencast in the lava,

53. Rake Head Mine, Bradwell Moor: This lies on Moss Rake (SK 143.800) and both the Upper
and Lower Millers Dale Lavas are present. Ore was found both in and under the toadstone
(Green et al.,, 1887).

54, Nunleys (Nunlowend) Mine, Castleton: This is situated on the eastern end of Long Rake,
to the west of Hope Cement Works. Faujas de St. Fond (1799), in describing a visit to Nunleys
Mine, noted the continuation of the rake into 'channel'. This ‘channel' is the Pindale Tuff
formerly exposed in the Hope Cement Quarry. The vein carried some ore in the tuff but was
apparently uneconomic to exploit. The mine was also visited by De Villiers et al. (1826).

55, Ashtons (Pindale) Mine, Castleton: Ashtons Mine (SK 163.825) exploited the eastern
extremity of the Dirtlow Rake System beneath the Namurian shale cover. According to Green
et al. (1887) a "greenish variety of toadstone was found to underlie the shale, without any
limestone intervening" , The rake could be traced in the toadstone as a network of veinlets

that carried small quantities of galena.

56. Dirtlow Mine, Castleton: Situated further west on Dirtlow Rake north of Pindale (SK
175.822), Dirtlow Mine extracted ore within the Pindale Tuff, some 22 m thick at this locality
(Green et al,, 1887).

57. Vein near Blacklane Farm, Peak Forest: An E-W vein can be traced as a line of disturbed
ground and old hillocks into an isolated outcrop of the Peak Forest Sill. In the spoil heaps

blocks of bleached dolerite, often strongly veined and brecciated occur together with columnar

gaicite and minor amounts of galena. This suggests that the vein was exploited within the
olerite,

58. 'Calton Hill Type'Mineralisation: This occurrence of mineralisation differs from all the
Previous recorded instances in that it cannot be related to a continuation of vein type mineral-
isation in toadstones. 1In its classic development - the lava, intrusive dolerite and vent complex
at Calton Hill large vugs in unaltered basalt and dolerites are lined with well crystallised
quartz, often of amethystine colour. Calcite and baryte occur as overgrowth on this quartz

lining. Pyrite and haematite are the only associated metallic minerals. A zonal distribution
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of quartz/caleite/baryte infills was at one time evident (Mueller, 1954; Ford, 1967) and sugge-
sted a close genetic relationship between the site of the extrusive vent and subsequent silica-
rich hydrothermal activity. During the present survey an additional occurrence of this type

of mineralisation has been noted from vugs within coarse, non-vesicular basalt of the Upper
Millers Dale Lava in a small quarry above Millers Dale (SK 134.730). This occurrence cannot
be directly related to the proximity of a vent.
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A WIRKSWORTH MINE AGENT'S LETTER
contributed by G. Darnborough

Worksworth December 3d. 1678

Sir

I have yos of ye 30th. last past & note ye contents . It was ye wantt of
water in Trent yt hindered our lead geting to ye market in due time .
This neither you nor I could helpe & as for Sir Jo . Curzons

500£ . bill you know I hinted to you 700£ ., I was tO «sess. him

but brought it to 500&£ . & further Sir John had hopes till last

weeke that he should have hadd money otherwares in London to

pay Sir Ro . Carr . It was promised him but ye party faild otherwares .
He had made noe use of my bill . I recd but 100& . of him

till now . I have sent up ye bill & most of ye money is yet

behind but I may have it on demand . Sir John is a honest person

& my good friend . & I am sorry you are straitened to pay that bill .

I have today bought 10 p of lead at bawtry at 9& . 10s . for a sov &

20 p fr mills at 9&£ . per sow & intend to mark it on our partible
account & shall buy more as you shall give encorragment . I perceive that
state affairs are now at a great height . I hope in God a good issue
will be to those high & wicked designs , if the people of this nation
walk humbly & uprightly & ply ye thorne of grace with fervent prayer .
In some haste 1 rest

Yr loving & obliged friend
Robt . Hayward

I have NH almost ready but
do not perfect it till have an
account from Hull which I hope
will come shortly to me .
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THE GEOLOGY OF HALLICAR WOOD ADIT, VIA GELLIA

by S.G. Walters and P.R. Ineson

ABSTRACT

Situated at SK,.2830.5722, Hallicar Wood Adit is some 400 m long. It exposes
strata which ranges from above the Matlock Upper Lava, through the Matlock Group
(Brigantian) limestones into the Matlock Lower Lava. The clay wayboards, scrins,
dolomitised wallrocks and mineralisation exposed in this unsuccessful trial are
described.

INTRODUCTION

Hallicar Wood Adit (SK.2830.5722) gives access to approximately 400 m
of adit workings on the south side of the Via Gellia to the west of Crom-
ford. It was termed the Hallicar Wood Sough by Flindall et al. (1977)
who reported a survey of the then accessible passages. Smith and Ford(1971)
briefly described the same locality and called it Groaning Tor Adit. The
present authors dispute both names for there is a Groaning Tor Vein on Bar-
master's plans to the west of the workings described in this article, and an
adit is not indicated. Likewise there is no evidence for the level acting
as, or being driven with, the specific purpose of dewatering mineral workings,
i.e. a sough. The authors therefore propose the geographical location name in
that it does not imply specific connotations.

The adit exposes a 55 m sequence of the Matlock Group (Brigantian)
limestones above the horizon of the Matlock Upper Lava. Recent extensions
have also provided a section of the Matlock Lower Lava.

GEOLOGY AND MINERALISATION

The initial 150 m of the adit were driven on a NE-SW trending scrin,
here termed the 'main scrin'. Other parallel scrins are also seen in cross
~cuts and these in turn are cut by a series of SE-NW joints and scrins.

The main scrin rarely exceeds 30 cm in width and is usually 10 to 20 cm
wide. It illustrates numerous divergent and convergent intersections

with dolomitic riders, and where the adit and the main scrin part it is

a 2 cm wide calcite veinlet. Evidence for movement along the dislocation
in the form of slickensides, is not observed; however, the main scrin dis-
places cross-courses for up to 0.8 m.

The dominant mineral infill of the main scrin is coarse crystalline cal-
cite with minor amounts of barite and galena. The barite, a pink earth form,
occurs either as a pre-calcite phase lining the walls or as stringers in cal-
cite. Galena, where present, is associated with the later phase of barite
deposition. As no evidence for the extraction of galena is observed the
prime objective of the adit may have been to test veins at depth.

The numerous cross-courses are shown in Fig. 1. Cross-cuts have been
driven on the larger of these while a number have been backfilled and stopes
are evident, for example at 12 m from the entrance where the adit has parti-
ally collapsed.

In addition to the mineralised scrins there are a number of either open
or red clay infilled fissures and enlarged bedding planes. The enlarged
bedding planes superficially resemble clay-wayboards; however, the clay in-
fill and the discontinuous nature of the horizons are diagnostic of solution
cavities rather than stratabound wayboards. The red clay most probably rep-
resents karstic action in the vicinity; it is also located infilling
Vugs in the main scrin.
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Adjacent to the mineralised fractures thewallrocks are heavily dolo-
mitised, and for the initial 150 m of the adit the walls are in dolomitised
limestone. However the stratigraphical sequence may be elucidated by the
presence of five clay-wayboards exposed in the adit (see Fig. l). The way-
boards may represent either atmospheric dust derived 'fossil soils' that
mantle emergent surfaces in the limestone sequence (Walkden, 1974) or rep-
resent the degraded distal pyroclastic material related to local basaltic
vulcanicity. Wayboard No.4 of Flindall et al. (1977) is 1.2-0.8 m
thick and may be equivalent to the Matlock Upper Lava. This view is sup-
ported by Dr. N,J.D. Butcher (pers.comm.) who believes that the Matlock
Upper Lava fronts' in the nearby Ball Eye Quarry, as well as the evidence
of Walters and Ineson (1980) who gave a geographical distribution of the
lava and Rieuwerts (1980, p.306) from a study of contemporary mining docu-
ments. The remaining wayboards are all less than 5 cm thick.

At the divergence of the adit and the main scrin the limestone wall-
rocks: are massive bedded, pale shelly micrites almost porcellanous in
character with poorly defined bedding planes. The adit adopts a 'coffin-
level' type profile beyond this locality. Approximately 25 m before the
Matlock Lower Lava is intersected a marked change in dip occurs which 1is
clearly defined by No. 1 wayboard. The regional dip of 10-159/135° changes
to one of 409/1350 for the rest of the adit. The contact between the lime-
stones and the lava dips at 509/135°, This marked change in dip may be
due to a local structural feature or some palaeotopographical expression
related to the lava. 42 m of Lower Matlock Limestone is exposed between
Wayboard No.4 and the Matlock Lower Lava.

The Wayboards cannot be correlated into adjacent areas. Worley and
Nash (1977) in describing the Jugholes Caves noted that of the six way-
boards in the Lower Matlock Limestones only two are laterally persistent.
Dunham (1954) and Smith et al. (1967) attempted to erect regionally
applicable composite sequences in terms of wayboard stratigraphy; this,
it is concluded, cannot, with the evidence available, be undertaken. The
42 m succession of the Lower Matlock Limestones compares with 35 m of beds
recorded in boreholes to the north of Ball Eye Quarry, 40 m in Oxclose
Mine Shaft and a maximum of 54 m in boreholes at Cawdor Quarry. The lime-
stones thin to the west for they are 28 m thick in the Tearsall area and
24.4 m thick in borholes on Bonsall Moor.

Following Findall et. al. (op.cit.) publication, the collapse which
blocked the adit at the limestone-lava junction, has been cleared and
provided access to over 40 m of workings which exposed the Matlock Lower
Lava and an overlying tuff. The tuff (3.5 m thick) 1is equivalent to the
iron-stained clay-rich horizon seen above the lava in Bonsall Basalt
Quarry (SK.283.574). Pyrite in the overlying limestones and upper sur-
face of the tuff has weathered and produced a 10 cm thick orange clay
which passes into a grey clay and then the typical pale green 'toadstone
clay'. Unlike weathered surface exposures, this tuff has not been de-
calcified and has remained compact and coherent. It grades into a coarse
tuff with included blocks and fragments of amygdaloidal basalt and lime-
stone clasts (often > 10cm in diameter) the whole set in a fine-grained
clay matrix. Graded bedding is developed towards the base where the over-
all grain size is coarser but the large basalt and limestone fragments are
less frequent in number. The tuff overlies a 0.4 m thick fine grained
chocolate=-brown clay (the Brown Bed' of the present contribution) the
uneven base of which rests on weathered vesicular lava. Fragments of the
lava are included in the base of the 'clay horizon', which in appearance
is similar to the columnar clay beneath the Tideswell Sill and considered
to be a volcanic mudflow. A petrographic examination of the clay indi-
cates small limestone clasts ( > 85% ) basaltic pyroclastic fragments
(5%) and organic debris set in a sparry calcite matrix. Visually it is
identical with material infilling the Ember Lane Vent, south of Low Mine
(SK. 284,586). The strong iron-oxide coatings, marked rounding of the clasts
and preponderance of country rock fragments suggests that the material
represents a pyroclastic explosion breccia associated with strong degassing.
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A highly vesicular 1.5 m horizon overlies a non-vesicular, coarse
holocrystalline basalt of which 20 m are exposed. As vesicular units
are rarely seen, it would imply that the whole succession represents
a single flow comparable with exposures in Bonsall Basalt Quarry. In
contrast with the hard black lava, the adit is intersected by a number
of pale-green clay-rich alteration zones associated with numerous cal-
cite veinlets. The larger alteration zones (> 1.0 m thick) indicated
on Fig. 1, trend NE-SW, have a vertical displacement of up to 0.4 m,
and as they lie on the projection of the Goodluck Sough Veins to the
east most probably represent the peripheral mineral influx, i.e. cal-
cite. As the adit forefield terminates in an intense zone of altera-
tion (where a vein coincides with the line of the adit) it proves that
this mining venture did not penetrate the Matlock Lower Lava and was
therefore unsuccessful as a trial of veins at depth.
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A REVIEW OF THE DISTRIBUTION AND CORRELATION OF IGNEOUS ROCKS
IN DERBYSHIRE, ENGLAND

by

S.G. Walters and P.R. Ineson

.y

Summary

The classical work on the igneous horizons {n Derbyshire was published by
Bemrose In 1894 and 1907. Although many of Bemrose's localities have long
since been obscured, recent exploratory drilling, mining, opencast work and
temporary exposures have provided additional details. The county {s sub=
divided into four geographical regions, the Matlock - Wirksworth, Alport -
Bakewell - Taddington Dale, Castleton - Buxton - Tideswell and the Eyam =
Longstone - Litton regions.,

The geographical distribution and thickness variations as well as the
-stratigraphical horizon of the sills, lavas/tuffs, wayboards, dykes and vents
are described and {llustrated in detail. The sills include those at Bonsall,
Ible, Waterswallows, Peak Forest, Potluck and Mount Pleasant. Dykes are
recorded at Buxton Bridge and in Great Rocks Dale. Grangemill, Ember
Lane, Bonsall Moor, Calton Hill, Ditch Cliff and the Speedwell Littoral
Cone are examples of previously evoked vent structures. Some of the

- extensive tuff horizons are located at Shothouse.Spring, Ravensdale, Dove
Holes, Pindale, Litton and Longstone Edge.’ In Derbyshire, four lavas are
well known, the Matlock Upper and Lower, and the Miller's Dale Upper and
Lower Lavas of the Matlock ~ Wirksworth and Castleton - Buxton -~ Tideswell
regions respectively, However, a number of additional horizons are exposed
or have been encountered in mines and boreholes. Included in this group are
the Winster Moor, Alport Upper (Conksbury Bridge and Lathkill Lodge), Alport
Lower (Bradford Dale), Shacklow Wood, Lees Bottom, Millclose, Cave Dale,
Cressbrook Dale and Cressbrook Mill Lavas.

This revle'w. based on previous publications, recent borehole information

and present day field observations, includes correlation tables for the above
mentioned igneous horizons in Derbyshire.

Nature and Scope of the Review

The Dinantlan limestones exposed in the South Pennines contain a varled assemblage of
. contemporaneous basaltic lava flows, tuff horizons and vents, together with Intrusive sills and
dykes. In general all the igneous rocks are poorly exposed and especlally so in the north
between Castleton and Buxton, as well as in the east between Bakewell and Wirksworth; only
in the Matlock area are reasonable outcrops encountered.

Mercian Geologist, vol.8, no.2,

1981, pp.81-132; 18 text-figs.,

cover and plates 2-4

81



A number of igneous horizons are known to extend to the east under the Namurian
strata, for volcanie products have been recorded (Ramsbhottom et al., 1962) from the
limestone inliers at Ashover and Crich. Igneous activity has not been noted in the south-
western part of the South Pennines, around Dove Dale nor in the Manifold Valley.

Bemrose's publications {n 1894 and 1907 have, in general, remained the only systematic
account of the igneous activity in the region. He divided the same into two parts, a north-
west or Miller's Dale area, and a south-east or Matlock area, which included Ashover and
Crich. Within these two areas, Bemrose (1907) recognised two major lava horizons, the
Miller's Dale Upper and Lower and the Matlock Upper and Lower Lavas, but noted that the
two sets of lavas lay at different stratigraphical horizons. In doing so, he destroyed the
concept advocated by Pilkington (1789), Watson (1811, 1813) and Farey (1811), etc. of the
continuity of the 'main toadstones' over the whole South Pennine orefield. In addition to these

four lavas, he recognised a number of additional volcanic horizons, which he was unable to
correlate.

Subsequent to Bemrose's field observations, information on the stratigraphical complexities
and subsurface distribution of the various igneous horizons has increased considerably. Individual,
but localised publication (Traill (1940), Shirley (1950) and Walters (1980)), together with general
compilations (Institute of Geological Sciences sheets (SK26SW, etc.), mining companies borehole
data (personal communications) and the authors’ field observations, have added to this knowledge.
The inter-relationships of Bemrose's 'uncorrelated lavas' can now be elucidated and many have
subsurface developments far in excess of his 'main lavas'. In addition, further lava flows have
been recognised that have no surface expression. This was exemplified at Millclose Mine by
Traill (1940) and Shirley (1950) who recorded seven lava horizons.

The present compilation attempts to synthesise current knowledge on the stratigraphy of
the numerous lava and tuff horizons. This has involved a detailed examination of old mining
records (Sheffield City Library and Derbyshire Records Office, Matlock) and early literature
sources, e.g. Hopkins (1834). These documents contain a wealth of information, with respect
to the location and thickness of the igneous horizons, but must be interpreted with due caution.
Information from the above has been combined with details from boreholes, often unpublished
but given to the authors,* together with observations from recent mining activity, exploration
of disused mines and exposures in opencast sites, mines and quarries developed after Bemrose 8
publications.

The frequency of surface and subsurface exposures, together with borehole information
permit the volcanic horizons to be traced and invariably correlated, over distances of up to
10 km. Elsewhere and especially beneath the Namurian cover, information is scarce and
correlation more intuitive. Attempts in using K-Ar isotopic age determinations for correlative
purposes have not been successful due to the complex post-extrusive hydrothermal events.
Fitch, Miller & Williams (1970) and Ineson & Mitchell (1973) report that the material gives

consistently younger ages, more probably related to mineralising episodes than the extrusive
activity.

At present, thirty distinct lava or tuff horizons can be recognised, the outcrops of which
are poorly exposed. They are often marked by an inconspicuous feature or may be traced over
'marshy ground', the upper limit of which is often a spring line. Recourse to auger holes,
animal and mine spoil is often necessary in order to trace an outcrop. Only rarely are actual
boundaries observed and in the foregoing text and figures all boundaries and outcrops etc. are
conjectural unless otherwise stated. A major part of the South Pennines has recently been
resurveyed by the Institute of Geological Sciences and the outcrop distributions given in this
paper are based on their published maps with modifications arising from borehole data and
the authors'’ fleld observations.

_ *The authors were provided with borehole logs and core, etc. on the understanding that no
detalls be released at this stage, other than for the igneous horizons.
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Historical Summary

Mining records indicate a varied and often confusing terminology with respcet to these
deposits. The most common term is 'toadstone' - a word of uncertain derivation (see Ford,
1977). Records also refer to 'blackstone', this may in a number of instances be equated to
either the lavas or to bituminous limestones. 'Channel' - a term used in the northern area
may likewise be a synonym for toadstone or refer to 'clay alteration products. Occasionally
the term 'dunstone' is used for the igneous horizons at outcrop, but more commonly indicates
dolomite. Weathered amygdaloidal lava and _toadstone-clays (Garnett, 1923) are cited as ‘cat
dirt', while 'wayboards' may be either tuffaceous clay partings or residual (clastic/insoluble)
clay horizons within the stratigraphical sequence (Walkden, 1972), Whitehurst (1778) initfally
described these rocks and recognised their intrusive igneous origin. In the Matlock area he
depicted three toadstone horizons with 'a vent structure' at Grangemill, Faujas de St. Fond
(1779) refuted an intrusive origin, regarding them as 'traps' or sedimentary precipitates, after
the Neptunists' school of thought.

An extrusive origin was subsequently proposed and advocated by Pilkington (1789), Watson
(1811, 1813), Farey (1811) and Hopkins (1834) all of whom considered that Derbyshire had three
. toadstone horizons. Farey, in particular, placed emphasis on three continuous toadstone
horizons; however, in addition, he recognised areas with 'chance beds', that is, localised
toadstones, e.g., Mogshaw Mine at Sheldon.

Significant contributions were the Geological Survey Memoirs (Green et al., 1869, 1887)
in which the volcanic nature of the deposits was substantiated, but the validity of their persistent

nature was questioned.

) Without doubt the most authoritative account of the deposits is Bemrose's 1894 and 1907
papers. In his first paper he provided detailed petrographic descriptions of the lavas and tuffs.
The diversity of rock types was enumerated by Geikie (1897), who encouraged Bemrose to remap

the field relationships, the results of which he published in 1907,

Geographically the igneous rocks are found in four regions: (1) Matlock to Wirksworth;
(2) Alport to Bakewell; (3) Castleton to Buxton; (4) Eyam to Longstone Edge. The two main
lava groups erected by Bemrose are retained but are further subdivided to include
extensive sub-surface developments of igneous material in the Eyam and Bakewell - Alport areas.

1. The Matlock - Wirksworth region including Ashover and Crich

A number of lavas, tuffs, vents and sills occur in the region (text-fig, 1). The Matlock
Upper and Lower Lavas predominate in a varied sequence of igneous rocks, and are to be
found from Wirksworth in the south to Gratton Dale in the west. The northerly extent of these
horizons s in the area of Millclose ‘Mine (Darley Dale) while the eastern boundary cannot be
stated due to insufficient information. One or both of the lavas may extend towards Ashover
and in part constitute the complex volcanic sequence located beneath the limestone inlier.

The third lava is the Winster Moor Lava. It has a restricted geographical distribution
and is confined to the ground between Gratton Dale, Winster and Bonsall Moors and the workings
of Millclose Mine. Considerable confusion has arisen due to previous papers failing to report
the Lava, or inserting it at an incorrect stratigraphical horizon.

Two sills, the Ible and Bonsall Sills, named after the villages where they are well exposed,
are also described, as well as a number of tuff horizons. The Matlock - Wirksworth region
also contains a number of vent structures. Those at Ember Lane and Grangemill are well
known and documented, however at least another two are to be found in this region.
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A complex volcanic sequence is known to underlie the Ashover Inlier and a less complex,
but otherwise insufficiently documented sequence is located in the Crich area. The Ashover
area presents considerable difficulties with respect to the correlation of the volcanics with
similar strata to the west.

The Winster Moor Lava

The Winster Moor Lava occurs at the Asbian/Brigantian (George et al., 1976) boundary.
Exposures are minimal, so much so that the Lava was not recognised until recently as a
distinct unit (Shirley, 1950).

, Pilkington (1789) recorded a 'third toadstone' some 10 m thick at Hang Worm Mine

(3 miles south-west of Snitterton), Strahan (In: Green et al., 1887) recorded a thin bed of
toadstone, east of Winster Moor Farm, below the Matlock Lower Lava, and reported apparent
frregularities in toadstone thicknesses at Whitelow Rake (text-fig, 1). The present authors
attribute this apparent irregularity in the thickness of toadstone to the juxtaposition of the
Winster Moor Lava and the Matlock Lower Lava and Strahan's failure to recognise the Winster
Moor Lava as a separate lava flow in this area. However neither Bemrose (1907) nor Traill
(1940) recognised the Winster Moor Lava.

The Lava was named by Shirley (1950) who subsequently reported outcrops on Winster and
Bonsall Moors (1959). It has been traced westwards to Gratton Dale where due to rapid thinning,
the Lava is represented as a wayboard; the southerly limits and exact extent beneath Bonsall
Moor have, as yet, to be defined; ' The Institute of Geological Sciences map, 1:50,000 Sheet 111
(Buxton), show an isolated outcrop of weathered Winster Moor Lava near Grange Quarry (SK220.560).
. This is difficult to reconcile with the known geographical distribution of the Lava. The eastern
limit of the Lava is at present uncertain.

The northerly extension of the Winster Moor Lava, into the Stanton Syncline and the
Millclose workings was,until recently, conjectural. This arose because previous authors
failed to recognise the Lava as a distinct horizon, as well as uncertainties with respect to
the exact position of the Matlock Lower Lava. Additional complexities were introduced with
respect to the location of the Asbian/Brigantian boundary. The latter is based on the change
from the massive bedded pale limestones of the (Asbian) Hoptonwood Group to the thinner
bedded, darker and more variable facies of the (Brigantian) Matlock Group. In Millclose Mine
this change was recognised above the Upper 129 Toadstone, where a thick sequence (30 m) of
bituminous limestones are documented (text-fig. 2). At outcrop, Smith et al., (1967) and
Shirley (1950) considered the Matlock Lower Lava to lie at this lithological change, but to be
overlain by a locally attenuated sequence of bituminous limestones. Traill (1940) considered
the Matlock Lower Lava to terminate before Old Millclose Mine. He postulated that it may
be correlated, through Millclose Mine by means of the Passby Wayboard - 13.4 to 22.9m
above the Upper 129 Toadstone horizon., The stratigraphical implications of this hypothesis
were recognised by Shirley (1950) although his subsequent interpretation, rather confused the
problem. ’ .

The apparent absence of bituminous limestones beneath the horizon of the Matlock Lower
Lava at outcrop was attributed to either a facles change or an erosional episode. Shirley (1950)
considered that in Gratton Dale (text-fig. 1) the Matlock Lower Lava (the Tearsall Farm Lava)
wedged out. He assigned outcrops of lava in the Gratton Dale area to his 'Gratton Dale Lava"
which he considered to be stratigraphically between the horizon of the Winster Moor and the
Matlock Lower Lavas. In recognising bituminous limestones from above the "Gratton Dale Lava
horizon", that is, from below that which he considered to be the level of the Matlock Lower
Lava, he correlated this sequence with the Upper 129 Toadstone and bituminous limestone
of Millclose Mine. Subsequently the Matlock Lower Lava and the Gratton Dale Lava have
been shown to be the same (Institute Geol. Sci., 1976b) thereby invalidating Shirley's hypothesis.

Smith et al. (1967) continued and increased the confusion by not considering the horizon

of the Winster Moor Lava in their discussion of the Asbian/Brigantian boundary and the correlation
of the Millclose and Matlock Lavas. They considered three possibilities for the correlation
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of the Upper 129 Toadstone (Asbian/Brigantian boundary) of Millclose Mine with successions
at outcrop:

1. Shirléy's (1950) hypothesis outlined above.

2.  On the 'grounds of thickness', all lavas in Millclose Mine below the
Upper 129 Lava; Upper 129 Toadstone, Lower 129 and 144 Pump
Station Lava; pass laterally into the Matlock Lower Lava, This.
implies that the Matlock Lower Lava straddles the Brigantian/Asbian
boundary in the Matlock area and its extrusion represents a period
of time equivalent to these three lavas and intervening limestones
seen in North Millclose.

3.  The Matlock Lower Lava correlates with the Upper 129 Toadstone
(not the Passby Wayboard) and the apparent diminution of the
bituminous limestones sequence at outcrop is a facies change, as
the limestones are traced towards the Matlock Anticline.

Not one of these possibilities is accepted by the present authors. Recent opencast
mining north of Moor Farm on Bonsall Moor has exposed a sequence of some 20 m of
bituminous limestones between the Winster Moor Lava and the Matlock Lower Lava. This
indicates that the failure of previous workers to recognise such a sequence, was due to
poor exposures. It is therefore proposed that the Winster Moor Lava is equivalent in age
to the Upper 129 Toadstone, and that the two lavas occur at the Asbian/Brigantian boundary.
It is possible that these two horizons are part of the same flow.

Shirley (1950) noted some 30 m of bituminous 'D," limestones above the Upper 129 Toadstone
at Millclose Mine, passing upwards into pale coloured, coral rich horizons above the horizon of
the Passby Wayboard. Similar sequences are now recognised at outcrop with 20 m of bituminous
limestone beneath the Matlock Lower Lava. At Tearsall Opencast Site, approximately 5 m of
bituminous limestones lie on the Lava and are overlain by rich coral horizons. This sequence
correlates with the similar facies change seen in Millclose Mine. Thus the Matlock Lower Lava
and its probable equivalent, the Passby Wayboard, lie within the Brigantian. The redefined
horizon for the base of the Brigantian has been recognised (I.G.S. Buxton Sheet 1:50,000 No.111)
and located, around Grangemill, beneath the Matlock Lower Lava even where the Winster Moor
Lava is absent.

Worley (1978a) in one of the more recent compilations on the stratigraphical occurrence of
the lava horizons, placed the Asbian/Brigantian boundary at Millclose Mine even lower, at the
Lower 129 Toadstone horizon. The authors cannot locate supporting evidence to substantiate
this hypothesis.,

Matlock Lower Lava

Geographical Distribution

The Matlock Lower Lava has an extensive but poorly exposed outcrop extending from west
of Gratton Dale to Masson Hill and the Bonsall area (text-figs.1 & 3). It is recognised in inliers
in the Derwent gorge at Matlock and Matlock Bath. South of the Bonsall Fault, the Lavaoutcrops
at the bottom of the Via Gellia around Ball Eye rising in altitude towards the west. On the
northern side of the valley the Lava passes laterally into a tuff associated with the Grangemill
vents, The western extremity is to be found in the fault-complicated outcrops at Aldwark.

South of the Via Gellla it can be traced to Middleton Moor, but has not been located south of

Godfreyhole (text-figs. 2 & 3). ..

Masson Hill Area

The authors consider that the lava reaches its maximum thickness in the Masson Hill area
where a series of boreholes (drilled by Exsud in 1971) on Great Rake proved 99 m of lavas and

tuffs (text-fig. 2).
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Three distinct flows, characterised by vesicular upper and lower surfaces and separated
by ash or decomposed clay, are recognised. The lower two units contain an abundance of
marmorised limestone and angular basaltic fragments which result in an almost agglomeratic
texture. The upper unit 18 exposed in an old opencast site on Masson Hill, where Great Rake
has been worked within the Lava. The Interaction of the mineralisation with the Lava has
given rise to a zone of bleached and intensely altered lava.

Beneath the three flows, 40 m of ashes and lavas have been encountered. A varled
assemblage of thin flows, ashes, calcareous ashes and tuffaceous limestones are interbedded
with thin limestones. The complex sequence is difficult to correlate between individual bore-
holes. The maximum development may represent the flanks of a developing cone with sporadic
and localised pyroclastic eruptions followed by periods of quiescence and inundation. The cone
developed and was the precursor to the main effusive phases that culminated in the extrusion
of the Matlock Lower Lava.

Associated with the Lava a number of vent feeders have been recognised in the area.
They {llustrate an alignment parallel to the Matlock anticline. Typical of such vents is at
Ember Lane, 350 m southwest of Low Mine (SK284.586). Bemrose (1894) described it initially
as a problematical exposure of tuffaceous limestone passing into bedded ash, and subsequently
(1907) proposed that the exposures were best explained as an agglomerate filled vent. An
unusual feature is the preponderance of limestone clasts with altered pumice fragments in an
fron-stained matrix of shards and comminuted volecanic material. Trenching (pers. comm.,
N.J.D. Butcher) has indicated an intimate relationship between the lava and the 'agglomerate'.
This 'vent' may represent the flanks and feeder for a (40 m) tuff rich limestone succession
beneath the Matlock Lower Lava around Low Mine.

Smith et al. (1967) located an abundance of tuffaceous limestone built into field walls
some 600 m north-west of Low Mine and suggested another vent. Bemrose (1907) considered
the outcrop to represent a bedded tuff. As its stratigraphical horizon is beneath the Matlock
Lower Lava, it is more probably related to the basal ash and lava 'agglomerate' sequence
seen at Low Mine,

Ixer (1975) from borehole evidence, indicated that the lava was 80 m thick around Masson
Hill Opencast Pit, At Masson Hill the basal 4-13 m of the Matlock Lower Lava is typified by
a sequence of lava, tuffaceous limestone and tuff (the Masson Tuff of Ixer) which most probably
equates with the sequence at Low Mine. In addition, Worley & Dorning (1977) recognised a
1 m tuff above the Matlock Lower Lava. The 'Little Toadstone' of Dunham (1952) and Ixer
(1975) is a thick clay wayboard a few metres above the lava., Dunham (1952) proposed that
the Little Toadstone exercised considerable influence on the replacement of limestone by
fluorite and the localisation of the mineral deposits. This hypothesis cannot be demonstrated
from exposures in the recent extension of Masson Hill Quarry for the wayboard {s of such
a minimal thickness that in all probability it would not have acted as a temporary cap rock.
This wayboard horizon cannot be located in a southerly direction, but a thick and highly variable
wayboard occurs in Masson Mine and in Jugholes Mine to the north. Boreholes on Bonsall
Moor have located a thick graded tuff with abundant pumice fragments and glass shards in a
calcareous matrix at a similar stratigraphical horizon, This unit the authors equate with the
'Little Toadstone' on Masson Hill,

At Tearsall Mine (SK262.600) Bemrose (1907) noted exposures of a fissile, bedded tuff
overlying a vesicular lava, which has recently been re-exposed. Smith et al. (1967) recorded
a thickness of some 25 m for the Matlock Lower Lava at Tearsall Mine which equates with
Pilkington's record (1789) of 15 fathoms (27.4 m) of blackstone from this area.

Whitehurst (1778) noted a shaft at Slack Mine (SK257.597) which had been sunk 40 to 50
fathoms in toadstone without reaching the base, while other shafts only some 55 m to the west
and east indicated the same horizon as being 20 fathoms (36.5 m) thick. Slack Mine had in
fact been sunk into the Bonsall Moor Vent of Smith et al. (1967). Tuffaceous agglomerate
fragments are present on the mine dumps.
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In a southerly direction the lava is Interpreted as occupying the southern limb of the
Matlock anticline north of the Bonsall Fault. Highly weathered material overlies a silica/
fluorite replacement deposit in the Blakemere Lane opencast site (SK261.589) in an area of
complex faulting. Bemrose (1907) recorded a problematical outcrop of agglomerate some
500 m south-east from this opencast site along Moor Lane.

Western Outcrop Area

West of Bonsall Moor, Green ef al. (1887) recorded a thickness of 36 m for the Lower
Lava in Wills Founder Mine (SK235.617). Worley (1977) from the same mine, described the
uppermost part as exhibiting ‘pseudo~ spheroidal pillow structures's

ALCOA boreholes penetrated the lava while investigating Coast Rake, north of Winster,
and proved it to be 27-35 m thick. It was also intersected at Portaway Mine, while to the
south, an opencast site on Whitelow Rake (SK232,598) cut through the lava. Further to the
west the lava thins and finally disappears west of Gratton Dale. The northern extent of the
Lava {s certainly south of Millclose Mine as it was not located in any of the 20th century
exploratory drifts from Watts shaft.

.

South of the Bonsall Fault

The Matlock Lower Lava is exposed in the Bonsall Wood Basalt Quarry where it is 25 m
thick. On the south side of the Via Gellia the lava has been intersected in Groaning Tor Adit
(SK2830.5722). It is overlain by 3.5 m of tuff, weathered to a toadstone clay in the uppermost
15 cm. The central zone of the tuff contains angular blocks of basalt and limestone which pass
into graded tuff. The base is intensely iron-stained and rests on a vesicular basalt, The flow
(senso-stricto) has an upper vesicular horizon which quickly grades into a hard 'relatively’
fresh compact basalt, The lava is traced along the Via Gellia until displaced by the Gulph Fault,

Around Grange Mill (SK266.569) the Lower Lava has been interpreted by Smith et al. (1967)
as passing laterally into the Shothouse Spring Tuff which had previously been regarded as being
below the Matlock Lower Lava. The Shothouse Spring Tuff is spatially related to the Grangemill -
vents and dykes associated with the vents. The locality described by Geikie (1897) and Bemrose’
(1907) is visible opposite Grangemill. West of Grangemill this tuff grades into the basalt which
finally terminates in the Aldwark area. '

The interplay of the Grangemill vents and the Matlock Lower Lava is difficult to assess.
The lava does not increase in thickness adjacent to the vents, as it does at Low Mine, indeed
the Shothouse Spring Tuff replaces the lava. It may be the case that the vents are associated
with small cones in a localised positive area around which the lava flowed.

South of the Via Gellia the Lava can be traced around Middleton Moor and has been recorded
from numerous lead mines. Above Hoptonwood Quarries (SK263.558) recent excavations exposed
a thickness of 6.7 m with a 3 m thick tuff overlain by a thin lava. Green et al. (1887) recorded
some 13 m of tuff at nearby Bradhouse Mine. Worley (1978) refuted this figure and noted the tuff
as being 3 m thick, which {s consistent with the present reappraisal. The lava in this area, we
suggest, may equate with a lobate flow front as it dilates once more in a southerly direction to
Godfreyhole. A thickness of 10 m {8 recorded from boreholes on Middleton Moor (Worley, 1978),

Middleton Moor

In sections above Middleton-by-Wirksworth Limestone Mine (SK277.557) the Matlock Lower
Lava i{s located beneath cambered Matlock limestones. Fresh spheroids of basalt suspended in
a toadstone-clay matrix and a diminution in thickness indicate localised 'squeezing' of the lava,
In the Mine, the Lower Lava rests on a palaeokarst surface in the Hoptonwood limestones.
Karstic pits, up to 10 m deep, infilled with weathered blocks of lava, tuff and limestone in a
clay matrix occur beneath the Matlock Lower Lava. This erosional interval may equate with
Brigantian Limestones located between the Winster Moor Lava and the Matlock Lower Lava
in the northern area (text-fig. 2).

South of Middleton Limestone Mine the Lava rapidly thins. Although no longer exposed,
Smith et al. (1907) recorded a problematical flow front of 20 m of weathered and brecciated
lava Interdigitating with limestones (SK278.555, text-fig. 3).
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Cromford-Wirksworth Area

The continuation of the Matlock Lower Lava into the Cromford-Wirksworth area is
unclear. A thin lava.was seen in the floor of Middlepeak Quarry (SK287.546). TFarey (1811)
recorded a number of mines between Cromford, Middleton and Wirksworth as working veins In
the '3rd and 4th lime' which Implies recognition of the '3rd Toadstone' or Lower Lava.

Gang Mine ylelded galena from the 'lst Toadstone'. Old mining records refer to the
'Great Clay' and infer that it was thicker than normal wayboards. Marked on a 1777 plan
of Cromford Sough, it was Intersected either side of the Bolehill Anticline. The Great Clay
was located in Brandrix and Rantertaker Mines working Gang Vein at SK289.657 and SK289.684
respectively. At the former locality, the Meerbrook Sough, some 54 ft. (16.5m) below
Cromford Sough (Oakman, 1978) intersected the Great Clay, here sald to be 6 fathoms (11 m)
thick. A section by Wheateroft (1831) depicts the Great Clay displaced by the Gulph Fault,
‘and indicates its location 160 ft. (46.8 m) beneath the base of the shales. Alsop (1845)
equated the Matlock Lower Lava with the Great Clay of Wirksworth.

East of River Derwent and Crich

The Matlock Lower Lava can be traced east of Low Mine and in two inllers flooring the
Derwent Valley at ‘Matlock and Matlock Bath (text—fig. 1) Between Matlock Bath and Low Mine
the position of the top of the lava has been proved in a series of boreholes drilled by Exsud
during 1971 and 1972. Watson (1813) recorded a shaft on Bacon Rake as sunk through the
'basaltic amygdaloid with a cinder top' - 40 fathoms thick' (73 m). The weathered upper surface
can be located below the pipe deposits in phis area, e.g. Wapping Mine.

East of the River Derwent, beneath the Namurian cover, the Matlock Lower Lava has not
been located. A lava has been recorded from Crich, The Crich mines were some of the
few mines to prove 'rich ore' beneath the toadstone and thus stimulated similar, but unprofitable
ventures, elsewhere in the orefield. DBacchus Mine cut through 20 fathoms (36.6 m) of lava whilst
Pearsons Venture Mine found an 11 fathom (20 m) development according to Green et al, (1887,
P.154). In the centre of the anticlinal structure, at Glory Mine (SK343.559) the toadstone was
9} fathoms thick (17.4m). Bemrose (1894a) briefly described the occurrence of lead ore in
lava and the associated alteration encountered in Glory Vein at Wakebridge Mine. At Old End
Mine (SK346.558) the lava was 9} fathoms thick (17.4 m).

The variable thickness of the toadstone (Lava) in the Crich area was noted by Alsop (1845)
who stated: 'a thick bed of toadstone sunk through at one shaft diminishes to a foot or two in
thickness at the other'. " This statement is difficult to reconcile with published data for the
area, but may indicate a local flow front.

The lava at Crich is located at a similar stratigraphical horizon as the Matlock Lower Lava
in the Matlock area and may-therefore be part of the same flow (Smith, et al., 1967). The
eastern limits are unknown; however ‘'igneous: horizons' have been located beneath the Derbyshire
coalfield (Smith et al., 1967). : :

Matlock Upper Lava

The Matlock Upper Lava has, in comparison to the Matlock Lower Lava, a restricted
outcrop. . It extends from Tearsall Mine (SK262.600) in the west to Masson Hill (SK286.587)
and the Derwent gorge in the east. The southernmost extremity is at Ball Eye Quarry in the
Via Gellia. South of the Bonsall Fault it does not form a mappable unit (text-fig. 4),

_ The maximum development ls observed in the Masson Hill-Jugholes area (text-fig., 2).
According to Dunham (1952) the lava is 21.5m thick on Masson Hill and at least 24 m thick
at Jugholes Mine, where it is exposed in the entrance to the lower adit. A more recent
compilation by Worley (1978) Indicates 35m of lava on Masson Hill, while in Oxclose shaft
(SK275.599) . 29m is proved.w . : :
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Vesicular and non-vesicular basalts are exposed along Salters Lane and similar outcrops -
can be traced below the summit of Masson Hill. From horehole evidence the Matlack Upper
Lava can be traced adjacent to Seven Rakes vein at Cawdor Quarry, Matlock, where it is 36 m
thick (Smith et al., 1967). Lead ore was recovered (Farey, 1811) from within the Lava at
Seven Rakes Mine, and below High Tor (SK296,593) there are old opencast workings in the Lava.

Varvill (1959) noted that in Riber Mine, the Matlock Upper Lava was some 20 m. thick:
In a southerly direction it can be traced along the Derwent gorge towards Cromford.- Exsud's
boreholes at Upperwood proved the Upper Lava to be approximately 10 m thick, Around Ball
Eye Quarry, in the Via Gellia, it is involved with the Bonsall Fault zone, where Butcher (1976)
proposes fault and thrust repetitions to explain the complexities. :

In Groaning Tor adit, on the southern slopes of the Via Gellia (SK283.572),a 1m wayboard
lies some 40 m above the Matlock Lower Lava. This wayboard is the last vestige of the Matlock
Upper Lava. A similar correlation may be' evoked with thick wayboards.located in cores from . .
Bonsall and Middleton Moors, although a definitive statement is not possible.

In a northerly direction the Lava can be traced into Millclose Mine where it is 18 m thick
in Watts Shaft and 23 m thick in Lees Shaft (Traill, 1940). North of these localities, Traill
recorded a termination prior to No. 1 Winze. Recent borehole information confirms Traill's
outline distribution map and supports his hypothesis of an emanative centre to the north of
Matlock (text-fig. 4). '

East of Matlock, the top of the Matlock Upper Lava has been proved in a series of bore-
holes in the Riber Castle, Tansley and Highoredish area (Ramsbottom et al., 1962), The Lava is
abgent at Crich, although Alsop (1845) reported a clay wayboard varying from 30 cm to4m and
containing nodules of compact toadstone. A similar relationship cannot today be observed, but
Smith et al. (1967) considered that Alsop's report may refer to the uppermost clay wayboard in ‘
the Matlock Group and equated it with the Upper Lava. If their supposition is correct it may
infer the possibility of a flow front in the vicinity. Although the Highoredish borehole intersected’
the Matlock Upper Lava, the horizon cannot be traced with certainty, Into the voleanic sequence
at Ashover (1.7km to the north). Additional clay wayboards, in the Crich area, were reported
by Sargent (1912), ’

Ashover Area

} - . e W W ot T T
Correlation of the mff sequence exposed in the core of the Ashover. anticline has always i«
been uncertain. As Bemrose (1907) noted, the top of the sequence lies close to the level of

the Matlock Upper Lava, but the date of the initial volcanic activity is not known.

s+ * Mining during the 18th and 19th centuries proved abnormally dilated 'toadstone’ sequences.
Cockwell Mine on driving north intersected toadstone on the Great Rake. The Blue Hillock shaft,
sunk in 1781, and an exploratory level, proved the 'toadstone' to he 24 yds (22 m) thick. A
northward continuation of the exploratory level, towards the centre of the anticline was driven
in toadstone while a second exploratory underground shaft, 274 m northwest of Fall Mill, proved
54.9m of tuff. Band (1976) indicated that, from shaft bottom, a boring for a 'considerable
distance' did not bottom the toadstone. Green et al. (1887) recorded Milltown Mine shaft as
82 m deep, and stated that it encountered toadstone. New Engine shaft of Gregory Mine, on
the western flanks, is depicted on old sections as reaching the top of the toadstone, The
toadstone (upper surface) was intersected at a depth of 54,9 m in Westedge Engine shaft in~
the northern Ashover area. Farey (1811) recorded that lead ore was worked in the toadstone.
A shaft on Townhead vein, some 230 m north-north-west of Ashover Church, proved toadstone
55 m beneath the top of the limestone. On the eastern flanks of the inlier, the top of the
toadstone was intersected 84 m below the base of the shales, in Hogsland shaft, on Fall Hill )
vein, B

Documentary evidence for the central area was provided by Ramsbottom ef al. (1962) who -

indicated that the Fallgate borehole intersected an exceptionally thick (293 m) volcanic assemblage.
A 95m tuff as well as basaltic flows and autobreccias were recorded. The borehole was abandoned
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prior to penetrating the full volcanic sequence. The pyroclastic sequence may represent the
core and flanks of a volcanic cone. The Milltown borehole, located on the flanks of the anti-
cline, some 183 m south of the Fallgate borehole, indicated a rapid thinning of the tuff as
well as failing to penetrate the full sequence in its 137.5m.

The Ashover area clearly marks the site of a substantial volcanic cone centred on the

. Fallgate area.- Distributional analyses of the Matlock Upper and Lower Lavas do not support
the proposition that Ashover was a major contributor to the flows in the Matlock area.
Although the Upper Matlock lava has been located between Matlock and Ashover, from bore-
hole evidence it is inferred that the Ashover inlier represents the centre of a large but
localised volcanic cone. The stratigraphical horizon of the Ashover 'volcanics' is uncertain,
as correlation demands the lower limits, as yet unencountered, to be specifieds A recent
paper by P. Kelman (1980) provides additional information.

The Bonsall Sill

The Bonsall Sill {s one of the largest igneous bodies in the South Pennine area'and is
intruded into the crest of the Matlock Anticline. It has an outcrop (text-fig. 1) approaching
1km® but s poorly exposed. The dolerite varies, from a coarse ophitic type with remnants
" of fresh olivine, to a finer grained marginal facies described by Bemrose (1904) and Gibson
& Wedd (1913). The coarse type is exposed in a small quarry at SK276.593 and the marginal
type can be found to the south-west of Low Farm at SK281.588. A full petrographic and
geochemical analysis of both types was given by Ixer (1972). A series of boreholes in the
Becks Mere region (Smith et al. (1967), failed to reach the base of the Sill at a depth of
55m. Becks Mere No. 1 borehole (SK275.593) Intersected a 6.4 m thick amygdaloidal
horizon with the 'mormal' coarse dolerite, at a depth of 33,5 m.

Along its northern margin the dolerite is In contact with the base of the Matlock Lower
Lava although the exact relationship is not clear, The sill may have invaded 'a line of
weakness' between the lava and limestone, a situation in common with a number of the
Derbyshire sills. To the south the sill terminates against the Bonsall Fault zone.

The Ible Sill

The Ible Sill outcrops at the western end of the Via Gellia (text-fig. 1) It was described
by Bemrose (1907) as a typical ophitic olivine-dolerite. An exposure of the sill is located in
the disused roadstone quarry at SK253.568 where some 30 m are visible. Bemrose (1907) noted
marmorisation of the underlying limestone on the south side of the sill, however, this 18 now
obscured by tip material. :

Within the quarry the dolerite is traversed by disorientated calcite veinlets. Fibrous
material within the calcite veinlets was thought by Garnett (1923) to be chrysotile asbestos.
This suggestion was refuted by Sarjeant (1967) who considered the material to be a chlorite-
montmorillonite clay mineral. The dolerite is strongly chloritised and calcitised with ilmenite
altered to leucoxene. A distinct pervasive alteration horizon, up to 1.5 m wide, cuts across
the sille The genesis of this horizon is unknown for it is not related to local mineralisation °
aureoles, but may be connected with a hydrothermal alteration phase related to the cooling of
the sill. The alteration has not been observed in the other Derbyshire olivine-dolerite sills.

.

The Prospect Tuff Mound

Prospect Quarry, Grangemill (SK245.574) reveals a mound-like weathered tuff exposure,
against which the enclosing limestones decrease in thickness. From field evidence it appears
to be comparable with similar exposures of a tuff mound in the quarries of Associated Portland
Cement Manufactures (A.P.C.M.) at Hope (Eden et al., 1964).

The tuff mound, containing blocks of marmorised limestone, is associated with porcellaneous
horizons at the top of the Griffe Grange limestones, now thought to be partly Lower Asbian in age.
If this is the case, the tuff is older than the Lower Brigantian vents at Grangemill, and represents
the oldest known volcanic centre in the southern Pennine orefield. Assoclated lava flows have not
been recorded or located.
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2. The Alport - Bakewell - Taddington Dale region

The igneous rocks of this region (text-fig. 5) are poorly represented at outcrop. The

* {solated, discontinuous nature of which has given rise to difficulties and confusion as to their
correlation. They are, however, of considerable sub-surface extent and have been intersected
in numerous boreholes and mine workings. Six lava/tuff horizons are located in the region.
together with the complex succession in Millclose Mine. The lava/tuffs are: The Alport Upper
and Lower, The Bradford Dale, The Conksbury Bridge, The Lathkill Lodge, The Shacklow Wood
and The Lees Bottom Lavas. An additional number of lavas are reported from Millclose Mine,
some of which can be equated to other lavas in the Alport area, however not all the units have
lateral equivalents. Likewise, not all the above lavas are at different stratigraphical horizons,
indeed it is proposed that the Alport Lower Lava is equivalent to the Bradford Dale Lava and
the Alport Upper Lava is equivalent laterally to both the Conksbury Bridge and the Lathk{ll
Lodge Lavas.

The 18th and 19th centuries witnessed intense mining activity in the Alport area and

. documentary evidence from that period indicates that the miners only fully understood the
location and influence of strata above the Alport Upper Lava.

The Alport Lower Lava

Initial documentary evidence relating to the Alport Lower Lava arose from the exploration
in depth at Wheels Rake Shaft (SK228.649) (text-figs. 5 & 7). Deep trials here were the first
and only workings in the area to penetrate the hydrological compartment below the Alport Upper
Lava, and excessive water was encountered (Oakman, 1978). Even with the erection of a water
wheel it proved impossible to drain the shaft and sink it to the Lower Lava. Nevertheless, an
exploratory boring was undertaken in the toadstone.. Green et al. (1887) quote a figure of 56
fathoms (102.4 m) for the thickness of the Alport Lower Lava from 'information supplied by
Mr. Toft's This figure is still quoted on recent maps (Inst. Geol. Sci., 1976b). The present
authors considered that this was a remarkable depth for lead miners to drill, and investigation
of the original document (Bagshaw Collection No. 587[79]) has indicated that this was a misquote
by Green et al. (1887) the actual value being a more realistic 56 ft. (17m). This mistaken
thickness of 102.4 m has, however, lead certain authors (Traill, 1940) to postulate a vent feeder
for the lava, Such an hypothesis is now clearly erroneous.

The Alport Lower Lava may also be correlated with the '‘Bradford Dale Lava' exposed to
the south-west of Youlgreave. Shirley (1957) noted that the Bradford Dale Lava lies 45.7m
below the Orionastrea placenta band, whereas the Alport Upper Lava when traced into the
Conksbury area lies only 12m below the O. placenia band. This, together with the westerly
attenuation of the Alport Upper Lava before Bradford Dale, supports the present correlation
(text-fig. 8).

South-east of Alport, the Lower Lava was not intersected by ALCOA in 1974. A vestige
of its development in the Alport area is evident, for it is represented by a thick wayboard.

The Alport Lower Lava has been located in a series of boreholes around Conksbury Opencast
site. Although the boreholes failed to penetrate the base of the lava, they did indicate a minimum
thickness of 15m. These findings are in accordance with the new interpretation of the Wheels
Rake Shaft section, where there is a minimum development of 17 m for the Alport Lower Lava.

The Alport Upper Lava

The Lava is not exposed at surface. It was first encountered when Wheels Rake Old Sough
_was driven north along the vein from the River Lathkill (SK228.645). During 1786, these workings -

in toadstone - encountered a vein in the forefield of the sough. The vein was in all probability
Long or Ladies Rake, the powerful east-west reversed fault zone which forms the northern boundary

to the mining area.
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The Black Sough drainage level was driven westwards along Long Rake from Pickory
Corner (SK246.658) on the River Wye. It entered lava near the intersection of Long Rake
and Wheels Rake, where Green et al. (1887) noted that it was 17 fathoms (31 m) thick. From
this intersection a branch was driven south-east along the Wheels Rake 17.4 m below the
Old Sough (Oakman, 1978) initially in toadstone and finally passing into the overlying limestone
(text-fig. 7).

Deeper drainage was provided by Hillcar Sough and its many branches. The Wheels Rake
branch of Hillcar Sough was driven north-west along the vein and encountered the Alport Upper
Lava at Wheels Rake Shaft (SK228.649). With the intention of conducting the first deep trial
beneath the Upper Lava, a water wheel was erected and sinking commenced. The Upper Lava
proved to be 25 m thick and separated from a lower lava by 13.7m of limestone (Green et al.,
1869).

To the south-west of Wheels Rake Shaft, Broadmeadow Shaft (SK224.644) (text-fig. 5)
intersected toadstone 21 fathoms (38.4 m) below the level of Hillecar Sough, at a similar
stratigraphical horizon to the Alport Upper Lava. Guy Shaft (SK219.641) in the 1840's was
sunk beneath Hillear Sough to a depth of 32.2m. It failed to locate toadstone, but did intersect
two water-bearing wayboards at 65.8 and 80 m below the base of the shales. Tentative correla-
tion places the lower of these two horizons at that of the Upper Lava, intersected in Wheels
Rake and Broadmeadow Shafts, The implication of this correlation, is that the Alport Upper
Lava decreases in thickness towards the west. :

The Upper Lava has been located to the south-east of Alport, in a series of boreholes
drilled by ALCOA in 1974. It was some 26 m thick in the area to the south-east of Wheels
Rake Shaft, with a diminution in thickness as it was traced in a southerly direction towards
Birchover.

Further evidence for the stratigraphical location and thickness of the Alport Upper Lava
is from Raper and Conksbury opencast sites (SK217.653 and 210,650 respectively), where it
floors these two operations on Long Rake. A thickness of 23 m is recorded (borehole logs)
for the lava underlain by some 4.5m of limestone. Butcher (1976) has shown that the lava
thins west of the Conksbury Opencast Site, and i{s absent to the west of Long Rake spar mines,
while to the north-west of the opencast site the lava is represented, at outcrop, by the
Conksbury Bridge Lava.

Conksbury Bridge and Lathkill Lodge Lavas

Using the Ovionastraea placenta band mainly as the stratigraphical reference, the Alport
Upper and Lower Lavas'equate with the Conksbury Bridge and Lathkill Lodge Lavas, exposed
in the lower reaches of Lathkill Dale north of Alport.

Lathkill Dale

The top of the Conksbury Bridge Lava is exposed along the northern side of the Dale
(text-figs 5)« The Orionastraea placenta band occurs 12 m above the lava. The limestones
. rest on the vesicular upper margin of a flow which is 5 m thick. The central portion of the
flow is characterised by a non-vesicular dolerite and a vesicular base rests on a lower flow.
This has a highly vesicular and slightly hematised upper margin which grades downwards into
a thick sequence of non-vesicular dolerite.

Lathkill Dale witnessed an unusual mining venture in the 1850's when it was claimed that
gold had been discovered in auriferous pyrite associated with the weathered top of the Conksbury
lava (Grigor-Taylor, 1972). Auriferous pyritic clay was also supposedly assayed from the
weathered top of the Alport Lower Lava in Wheels Rake Shaft. All that remains of the ambitious
venture are overgrown hollows and spoil heaps of basaltic fragments at SK209.661.

The Conksbury Bridge Lava is not encountered west of Over Haddon but may equate with
a thick wayboard in Mandale Mine (SK196.662). The Lathkill Lodge Lava, according to Shirley
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(1950) 18 27 m beneath the Conksbury Bridge Lava (text-fig. 8). At the type locality some 5m
of lava are visible and contain marmorised limestone fragments. Traced in a westerly direction
a rapid attenuation may be observed. Farey (1811) noted that the Lathkill Dale Vein Sough
commenced in lava into which the veln persisted.

Bakewell Area

The subsurface extent of the lavas towards Bakewell is unknown due to the paucity of mines
and borehole data.. The Institute of Geological Sciences (1977b) report two vents, at Ditch ClIf
(SK211.670) and adjacent to the Monyash road, at SK207.684. These are minimal in extent and
exposure. Officers of the Institute, in noting a lava (the Endcliff flow) to the north of Bakewell
at a stratigraphical horizon some 25 m beneath the Orionastraea placenta band, have correlated
it with the Conksbury Bridge Lava. The Cracknowl 'vent' of Bemrose (1897, 1904) has been
reinterpreted as a faulted segment of the same lava (Inst. Geol. Sci. 1977b).

Shacklow Wood and Lees Bottom Lavas

To the west of the Alport-Bakewell area, a number of lavas have been located at outcrop,
in mines and boreholes in the general vicinity of Sheldon (text-fig. 5). A number of these
lavas may qorrelate with the Lathkill Dale/Bakewell units.

Two flows, the Shacklow Wood and Lees Bottom Lavas (basalts) - are known from outcrops
in Monsal Dale and Shacklow Wood. These units were equated by Butcher and Ford (1973) with
the Millers Dale Upper and Lower Lavas, but have been subsequently considered (Inst. Geol.
Sci., 1976a) to occur at stratigraphically higher horizons in the Brigantian succession.

The Lees Bottom Lava is exposed at the foot of Taddington Dale and a flow front i{s located
in a southerly direction. It has not been reported from the Magpie Mine area nor from the head
of Monsal Dale to the north. Information in the Ashford/Great Longstone area is minimal and
hence its distributional limits are problematical.

Lmdmw \\ . )
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Text-fig. 9: Geographical distribution of the Shacklow
Wood Lava, stippling denotes subsurface
extent and density denotes certainty.
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The Shacklow Wood Lava s exposed in Taddington Dale (text-fig. 9). Near Fin Cop
(SK173.704) it {s 11.5m thick and at Black Rock corner (SK177.700) some 18 m are exposed.
At this latter locality a vesicular upper surface rapidly grades into a sequence of non-vesicular
dolerite. The coarseness of the central flow led Bemrose (1907) to regard it as intrusive -
his New Bridge Sill. A more recent description of the area has been given by Miller (1980).

Maggie Mine Area

Magple Sough intersects the Shacklow Wood Lava over a distance of 457 m, where it is
folded into a shallow syncline and so faulted that the base 1s not exposed. Butcher (1975)
described the top as having a spheroidally weathered surface associated with yellow clay and '
overlain by pyritous limestones. According to Butcher & Ford (1973) Sheldon Shaft (SK177.688)
exposed 42m of lava above sough level, while it was absent at Magpie Mine Shaft (SK172.682),
700 m to the south,

True Blue Mine (SK177,680) to the east of Magpie Mine intersected the base of the
Shacklow Wood Lava in a rise 26 m above the Magple 560 ft. (170.7 m) level (Varvill, 1959).
Considering the horizontal attitude of the strata in the area, the thick wayboard at the 480 ft.
(146.3m) level in Magple Shaft may be the lateral equivalent of the Shacklow Wood Lava seen
in the True Blue rise (text-fig. 10). Varvill (1959) equated a clay, Intersected at the
bottom of the True Blue Shaft, as the top of the lava. If this interpretation had been correct,
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Text-fig. 10: Correlation of lavas in the Magpie Mine area, Sheldon
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it would have given a thickness of 40 m for the lava. However as Worley (1978) indlcated,
this clay cannot be equated with the weathered top of the Shacklow Wood Lava, but is more
probably the lateral equivalent of a thick wayboard (over 1.5m) seen in the Redsoil Shafts
at depths of between 104 and 110 m,

North of Magpie Mine, the Shacklow Wood Lava diminishes (at outcrop) in the vicinity
of Shacklow Wood only to reappear further to the west. At (SK168.705) a small i{solated
exposure of vesicular lava may represent a lobate flow front (text-figs. 5 & 9). Fieldgrove
Engine Shaft (SK170.695) exposed a thick clay at 110 m on the southern, upthrown side of the
fault. A recent borehole (Cox & Bridge, 1977) at §K173.695 close to Fieldgrove Shaft, falled
to intersect the Shacklow Wood Lava, but proved a number of wayboards. In the same borehole,
a 0.55m pyritic clay with included limestone clasts at 82 m, most probably correlates with the
110 m wayboard in Fieldgrove Shaft, It is not possible to equate a specific wayboard with the
Shacklow Wood Lava, but the most obvious equivalents are a group of wayboards between 149
and 157 m. The tentative identification (Cox & Bridge, 1977) of marker horizons in the area,
indicates that the Shacklow Wood Lava may equate with stratigraphically higher but less obvious
wayboards. A number of marker horizons, the Lathkill Shell Bed and the Orionastraea placenla
band, can be traced into the area enabling a comparison to be made of the relative stratigraphlcal
horizon of the Lathkill Dale/Monsal Dale Lavas (text-figs. 5,8 & 10).

~ East of Magpie Mine

To the east of Magpie Mine three toadstones are recorded. Farey (1811) referred to the
'‘chance' toadstones in Mogshaw Mine while Green et al. (1887) noted old mining records as
showing three toadstones at Dirtlow Mine (SK188.687). A section at the eastern end of Mogshaw
Rake (dated 1840) depicts two toadstones inclined to the east, with the thinner, upper toadstone
decreasing westwards (Bagshawe Coll, Sheffield City Library - B.C. 598).

Additional information has been provided by recent exploration drilling which intersected
the lower toadstone. The hole failed to penetrate the base of the lower toadstone but proved a
minimum thickness of-54 m. Non-vesicular holocrystalline basalts, comparable with the exposures
at Black Rock corner, are now correlated with the Shacklow Wood Lava. The upper lava of the
Mogshaw Mine section, -was not evident; however a pyritic clay and thin basalt are recorded some
36 m above the lava. This horizon may equate with the '110 clay' intersected in the Magpie Mine
area.

The mining manuscripts of Dirtlow Mine upon which Green ef al. (188'?) based their account
(Bagshawe Coll, B.C. 604,605) depict three toadstones. The 'lower toadstone' {s the thickest
and correlates with the lower toadstone of Mogshaw Mine and the Shacklow Wood Lava. The
'middle lava' of the Dirtlow sections is depicted as occurring 10 m above the Dirtlow Mine Lower
Lava and as dying out to the west. This can be correlated with the Upper Toadstone of the
Mogshaw section which has indications of a similar attenuation to the west. It was not located
in the recently drilled Mogshaw Rake Borehole located in the central part of Mogshaw Rake to
the west of Mogshaw Mine (text-fig. 10). The 'upper lava of the Dirtlow sections is some 36 m
above the top of the ‘lower lava' (Shacklow Wood Lava - text-fig. 10)s This fact strongly suggests
a correlation with the tuff/lava (?) encountered 36 m above the Shacklow Wood Lava in the
Mogshaw borehole. A volcanic horizon at a similar stratigraphical level is not depicted on the
Mogshaw Mine section but attenuation trends suggest that it may only be a thick wayboard in
this area and would not be marked on a section as 'toadstone's

Extrapolation of the evidence provided by the Fieldgrove Borehole places this 'upper lava'
below the Lathkill Shell Bed close to the horizon of the Lathkill Lodge Lava. Attenuation trends,
however, support the probability that it represents the continuation of local flows developed, at
depth, in the Bakewell-Longstone Edge area.
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The Millclose Lavas

The northward extension of Millclose Mine iIntersected five distinct lavas (text-figs, 2 & -8).
These horizons are tentatively correlated with volcanic sequences in adjacent areas. It has been
proposed (p.98, this paper) that three flows, the 144 Pilhough, the Lower 129 and 144 Pump
Station toadstones, are located at the base of the Brigantian and within the Asbian Limestones.
Comparable stratigraphical horizons with volcanic sequences have not been Intersected to the
west or north-west (Alport area). These lavas are absent in the Matlock area, but are found - -

at similar stratigraphical horizons to the Mlllers Dale Lavas, in the northern region of the
. South Pennine Orefield.

Correlation with Alport Lavas

The Alport lavas occur within the Brigantian succession (text-fig. 8). The only comparable
volcanic horizons noted {n the northern part of Millclose Mine are the 103 toadstone and the 'Alport'
lava of Traill (1940), who assumed that they correlated with the Alport Upper and Lower Lavas.
However, as borehole data (pers. comm. by N.J.D. Butcher) indicates, the Alport Lower Lava

-does not extend towards Millclose Mine. This raises the question of whether the correlation.of

the Alport Upper Lava and Traill's 'Alport Lava' of Millclose Mine can be accepted. The Alport
Upper Lava persists towards the Millclose area, but unfortunately the 'Alport Lava' was only
intersected prior to the final abandonment of Millclose Mine. It was 27.4 m thick in the Pilhough
Fault area, however its exact stratigraphical location was not proven. A rise in the area of

No. 1 Winze south of the Pilhough Fault demonstrated the absence of any 'Alport' Lava.

Traill (1940) tentatively correlated the 'Alport' Lava of the Pilhough area with the Inter-
mediate Tuff of Central Millclose Mine. This thin but persistent tuff horizon formed an important
‘cap-rock to“orebodies in the vicinity of No. 1 Winze. The Intermediate Tuff occurred 3.4 to
4.6 m beneath the horizon of the Matlock Upper Lava In the south of Millclose Mine. The horizon,
according to Shirley (1950) was some 28-38 m below the Orionastraea placenta band.

In the absence of more detailed and definitive information on the stratigraphical horizon of
the lavas in Millclose, the available evidence coupled with the general attenuation trends, is

‘compatible with the following hypothesis. The 'Alport Lava' of Millclose Mine, the Alport Upper

Lava. of Alport and district as well as the Conksbury Bridge basalt of Lathkill Dale may all be
regarded as one eruptive unit.

.

. The 103, 144 Pilhough, Lower 129 and 144 Pump Station Toadstones .

el gt

. The 103 Toadstone forms another cap-rock horizon in a manner similar to the Intermediate
Tuff. It was infrequently penetrated in the mine workings. In the Pilhough rise, a thickness of
3 to 6.7m was recorded. The geographical limits of this toadstone are known in detail as it
delimited the zone of step-like ascension of the orebodies to the overlying 'Intermediate Tuff'.
Traill (1940) indicated that the toadstone terminated south-west of a line between Pilhoﬁgh and
No. 2 Winze (text-figs. 6 & 8). The emanative centre is probably in the vicinity of Rowsley
(SK255.660). '

The 144 Pilhough Toadstone. is only recognised in Millclose Mine. Stratigraphically it
occurs above the Upper 129 Toadstone in the central section of the mine. On the Pilhough
Fault, it was 8.5 m thick, with a rapid attenuation to the south-east where it is represented
by a wayboard.

. The Lower 129 Toadstone is located some 12m beneath the 144 Pilhough Toadstone,
between No. 2 Winze and Pilhough. Tralll (1940) noted that it lay on an erosion surface
with attendant marmorization of the underlying limestones. It is a thin but highly variable
flow varying between 3 and 8 m thick. Any attempt to deduce the direction of attenuation
and hence a geographical distribution for the flow is not possible. It may correlate with the
top of a flow located at a similar horizon in No. 1 Winze to the south, and 10 m below. the
Upper 129 Toadstone,
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The lowest volcanic horizon in the basal Asbian Limestones was the 144 Pump Station
Toadstone. It is 9.4 m stratigraphically lower than the Lower 129 Toadstone, and was
intersected in the area of No. 2 Winze. The base of the toadstone was never exposed;
however, some 15m of lava were proved. The detailed description given by Traill (1940)
of the flow front on the 144 fathom level indicates attenuating limestones with a number of
wayboards abutting a 20° slope of pillowed, eroded lava which decreases in thickness towards
the south-west.

North of the Pilhough Area

Despite the difficulties already outlined with respect to the correlation of the "Millclose
Lavas' with adjacent areas, a distributional analysis indicates that they are related to an
Upper Asbian volcanic centre to the north-east of Pilhough. On the basis of data from the
north-west of Pilhough it is suggested that this area also contains the volcanic centres responsible
for the majority of the Brigantian extrusive activity at Millclose and Alport.

Three 'flows' were encountered north of Pilhough (text-fig. 8). The upper flow (52 m thick)
consists of vesicular and non-vesicular units. To judge from its stratigraphical horizon this
lava may correlate with the Alport Upper Lava and the 'Alport Lava' of Millclose Mine. This
‘proposal -1s consistent with the observed attenuation trends. The middle lava (93 m thick) infers
- proximity to a vent with a comparable situation to the Low Mine sequences of the Matlock
Lower Lava around Bonsall (p.89, this paper). Confirmation of this possibility is supported
by the presence of a 60 m tuff sequence. Highly inclined graded tuffs, and auto-brecciated
horizons intercalated with thin basalt flows underlie the uppermost 33 m of vesicular /mon-
vesicular flow units. It is proposed that this represents the flanks of a feeder cone similar
to the situation outlined by Ramsbottom et al. (1962) for an interpretation of comparable
horizons in the Ashover boreholes.

A minimum thickness of 58 m has been Indicated for the lower lava which, unlike the
middle and upper units, is characterised by the absence of pyroclastic material and the presence
of thick coarsely crystalline doleritic centres to the individual flows. These horizons cannot
be equated with individual lavas in the Pilhough area. One of the thick lava/tuff sequences may
correlate with one or all of the 'Pilhough flows'. In the absence of detailed palaeontological
classification of the intercalated limestones, the erection of correlatable horizons is not possible.
The expanded volcanic sequence does, however, reconfirm the statement that Rowsley may be
regarded as a volcanic centre concealed beneath Namurian shales. .

3. The Castleton - Buxton - Tideswell Region

Introduction

Two extensive lavas, the Miller's Dale Upper and Lower Lavas, dominate the igneous
horizons in the north western part of the South Pennines. Additional volcanic strata include
the Ravensdale Tuff and the Dove Holes Tuff. The region is unusual in that a large number
of sills are located within the limestone sequence; the Waterswallows, Peak Forest, Potluck
and Mount Pleasant Sills constitute this assemblage. Possibly the Waterswallows Sill is the
most well known and the Peak. Forest Sill occurs at the lowest stratigraphical horizon, while
the remaining sills are of minimal extent and exposure, as are the Monks Dale and Peter
Dale vents.,

" The region also contains one of the most frequented igneous localitles in the whole of
the South Pennines, The Calton Hill Complex. Unfortunately this locality was never fully
documented and is now the site of a refuse tip, however two typlcal exposures are preserved
as Sites of Special Scientific Interest (S.S.S.I.). Although not unique to the South Pennines
the region also contains two dykes near ICI's Tunstead Quarry. These are poorly exposed,
and as they are located on private land, are difficult to examine and sample,

" Included within this subdivision of the South Pennines is the Castlgton area, and so
complex are the igneous deposits of this geographically restricted area, that it {s described
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‘in a separate sectlon. The Pindale Tuff and the Cave Dale Lava together with the Speedwell
'vent' are possibly the best known igneous horizons. The Speedwell 'vent' In particular has
resulted in a considerable number of publications, far beyond the number normally produced
by such a small exposure. It has recently been the subject of a complete reappralsal with
the result that it is now considered to be a littoral cone. (Cheshire & Bell, 1977).

Pre-Asbian Extrusive Actlvity

The Woo Dale Borehole

The Woo Dale Borehole (SK 4099,3726) described by Cope (1949 & 1973) encountered
'volcanics' at a depth of 275.6 m. The upper 26.4 m of the 33 m sequence consists of highly
inclined tuffs overlain by horizontal limestones and resting on sub-alkaline lavas (Cope, 1979).
Although thought to be pre-Carboniferous, the age of the volcanic sequence has always been
doubtful and Cope (1949) initially considered them to be part of the Pre-Cambrian basement,
however K-Ar isotopic age dating (Cope, 1979) has indicated a minimum age of 383 + 6 m.a.
(Devonian) for the tuffs. '

The Ravensdale Tuff

The oldest Carboniferous igneous rocks in the northern (Tideswell) area, the Ravensdale
Tuff, was initially described by Bemrose (1894, 1907), while Sargent (1925) noted analcite
infilled vesicles in some of the lapilli. Shirley & Horsfield (1940) placed the Tuff in the D;
(Asbian) limestones. The bedded tuff sequence may be correlated with similar horizons in the
Litton Dale Borehole (SK 160.750) where Stevenson el al. (1971) noted that the Tuff was 29.6 m
below the base of the Millers Dale Lower Lava, and borehole chippings indicated that a 13.7 m
sequence of tuffs and thin lava flows may be present. Further to the west, a Severn-Trent Water
Authority's borehole in Millers Dale (SK 142.733) failed to intersect igneous horizons in the
300 m of limestones beneath the Millers Dale Lower Lava. A 'black calcareous shale' logged
;30 m below the base of the Lava may represent the last vestige of the Ravensdale Tuff (text-
, figs. 11 & 14).

The Millers Dale Lower lava

The lava outcrops from Buxton to Doveholes, around Wormhill and Tunstead east of Great
Rocks Dale and forms an inlier in Millers Dale. Towards Tideswell it is intruded by the Tides~
well Dale Sill. It can be traced northwards over Tideswell Moor as far as Ox Low, while in
the Castleton area local pyroclastic and extrusive activity may have occurred contemporaneously.

Stratigraphically the lava occurs in the Asbian Limestones and where present it subdivides
the Bee Low Limestones into the Upper Millers Dale Beds and the Chee Tor Beds.

Buxton-Taddington Area

East of Buxton, the Millers Dale Lower Lava is 9 m thick but decreases in thickness and
terminates south-west of a line from Grindlow (SK 055.717) to Hind Low (SK 082.690) (text-figs.
11 & 12) where a number of flow fronts are complicated by faulting, Walkden (1972) recorded
a lenticle of weathered toadstone in the Hind Low guarries, at the horizon of the Lower Lava.
This rapidly degenerates into a wayboard and the southern limit of the flow is defined by a number
of isolated exposures mear Calton Hill (SK 118.715) and Blackwell Dale (text-fig. 12)

Farey (1811) noted that the Millers Dale Lower Lava was present in Horsesteads Mine
(SK 142.716) near Taddington, however it is absent in Cressbrook Dale, and this fact enables
an approximate eastern limit to be defined.

The top of the lava is exposed below Raven's Tor in Millers Dale (SK 150.733) where it

forms a small domed inlier and the full sequence (20,7 m) was proved in the Severn-Trent
Water Authority's Millers Dale Borehole.
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Great Rocks Dale/Wormhill - the Waterswallows Sill (Cover, plate 2)

To the north of Buxton the Waterswallows Sill has been intruded at the junction between the
limestones' and the Millers Dale Lower Lava. The ollvine dolerite sill lacks the coarse ophitic
texture common to many of the Derbyshire intrusives and Moseley (1966) interpreted the evidence
as indicating that Waterswallows was the site of a vent infilled with 'massive basalt'. Subsequently
K-Ar isotopic age dating of the dolerite by Stevenson et al. (1970) indicated a mean intrusive age
of 311 + 6 m.a. They refuted Moseley's proposition of a vent and supported Bemrose's (1907)
interpretation pf a sill intruding the lava.

In the 1960's, 1.C.I. undertook a feasibility study to the east of Great Rocks Dale in order
to ascertain the suitability of the lava for use as a roadstone aggregate. DBoreholes at SK 103.755
and SK 099.761 intersected the lava and showed a northerly attenuation over a distance of 600 m,
where the lava decreased from 29.9 m to 22.8 m. It is divisible into three extrusive events with
a tuffaceous upper unit while the two lower and relatively thicker units display coarse holocrystalline
central flows with fresh augite. Sectlons of the lava are exposed in three small quarries at
SK 098.761, near Buxton Bridge which were opened as part of the feasibility study.

. The Millers Dale Lower Lava extends from the north-west of Tunstead Quarry, through an
intensely faulted area towards Doveholes. Its furthest extent in this directlon, is in the region of
Lodes Marsh (SK 086.784) while the western extremity of the lava is undefined and may occur
beneath the adjacent Namurian strata. The top of the unit was Intersected west of Tunstead Quarry
(SK 100.740) in boreholes at SK 075.767 and SK 078,763 (Stevenson et al., 1971).

Great Rocks Dale Dykes

Two NE-SW trending dykes, described by Stevenson et al. (1971) in Great Rocks Dale, are
exposed at SK 097.757 and SK 101.751. The northerly dyke, now minimally exposed, was described
. by Cope (1933) as being 3.7 m wide and highly weathered. The adjacent limestones illustrate
‘marmorization while Cope noted xenoliths of dolomite and sandstone and suggested that the latter
were derived from basement formations. Xenoliths of a similar lithology have also been noted
(Smith et al., 1967; p. 92 this paper) from the Ashover Tuff and the Grange Mill Vents. The
southerly dyke is distinguished from the northerly one being partly amygdaloidal and excessively
altered. They are named by the Institute of Geological Sciences as the Buxton Bridge Dykes.

Wormhill-Ox low

At Wormhill the Lower Lava (30 m thick) contains zeolite and calcite filled amygdales whilst
the olivines and pyroxenes have been replaced and the ilmenite altered to leucoxene. The Lava is
exposed in a road cutting at Wormhill (SK 123.741) and thins to the north, where in Smalldale
(SK 165.814) it 1s 9 m thick.

Tideswell Dale (plate 3, plate 4, fig. 2)

The Lava has been intruded by the Tideswell Sill and the two are visible in the old roadstone
quarry In Tideswell Dale (SK 155.738). This locality, now a picnic site in the Peak Park, has been
described by numerous authors, Wilson (1870), Geikie (1897), Bemrose (1899), Sargent (1917) dnd
Wilkinson (1967). The Sill is transgressive and where it is in contact with the underlying limestoune,
has resulted in marmorization. Wilson (1870) stated that a baked columnar clay preserved beneath
the vesicular lava was a voleanic mudflow. Geikie (1897) was the first to recognise the intrusive
origin of the 'crystalline basalt's The quarry exposes an 18 m thick sill in which Bemrose (1899)
recognised five distinct zones characterised by a coarse central, and finer grained outer margins.
Sargent (1917) considered the altered vesicular lava underlying the sill to have 'spilitic affinities’
an observation based on an alkall content in excess of 6%. The type of alteration he described is
typical of the vesicular margins of numerous toadstones in the South Pennines and is a reflection
of the complex deuteric and hydrothermal alteration these lavas have undergone rather than any
primary 'spilitic' magma., Wilkinson (1967) describing the lavas, exposed in three roadside quarries
(SK 154.743) at the entrance to the Picnic Site, stated that a non-vesicular lava, with micropheno~
‘crysts of andesine and augite, is in contact with a highly altered vesicular lava. Original pyroxene
18 absent and only a few olivine pseudomorphs remain in flow-orientated feldspar laths and microlites
which are oligoclase in composition. He stated that the soda content is about 4%.
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The full sequence of the Lower Lava was proved in the Litton Dale Borehole (SK 160,.750)
(Stevenson et al., 1971). A sequence of 24 m of lava and tuff were subdivided by a 3.7 m
limestone horizon, into an upper 20.3 m unit, and a lower 3.7 m one., The lava thins rapidly
to the east and is not seen in Cressbroock Dale.

To the west of Tideswell, in the vicinity of Wheston, the Lava is apprOXimateW 27 m thick.
Two vents with vent agglomerate are located in Monks Dale and in Peter Dale. Bemrose (1907)
and Stevenson ef al. (1971) recognised the southerly (SK 130.753) and northerly (SK 126,755)
occurrences, respectively. The coincidence of these vents with the area of maximum development
for the Lower Lava suggests that they may represent the eroded roots of the vents and cones
that were the main extrusive centres. :

North of Wheston, the Lavais 10.7 m thick at Wall Cliff (SK 140.774). On Tideswell Moor,
opencast workings for fluorspar in White Rake, provide an exposure in which the Millers Dale
Upper and Lower Lavas are faulted in juxtaposition. The Lower Lava is exposed on the southern
wall of the opencast site near Tides Low (SK 146.782) and shows an upper flow unit, with highly
vesicular margins, resting on 3 m of limestone which in turn overlies a lower less vesicular but
blocky lava. In the Tideswell Moor area the lava has been partly intruded by the Potluck Sill
(Walters, 1980). «

North of Tideswell Moor, the Lower Lava is poorly exposed at the surface but has been
Intersected in shafts and mine workings, over Bradwell Moor. At outcrop, it can be traced as far
as Conies Dale (SK 131.807), where at Cop Round it is 9 m thicks The northern limit is a
weathered horizon 1.8 m thick at a depth of 22.9 m in Hazard Mine Shaft (SK 137.813) 275 m
to the west, a 0.6 m thick clay horizon at a depth of 3.6 m in Wham Shaft, may equate with the
Lower Lava.

Recent exploration of mine shafts on Moss Rake (Bradwell Moor) has located the upper surface
of the Millers Dale Lower Lava. In Kitty Cross Shaft (SK 154. 803) the exact thickness is not known,
but can be demonstrated to be less than 11 m. At Rake Head Mine (SK 143.800) Green et al. (1887)
noted 11 m of the lower toadstone. The eastern extent of the Lavais difficult to define, but in all
probability it does not extend far beyond Kitty Cross Shaft. Information with respect to its presence
in and around Hucklow is not available for neither mines nor boreholes have intersected the strati-
graphical horizon of the Millers Dale Lower Lava.

The Dove Holes Tuff

The Dove Holes Tuff was first recognised by Green ef al. (1869). It has a patchy develop-

ment, rests on a strongly potholed surface, and reaches a maximum thickness of some 2 m.
The Tuff may initially have had the form of a low angle mound related to a vent, but now exhibits
greater weathering than similar structures in the Derbyshire area. Stratigraphically it occurs
approximately 15 m above the Millers Dale Lower Lava.

. Outcrops of the Tuff occur around Batham Gate and Bibbington, northeast of Tunstead Quarry.
. It is exposed in Holderness Quarry (SK 084.782) as a 1.8 m thick unit, it decreases to 1.1 m
thick in a southerly direction and is not located south of Dove Holes. It is exposed east of Peak
House (SK 080.766) and was proved to be 1.5 m thick in a borehole near Batham Gate (SK 075.767)
although additional boreholes in the general vicinity failed to indicate the Tuff. A borehole at
Batham Gate (SK 078.763) is of interest in proving an additional lower tuff horizon 2.3 m thick,
only 3.4 m above the Millers Dale Lower Lava (Stevenson ef al., 1971) (text-fig., 14).

Tuff sequences in the Upper Asbian are not recorded at outcrop away from the intensely
quarrfed Great Rocks Dale area, but a lenticle of tuff occurs at a similar stratigraphical horizon
to the Dove Holes Tuff in Station Quarry, Millers Dale (SK 134.734). This tuff is not associated
with a palaeokarst surface which suggests that in the main area of pyroclastic activity around
- Dove Holes, a highly localised uplift and karstification episode preceded volcanicity (Walkden, 1977).
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Plate 2

The Waterswallows Sill is an olivine-

Buxton.

Waterswallows quarry,
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dolerite showing vertical columnar structure; face since removed.

(Photo

M.G. Lodge, December 1980).

Close-up of the columnar structure seen in Waterswallows Quarry.

(Photo: M.G. Lodge.

Fig. 2
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The Millers Dale Upper Lava

The Millers Dale Upper Lava (text-fig. 13) can be traced from Earl Sterndale (SK 112.670)
northwards to Calton Hill, around Taddington and along the south side of Millers Dale to Litton
Mill (SK 160.730)s Three small exposures of vesicular lava and vesicular lava in tuff occur in
the foot of Cressbrook Dale, at the same stratigraphical horizon and may be a continuation of the
Lava. North-west of Millers Dale the Lava forms a cap to Knot Low (SK 134.736) and outcrops
around Withered Low (SK 102.764) and Bole Hill (SK 108.767) in the Wormhill area. North of
Millers Dale the Lava continues through Tideswell towards Wall Clff (SK 139.773) where it is
replaced locally by a tuff sequence. - On Tideslow Moor and’northwards to Conies Dale the Lava
is poorly exposed but has been intersected by a number of mines. It finally dies out south of
Dirtlow Rake.

For the majority of its extent the Millers Dale Upper Lava occurs at the Asbian/Brigantian
boundary. In the Millers Dale area a complex interplay of penecontemporaneous subsidence,
folding, erosion, and vulcanicity has given rise to a locally preserved Brigantian limestone sequence
beneath the Lava - the Station Quarry Beds (Cope, 1937; Walkden, 1977).

Chelmorton-Taddington Area

The southerly attenuation of the Millers Dale Upper Lava is defined from recent boreholes
reported by the Institute of Geological Sciences (1977b). Previously, information on the Lava
came from old mining records and workings at Hubbadale Mine, which intersected it at a depth
of 57 fathoms (104.2 m) in Devonshire Shaft (Worley, 1978b). The records indicate that the
southerly dipping lava may have formed a sole to some of the rich pipe deposits in the area.

A number of wayboards ozcur above the Lava, The 'Great White Wayboard' lies 19 m
above the Lava and may be the vestige of a lava developed at this horizon to the east, {.e.
the Lees Bottom Lava.(p.99, this paper). Cox & Bridge (1977), from borehole evidence,
confirmed mining records reporting a thick clay horizon 22 m above the weathered amygdaloidal
top of the Millers Dale Upper Lava.

To the north of Hubbadale the Lava outcrops around Taddington and Calton Hill where it is
intimately associated with the complex intrusive and extrusive sequences (dolerites, tuffs and
agglomerates). Between Taddington and Calton Hill the Lava is 15 m thick, while at Taddington
(SK 152.711) Cope (1937) recorded a temporary exposure showing a 35° east-facing lava flow-
front.

Calton Hill Complex (SK 120.718) (Plute 4, fig. 1)

Calton Hill was recognised by Bemrose (1910) as the site of a vent for the extrusion of the
Millers Dale Upper Lava which had subsequently been intruded by a dolerite. He also noted
unaltered olivine/pyroxene nodules in the dolerite. The only detailed description of the complex
was given by Tomkeieff (1928) who recorded agglomeratic sequences beneath the Upper Lava.
The intrusive analcite-dolerite has, in common with a number of Derbyshire sills, invaded a
line of weakness along the Lava and large blocks of vesicular lava have been stoped into the
dolerite. The roadstone quarry, operated by Derbyshire Stone Ltd. and later by Tarmac, was
enlarged subsequent to Tomkeieff's account and a greater complexity of events revealed. Unfor-
tunately no additional general studies were made. Hamad (1963) and Donaldson (1978) investigated
the ‘peridotite' nodules in the analcite-dolerite and found them to be olivine-orthopyroxene-
clinopyroxene-spinel xenoliths, i.e. typical spinel lherzolites in basalts of upper mantle origin.

Subsequent silica-rich hydrothermal activity at Calton Hill (Mueller, 1954; Ford, 1967) gave
rise to veining and quartz lined vugs. A zonation of the vugs is apparent, with a central vuggy
quartz passing into a zone of calcite on quartz and finally a calcite-barite zone. The pattern
suggests an ascension of siliceous fluids via the vent feeder. Prominent fibrous veins are also
very common and as at Ible were once thought to be asbestos. They have been shown to consist
of clays (saponite) probably replacing a fibrous chlorite (Sarjeant, 1967; Curtis, 1976).
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Text-fig. 13: The geographical distribution of the Upper Millers Dale Lava.
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Fig. 1: Calton Hill Site of Special Scientific Interest. Reflection in
water of basaltic columns and agglomerate bluff.

s [l B ¥ R o B i 4 * ST S R R o G 2o
el T R g R S L I S R

Fig. 2: Tideswell Dale Quarry picnic site. Millers Dale Lower Lava
and Dolerite.



Millers Dale

. The Upper Lava is exposed in a number of quarries in Millers Dale (SK 134.731). Bemrose
(1894, 1907) noted-a continuous exposure of the complete sequence of igneous rocks in the Lime
Works Quarry (SK 140.730). It was 35 m thick and capable of subdivision Into at least two distinct
extrusive events, a 5.2 m thick sequence of tuffs with a thin amygdaloidal basalt was overlain by
a thick lava (text-fig. 14). Although Bemrose's section is no longer visible, two small quarries
(SK 134,731 and 134.730) to the west of the old lime works are clearly in the thick lava sequence
and expose 10 m of non-vesicular, holocrystalline basalt with spheroidal weathering. A similar exposure
is observed in quarries on Knot. Low (SK 134.736) to the north of the dale where Sargent (1917) noted
'spilitic affinities' for the altered, vesicular lower portions of the flow. The maximum develop-
ment of the Millers Dale Upper Lava i{s 35 m.

- East of the Lime Works the Lava forms a prominent feature above the disused railway line
as far as Litton Mills, It is exposed in the adit of Maury Mine (SK 150.731) where a vein persists
into the Upper Lava and produces a zone of intense bleaching and argillisation. Farey (1811)
recorded the extraction of lead ore from within the Lava and mineralised lava including galena
and sphalerite may be found on the old mine dumps. The Lava terminates in a flow front above
Litton Mills in the railway embankment near to Litton Tunnel entrance. The rapid attenuation of
the Lava was noted by Green et al. (1867) but was subsequently interpreted as a fault by Bemrose
(1907). Cope (1937) considered it to be a flow front and this was supported by Walkden (1977)
who demonstrated a complex relationship between the exposed flow front, flows within the Upper
Lava and the local preservation of the Station Quarry Beds.

Bemrose s division into an upper ' major flow and a lower thinner unit enables the flow front
at Litton Mills to be equated with the more extensive upper flow. Each extrusive event was
accompanied by a measure of uplift, erosion and folding. At Litton Mills, the upper flow has
over-ridden the thinner lower flow. The strong brecciation, palagonitisation and crude stratification
seen in the flow front suggest the entry of the lava into shallow water giving a flow front breccia
(Jones & Nelson, 1970). The bentonitic clay exposed above the Litton Tunnel entrance exhibitsa
relict vitroclastic texture in contrast to the typically amorphous bentonitic clays seen in the lime-
stone sequence (Walkden, 1972). This implies that it is the lateral equivalent to the flow front
breccia. '

Sen

. Cressbrook Dale ) . e

7
t

- The lava which outcrops at the horizon of the Millers Dale Upper Lava in Cressbrook Dale
(SK 174.727) is difficult to reconcile with the geographical distribution of the Millers Dale Upper

Lava (text-fig, 13). The partial distributional analysis given by Butcher & Ford (1973) has been
invalidated by the Institute of Geological Sciences'officers (1976) who considered that the Shacklow
Wood Lava of the Sheldon area (p.100 this paper) lles at a stratigraphically higher horizon than
the Millers Dale Upper Lava. Walkden (1977) inferred a deep embayment in the distribution of
his 'lower extrusive phase' to accommodate the lava at Cressbrook Dale. It is more probable
that this lava which the authors refer to as the Cressbrook Mill Lava represents the western
edge of one of the flows from the Longstone Edge area that lies at the same horizon as the
Millers Dale Upper Lava.

Wormhill-Harpur Hlll

The Upper Lava outcrops on Withered Low and on Bole Hill where the Institute of Geological
Sciences'officers (1976a) have mapped limestone intercalations. It thins to the north decreasing
from 30 m at Bole Hill to between 3-4.5 m on Withered Low. ’

The western limit cannot be defined in detail for basal Brigantian strata are not present in
the Great Rocks Dale area, and where they are present around Dove Holes, the Lava {s absent.
This fact implies a limit to the flow in the Great Rocks Dale/Waterswallows area. Likewise the
Lava is absent around Buxton and Hind Low to the south, but it is present at Harpur Hill
(SK 066.713) and allows a limit to be defined as shown on text-fig. 13.
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Tideswell-Dirtlow Moor Area o Ly

The flow front above Litton Mills can be traced north towards Tideswell.” At the junction
of Tideswell and Litton Dales, the Millers Dale Upper Lava is 18 m thicke The Litton Dale
Borehole (SK 160.750) located 350 m further east proved only 3 m of weathered lava. To the
north-west of Tideswell, the Lava continues as far as Wall Cliff (SK 139.773). In a faulted
area with minimal exposure, the Lava is the lateral equivalent to a bedded tuff sequence ~ the
Brook Dottom Tuff of Bemrose (1907). This tuff may represent a small cone against which

'the lava thins, analagous to the situation at Grange Mill (p. 93 this paper) but on a smaller
scale.

The geographical distribution of the Millers Dale Upper Lava (text-fig. 13) {8 asymmetrical
with respect to the position of the known vent at Calton Hill. This implies an additional feeder
vent associated with the northern outcrops. The disappearance and reappearance of the lava at
Wall Cliff may be a reflection of the interplay between these source areas for the Lava. S

The Upper Lava is exposed in White Rake opencast site (SK 146,782) on Tideswell Moor.,

A minimum thickness of 15 m of weathered lava is observed on the northwall with marmorized
limestone Inclusions up to a metre in diameter included in the Lava. The Tideswell Moor area

{8 remarkable for the persistence of mineral veins which cut lava flows, for altered and mineralised
blocks of lava occur in the spoil from a number of mines (Walters, 1980).

North of Tideslow Farm (SK 154.782) the Lava is poorly exposed, but has been proved in a
number of mines and its outcrop is displaced by rake veins. It forms a feature around Cop Round
(SK 126,797) where it is some 6 m thick (Moore, 1903) and finally- dies out in the region of Old
Moor Mine south of Dirtlow Rake (SK 136.811). :

Bradwell-Little Hucklow Area o : 4

The Millers Dale Upper Lava underlies part of Bradwell Moor and is 9.1 m thick in a shaft
on Moss Rake, near Rake Head Mine (SK 143.800). Green ef al, (1887) noted a toadstone 3.7 m
thick at a depth of 87.8 m near this locality which was referred to as 'the clay' in mihing records
and correlated with the attenuating Upper Lava. Likewise in the Hucklow area, the Lava cannot
be accurately defined. A toadstone 45 m thick at a depth of 95 m in Shuttle Rake Mine (SK 160.796)
occurs stratigraphically higher than the Upper Lava and its thickness suggests a correlation with
the Cressbrook Dale Lava of the Eyam area. Within the Bradwell-Hucklow area the stratigraphical
horizon at which the Millers Dale Upper Lava may occur has not been penetrated and hence conclu-
sions cannot be formulated wlth respect to its north-eastern extent. :

I

The Peak Forest Sill

“The Peak Forest Sill is a non-vesicular coarse olivine dolerite intruded in the axis of ‘the
Peak Forest Anticline. It was first described by Geikie (1897) and its upper contact phenomena
were noted by Barnes (1902a and b). The base is not exposed hence a thickness is not known. -
The exposure, by Mill Cottage in Dam Dale (SK 116.788), shows the attendant marmorisation’
of the overlylng limestones for 10 m from the contact the limestones are strongly dolomitised.
The fine grained sub-ophitic dolerite has undergone extensive silicification and caleitisation. - T
Additional localities are located at Damside Farm (SK 115.787), Backlane Farm (SK 107. 789
and 8K 107,790) and Newhouses Farm (SK 111.785). Text-fig. 11 {llustrates the geographical ’
distribution of the sill.

14

“The Potluck Sill

K

"I"he Potluck 8ill, described By Bemrose'(1907) occuplés mﬁch of Tideswell Moor E:Ebosui‘es
are minimal, with the only occurrence at Pittle Meer (SK 136.783). Additional evidence for the
geographical extent of the sill 1s to be found in the debris around old mine shafts and workings.

Green ef al. (1887) state that Black Hillock Shaft (SK 141.782) proved 600 ft. (183 m) of
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'toadstone' and the base was not reached. Stevenson el al. (1971) proposed that the shaft
probably followed a feeder to the sill. A more detalled account of the locality, as recorded
In mining documents, has been presented recently by Walters (1980). Stevenson ef al. (1971)
wrote that the Sill {8 a coarse ophitic olivine-dolerite, gave a modal analysis and a petro~
logical description.

Mount Pleasant Sill

Initially described in 1907, Stevenson ef als (1971) noted that Bemrose did not appreciate
its full extent. They reported ploughed igneous debris near Batham Gate (SK 126.786 and
SK 130.787) as well as similar material further east (SK 131.788).

The sill appears to show an alignment along the line of Shuttle Rake and Faults, south of
Hernstone Lane llead (SK 120.787). It has been suggested (Stevenson et al., 1971) that Shuttle

Rake exercised considerable influence on the intrusion of the Sill, but this is impossible to
substantiate given the extent of exposure.

The Castleton Area

The igneous horizons were first noted by Faujas de St. Fond (1797) in Nunley's Mine,
Pindale (SK 158.823). Green e! al. (1887) reported 12 fathoms (21.9 m) of toadstone in
Dirtlow Mine (SK 155.822) and a 'light greenish variety of the toadstone' beneath the 'Yoredale
Shales' at Pindale (or Ashtons) mine (SK 164.825). The Cave Dale Lava and Speedwell 'vent'
were described by Geilkie (1897) and Bemrose (1894, 1907).

lolkerian igneous activity was advocated by Stevenson ef al. (1971). In reporting the
log of the Eldon Hill Borehole (SK 113.816) they recorded 30.5 m of tuffaceous material,
68.6 m below the top of the Woo Dale Beds. Ford (1952) noted a thin clay horizon at a
similar stratigraphical horizon in Speedwell Cavern. Hudson & Cotton's (1945a) paper on the
Alport Borehole (SK 136.911) indicated 'basinal' facies of the S, (Holkerian) as containing
6 m of dark limestones and mudstones with tuffaceous bands and fragments of eroded tuff.

This horizon, 110 m below the top of the IIolkerian limestones, may equate with the Eldon
Hill Tuff,.

Lower Asblan igneous activity has been intersected in a number of boreholes, and at
least two distinct episodes are evident. In the Eldon Hill Borehole, Wright (1979) noted a
3 m thick basalt at a depth of 12 m (l.e. 70 m above the base of the Asbian). This places
it below the lowest Davidsonia septosa band and hence below the horizon of the Millers Dale
Lower Lava. Exploration boreholes on Bradwell Moor have, according to Jefferson (1979,
and pers. comm.), intersected a thin tuff at a similar horizon. These two occurrences may
be part of the same minor Lower Asbian eruption, however lack of intervening information
makes this a very speculative correlation.

To the west of the Blue Circle Group's limestone quarry at Hope, borehole core logs
have delincated the eastern limit of a thick tuff sequence stratigraphically beneath the 'Pindale
Tuff' (text-fig. 16).- It grades downwards Into a coarse agglomerate, locally associated with
vesicular basalt. The extrusive centre was probably on the Bradwell Moor area.

The igneous activity, spanning from the Holkerian to the Brigantian (S, to D,) is charac-
terised by pyroclastic deposits. The result is a complex palaeogeographic interplay between
the volcanics and the back reef, fore reef and basinal calcareous shale facies. The extrusive
activity here Is unrelated to the contemporaneous proximal events centred on Millers Dale to the south.

The Pindale Tuff

Quarry exposures and thé interpretation of numerous borehole logs from the ground to the
south of Pindale have demonstrated the presence of a major tuff and volcanic cone - the Nunlow
Tuff of Shirley & Horsfield (1940) or the Pindale Tuff of Stevenson et al. (1971). Shirley and
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Horsfleld considered that It was located.at the base of the D, (Brigantian) limestones, but
Eden et al. (1964) demonstrated that the horizon s D; (mid-Asbian) in age and is hence at
a similar stratigraphical horizon to the Millers Dale Lower Lava.

The Pindale Tuff was exposed in the lower bench of Blue Circle's Hope Cement Works
Quarry as an elongate mound-like structure according to Shirley & Horsfield (1940). It marked
the site of 8 WNW-ESE aligned volcanic cone. The exposure, with a maximum dilation of
20 m, fllustrated a central coarse ungraded agglomerate with included limestone fragments,
while the extremities, with 30° marginal dips, were finer grained and well sorted. Stevenson
et al. (1971, plate V) {llustrated a generalised isopach map of the Pindale Tuff, which inferred
the presence of a second unexposed volcanic cone to the north of the quarry. Their interpre-
tation was based on a 65 m thick tuff sequence Intersected in borehole TS4 (text-fig. 15).
Subsequently D.P. Jefferson (pers. comm.) has proved the presence of a major fault between
the quarry and borehole TS4 and postulates that fault repetition may explain the unusual
thickness of tuff encountered in that borehole rather than a hypothetical second cone structure.

The southerly limit of the Pindale Tuff is defined in detail (text-fig. 15) and indicates
that both the Millers Dale Lower Lava and the Pindale Tuff are either absent or represented
by a thin tuffs/clay horizons on Bradwell Moor.

Stevenson et al. (1971) indicated that the Millers Dale Lower Lava is stratigraphically
above the Pindale Tuff in the Michill Bank area to the west of Hope Cement Works Quarry.
The attenuated lava i{s traced in boreholes as a thin (0-2 m) weathered tuff horizon east of
Hazard Mine Shaft (SK 137.813) whilst in borehole AF1 (Stevenson et al., 1971, plate IV) the
tuff, noted as a 'clay parting', is recorded some 7 m above the Pindale Tuff and is 10 m
above the Cave Dale Lava In Roger ClHff (Cave Dale).

The Cave Dale Lava

3

The amygdaloidal Cave Dale Lava is exposed near the head of Cave Dale (SK 148.822)
where a 7.6 m section {s visible, Shirley & Horsfield (1940) proposed that the lava was at
the same stratigraphical horizon as the Millers Dale‘ Lower Lava. However, as they considered
‘that the Cave Dale and Millers Dale Lower Lavas were part of the same flow, they attributed
the absence of lava in the Dirtlow Moor area, S.W. of Cave Dale, as due to the effects of a
postulated D; (mid-Asbian) erosional episode. Stevenson et al. (1971) refuted this proposition
and from evidence provided by borehole cores, showed that the Cave Dale Lava was a flank
eruption of the main cone, from which the Pindale Tuff was ejected.

The Cave Dale Lava is traced at outcrop for a short distance (700 m) to the west of-
Cave Dale. A number of wayboards in the mines and caves around Castleton may represent-
the lava's lateral extent. A 0.3 m weathered clay in Winnat's Head Cave is located at the
same stratigraphical horizon as the Cave Dale Lava. Nettle Pot (SK 126.819) exposes two
clay horizons, the first at a depth of 45 m is 1.0 m thick and the second thinner horizon
{8 8 m lower in the succession. Ford (1952) referred to these horizons as 'clay beds with
amygdales' and implied they were decomposed lava. The upper horizon occurs to the NW
where {t {s exposed in Oxlow Mine (SK 125.822). Subsequently, Ford (1977) considered that
these 'clays' represent 'flows in the Cave Dale Lava'. The Millers Dale Lower Lava, it
Is proposed, may extend as far as Nettle Pot and another explanation is that the two clay
horizons are the remnants of both the Cave Dale and Millers Dale Lower Lavas.

Speedwell Littoral Cone

The outcrop of 'igneous material' near Speedwell Cavern (SK 143.825) has been the
subject of a number of publications. It was Interpreted as a vent by Gelkie (1897, p.16),
Bemrosge (1907, pp.250-1), Shirley & Horsfield (1940, p.294), Wilkinson (1967, p.49) and
Stevenson et al. (1971, p.301). Broadhurst & Simpson (1973) however, suggested that it
represented a fragmented portion of Cave Dale Lava Flow which had spilled over the dry
apron reef slope. This interpretation has been supported by Cheshire & Bell (1977) who
demonstrated the hyaloclastic nature of the 'agglomerate' and considered it to have been
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formed in the tidal zone at the foot of the reef slope. This interpretation would imply an
emergence of some 100 m in the mid-Asblan. The 'vent' is now considered to be a
littoral cone.

_ Brigantian Activity

Fearnsides & Templeman (1932) described the sequence in the Hope Cement Works borehole
(SK 1678.8228) which intersected pillow lavas and tuffs 21.3 m below the base of the Namurian.
Three vesicular pillow lavas, the lowest not penetrated, totalled 28.3 m {n thickness and were
scparated by 13.1 m of tuff and tuffaceous llmestone. Fearnsides & Templeman considered that
the sequence was unable to be correlated with adjacent volcanic horizons and stated that they
represented an unexposed vent in the vicinity. Eden ef al. (1964) regarded the sequence as
equivalent to the Pindale Tuff and hence implied an unconformable junction between the lava and
the succeeding limestones. This hypothesis was rejected by Stevenson et al. (1971, p.113)
who pointed out that the overlying limestones (with a Brigantian fauna) contained tuff bands and
tuffaceous partings which suggested an association between the limestones and volcanics. They
stated that the igneous rocks are upper P, (upper D,) or P, in age and lie near an unexposed
eruptive centre. This Interpretation {s supported by logs of the Alport (SK 136.911) and Edale
Boreholes (SK 108.849) described by Hudson & Cotton (1945b). Both showed extensive tuff
hor{zons in lower Brigantian 'basinal' facies. It is proposed that the pyroclastic components
of the pillow lava sequence in the Hope Cement Works, Alport and Edale Boreholes are all
of the same extrusive event.

The tuff in the Alport Borehole consists of altered palagonite, carbonated shards and glass
fragments, indicative of submarine eruptions. It is interesting that the only record of a major
pillow lava sequence amongst the Derbyshire volcanics should be associated with deep water
‘basinal facies' strata. :

4. The Eyam-Longstone-Litton Region

The igneous rocks (lavas and tuffs) in the north-eastern part of Derbyshire are poorly
represented at outcrop (text-fig. 17). They have ‘been Intersected in numerous mines and bore-
holes from which it is inferred that they are of considerable sub-surface extent. Indeed many
of the units are better developed than the lavas and tuffs in the Matlock and Millers Dale areas.

The Cressbrook Dale Lava and the Litton Tuff are well documented horizons; however a
further three major tuff horizons (the Longstone Edge Upper, Middle and Lower Tuffs) are
recorded here for the first time and an extensive lava, the Cressbrook Mill Lava, i{s separated
from the Cressbrook Dale Lava.

Stratigraphical Complexities

Brigantlan limestones (Monsal Dale and Eyam Limestones)dominate the surface strati-
graphical succession where typical exposures are seen in Eyam Dale (Stevenson et al., 1971).
Information with respect to the underlying horizons and especially the complete Asbian succession
has been provided only by the Eyam Borehole (Dunham, 1973) located to the north of Middleton
Dale (SK 2096.7603). A 162 m successlon of 'normal massif facles' limestones was intersected
in the 1851,0 m deep borehole, which compares favourably with 160 m of Asbian limestones and
volcanics intersected by the Severn-Trent Water Authority's borehole and surface exposures in
Millers Dale (p.113, this paper). However, the lavas present in Millers Dale are not developed
around Eyam. For example, a coarse tuff (18.6 m thick) at a depth of between 256.8 and 275.4 m
and a thin (0.63 m) tuff at 286 m, both within the upper Asbian succession of the Eyam Borehole
(Dunham, 1973) are not exposed in the Eyam area. They represent localised activity, which post-
dated the extrusion of the Millers Dale Lower Lava to the west.
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In contrast to the Asbian succession, the Brigantian Monsal Dale Beds illustrate cormrplex
facies and thickness variations related to the development of contemporaneous downwarping with __
respect to the more stable areas of Longstone Edge to the north and Monyash-Sheldon to the |
soutl., This palaeogeographical Interplay and facles variation introduces complexities in the
attempted correlation of relatively localised volcanic sequences, as palaeontological marker
horizons are not well developed. (Shirley & Horsfield, 1945).

The major facles change, which effects the Lower Monsal Dale Beds, particularly below
the horizon of the Cressbrook Dale Lava, is an area of subsidence in the Eyam-Calver area.
Thus, some 60 m of limestone are present beneath the Cressbrook Dale Lava in Cressbrook
Dale and 54 m of limestone beneath the same lava in the Ladywash Borehole (SK 218.776) while
109 m were proved by the Eyam Borehole. Above the horizon of the Cressbrook Dale Lava
the maln areas of subsidence are centred on Wardlow Mires and Great Longstone (text-fig. 17).

Stevenson et al. (1971) reported some 120 m of Monsal Dale Beds above the Cressbrook
Dale Lava in Wardlow Mires No.1 Borehole. These limestones decrease in thickness to 100 m
In Cressbrook Dale and the Littonfields Borehole (SK 175.759). ' To the east 70 m are recorded
in Dustypit Mine Shaft (text-fig. 17), 70 m in the Middleton Dale area and 60 m In the Ladywash
Borehole. Hucklow Edge No.l and 2 Boreholes penetrated 62.5 m according to Stevenson et al. -
(1971). Further to the west, in the region of Great Hucklow, these limestones thicken to
approximately 80 ms The major part of this variation is the result of subsidence in the Wardlow
Mires area during the deposition of the Lower Monsal Dale Limestones above the Cressbrook
Dale Lava and below the Upper Girvanella band; differential subsidence had largely ceased prior
to the deposition of the Lower Shell Bed (text-fig. 18).

Within this stratigraphical framework the region can be divided Into two areas each charac-

terised by extrusive centres. The Eyam-Litton-Hucklow area including the Litton Tuff and the
Cressbrook Dale Lava, and Longstone Edge which has complex tuff sequences. '

.The Cressbrook Dale Lava ‘ ,

The Lava has a restricted, poorly exposed outcrop near the head of Cressbrook Dale where
it 18 10 m thick and occurs 5 m below the horizon of the Litton Tuff. The Lava thins to the
south-cast and is absent {n a shaft on Wardlow Sough Mine (SK 176.748) some 300 m away,

It does not outcrop around Tideswell nor extend into the Longstone Edge area,

In a north-easterly direction it has a considerable sub-surface development. The Littonfields
Borehole (SK 175.759) indicated that the Cressbrook Dale Lava was 33.8 m thick, and the Wardlow
Mires No.1 Borehole proved a total thickness of 33,5 m. The Lava attains its maximum recorded .
thickness in the Eyam area, the evidence being provided by a number of boreholes. Dunham (1952)
reporting a borehole to the north of Glebe Mine shaft, indicated that the Lava was 76.2 m thick
with a 1.5 m thick volecanlec horizon 10 m below the base of the Lava. More recently the Eyam °
Borehole proved the Cressbrook Dale Lava to be 76.6 m thick with a corresponding tuff (1.55 m
thick) 14 m stratigraphically lower (Dunham, 1973). Additional confirmation that the Lava attained
its maximum development in the Eyam area was provided by the Ladywash Borehole which inter-
sected a 63,4 m thick lava underlain by the 10.7 m thick sequence of thin tuffs, elays and pyritic
limestones (Schnellmann and Willson, 1947). The Derwent Water Authority's borehole near the
west end of Middleton Dale (SK 205.760) intersected 50 m of lava overlain by a 1.5 m thick tuff,
but did not pass through the flow.

Examination of the Wardlow Mires No.l and the Eyam Borehole cores of the Cressbrook Dale
Lava have enabled the internal flow structures to be elucidated (text-fig. 18) The predominant
features are breccias In the lower part of the unit, and comparable with the 'auto-breccias' or -~
'flow brecclas' described from the Haddonfields and Ashover area (p.103, this paper, and
Ramsbottom et al., 1962). They consist of oxidised angular fragments of either vesicular or
non-vesicular basalt set in a matrix of silica and chlorite. The breccias interdigitate with non-
brecclated lava flows. In the Eyam Borehole the lower breccla sequence is 22 m thick, while
17 m are developed in the Wardlow Mires area. Core samples indicate the presence of similar
breccias {n the Ladywash Borehole.
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In a north-westerly direction towards Great llucklow only the uppermost part of the
Cressbrook Dale Lava has been encountered in a number of old lead mines (Farey, 1811) and
boreholes, all of which Indicate an easterly dip of the upper surface. The Hucklow Edge No.l-
Borchole penetrated 3.6 m into veslcular lava with an overlying 2.6 m tuff. Hucklow Edge
No.2 Borehole drilled 19,8 m of lava below a 1.4 m thick tuff sequence. Around Great Hucklow
the lava was encountered in Milldam Mine and the Derwent Water Authority's borehole (SK 178,
776) was sunk through 1.8 m of tuff and into 2.0 m of lava.

The overall variations in thickness together with their geographical distribution imply an
emanative centre for the Cressbrook Dale Lava in the area to the south of Eyam. However,
closer examination of the available information indicates that extrusion may have been beneath
Hucklow Edge to the west of Ladywash Mine for Slater's Engine Borehole at Foolow (SK 193.
777) proved that the Lava was 72 m thick (J. lHedges, pers. comm.), The Lava is overlain
by only 0.75 m of tuff in the Eyam Borehole and rests with a sharp irregular base on a thin
(0.5 m) tuffaceous limestone sequence. When traced northwards towards Ladywash Mine, the
basal tuffaceous limestone increases in thickness as does the overlying tuff. In the Twelve
Meers Mine region (text-fig, 17) the overlying tuff is coarse and poorly sorted with abundant
limestone clasts and is interbedded with fine pyroclastic debris with high angle graded bedding.

This observation may imply the proximity of a pyroclastic cone marking the eruptive centre of
the Cressbrook Dale Lava.

The westerly extent of the Cressbrook Dale Lava beyond Milldam Mine is uncertain.
During the sinking of High Rake Shaft (SK 163.778) at least 133.5 m of 'toadstone' were
penetrated, leading to the abandonment of the shaft at a depth of 219.5'm (p.119, this paper).
The top of this toadstone lies very close to the stratigraphical position of the Cressbrook Dale
Lava. The 133.5 m of toadstone may be due to the intrusion of a dolerite sill into the
Cressbrook Dale Lava at this locality, in a situation similar to the Tideswell Dale, Bonsall,
Waterswallows and Calton Hill sillss The nearby Black Hillock Mine shaft penetrated 183 m
of the Potluck Sill and its assoclated feeder (Walters, 1980). Another possibility is that the
'toadstone' represents a tuff-mound unrelated to the Cressbrook Dale Lava. A thickness in
excess of 130 m indicates a substantial cone structure and this would have to thin rapidly to
be absent at outcrop over a distance of less than 2 km. Such a situation is not improbable
if it 1s compared with similar changes in thickness of some of the tuff horizons of Longstone
Edge. On Tideswell Moor a distinct tuff horizon stratigraphically below the Litton Tuff may
equate with a tuff sequence at High Rake shaft (Walters, 1980).

The implication of this alternative hypothesis is that the Cressbrook Dale Lava rapidly
attenuates west of Milldam Mine shaft. In support of this proposition, Green et al. (1887)
stated that when the top of the lava was traced west of the shaft it was found to be absent
from its projected position 'if it had had the same dip as the enclosing limestones'.

North of High Rake, Green et al. recorded a 45 m thick toadstone at a depth of 95 m
{n Shuttle Rake Mine (approx. SK 160.795). This places it at approximately the same
stratigraphical horizon as the Cressbrook Dale Lava but again it is difficult to reconcile with
the proposed position of the emanative centre. In the absence of further borehole information
the igneous stratigraphy of the Great Hucklow area must remain speculative. The subsurface
presence of igneous horizons in addition to the Cressbrook Dale Lava is a distinct possibility.

The northern and eastern extent of the Cressbrook Dale Lava cannot be defined. In all
probability it extends beneath the Namurian cover to the north of Hucklow Edge and into the
Abney Syncline. Likewise the eastern boundary may coincide with the valley of the River
Derwent, between Grindleford and Calver, and as it has not been encountered in the Longstone
Edge area it is inferred that the southern boundary is beneath Middleton Moor.

The Litton Tuff

The Litton Tuff can be traced from Tideswell Moor through Litton and Cressbrook Dale
to Wardlow Hay Cop (SK 180.738)., It attains its maximum thickness In excess of 30 m to the
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north-east of Litton, where temporary exposures (Stevenson et al., 1971) of an agglomerate
which included bombs, indicate proximity to the vent. At outcrop in Cressbrook Dale it
decreases in thickness northwards from 12.8 m to 7.6 m, a trend confirmed by the Littonfields
Borchole where 3.2 m of fine grained tuff overlie 0.9 m of tuffaceous limestone. 1In the
Wardlow Mires No.l Borehole 0.5 km from the proposed source area the Litton Tuff is a

0.76 m thick unit {llustrating small scale graded bedding (Stevenson et al., 1971, p.124).

The Tuff i{s separated from the Lower Girvanella Band by 24.2 m of oolitic limestone which
Stevenson et al. related to the effects of sedimentation against the upstanding cone structure.
In profile the .Tuff represents a low-angle tuff-mound with peripheral slopes in the region of 1°

In the Hucklow Edge area the Litton Tuff might be expected to be present in a highly
attenuated form as a thin, fine-grained tuff or a wayboard, but it has not been detected in
either the Hucklow Edge No.l or No.2 Boreholes. Green et al. (1887) recorded a thick clay
horizon 3.7 m above the Cressbrook Dale Lava in Milldam Mine as 'hot unlike decomposed
toadstone'. The Great Hucklow Borehole (SK 178.776) intersected a 0.3 m thick 'ashy shale'
also 3.7 m above the Lava. This horizon lies at a similar stratigraphical position and may
well correlate with the attenuated Litton Tuff. '

In the Eyam area the Litton Tuff has been correlated with a 1.1 m thick fine-grained tuff
12 m above the Cressbrook Dale Lava in the Eyam Borehole (Dunham, 1973). A thin tuff only
12 m below the horizon of the Lower Shell Bed (text-fig. 18) in Burnt Heath Mine shaft, on
Middleton Moor, has also been correlated with the Litton Tuff by Worley (1978). These supposi-
tions may be incorrect for the Eyam area is nearer to lLongstone Edge than Litton and it {s
now becoming evident that major tuffs are located in the Longstone Edge area with which these
tuffs may correlate.

T

Longstone Edge )

The mining and exploration boreholes located on the 5 km of Longstone Edge have indicated
numerous igneous horizons of which only one is seen at surface. The area has been and {s one
of the most actively exploited areas of Derbyshire for Laporte Industries Ltd. are mining fluor-
spar from Sallet Hole No.1 Mine. At the time of writing detalled information for the area is
minimal and this account must be regarded as no more than an introduction to the complexities
of the area.

Mining documents of the 18th and 19th centuries recorded an unsuccessful attempt to drive
a level from Coombs Dale (Sallet Hole Level) in 1780. It encountered a toadstone. Wager!'s
Level was then driven north into Longstone Edge to work veins beneath the toadstone (Willles,
1976). More recent informatfon has been provided by Ineson (1967 & 1970) and Butcher (1976)
with borehole information provided by Laporte Industries Ltd.

The igneous activity 1s dominated by Brigantian pyroclastic eruptions glving rise to low
angle tuff mounds with peripheral slopes of between 2° and 5°% Occasionally these tuff mounds
exceed 90 m in thickness but illustrate rapid thinning where limestone intercalations interdigitate
and result in a complex relationship between extrusion and sedimentation. The correlation of
the major tuffs with their lateral attenuated representatives, that s thin tuffs and wayboards,

{s extremely difficult as no detailed palaeontological correlation of marker horizons is available
and the Monsal Dale Limestones show a strong easterly increase In thickness.

Three major tuffs have been intersected (text-fig. 18) and are designated the Longstone
Edge Upper, Middle and Lower Tuffs. The Upper Tuff was intersected in Sallet Hole Mine
No.l adit where it proved a maximum development of some 30 m. The same horizon {s 5 m
thick at the eastern end of Longstone Edge (Red Rake) and of similar thickness at the west
end in the High Rake area. Petrographic details were given in Ineson & Mitchell (1973). The
Middle Tuff is centred further west at High Rake where 90 m are recorded; it likewise attenuates
in both an easterly and westerly direction, in the former direction at Deep Rake it is 0.7 m
thick and it may extend into the Watersaw Rake although a positive correlation is not possible
(text-fig, 18). In general terms the western segment of Longstone Edge does not contain major
developments of tuff. The Lower Tuff, for which information is at present minimal, appears
to be thickest (> 35 m) beneath the Deep/Red Rake area (text-fig. 18).
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The lowest igneous horizon so far penetrated {s a thin but extensive lava. Crossdale
Mine Shaft (SK 184.732) at the west end of Watersaw Rake encountered lava at depth of 110 m
while Farey (1811) noted a toadstone in Robinstye Mine in Hay Dale. These two occurrences
are the lateral equivalent of the lava exposed near Cressbrook Mill (text-fig, 17) located at
the horizon of the Millers Dale Upper Lava, Walkden (1977) postulated a deep embayment in .
the geographical outline in order to incorporate this locality in the overall extent of the Millers
Dale Upper Lava. This suggestion is not substantiated for it is proposed that this lava, now
termed the Cressbrook Mill Lava, {s part of a separate flow centred in the Longstone area.-
The Lava, at the Asblan-Drigantian boundary, can be tentatively correlated with similar material
Intersected in boreholes located in the central and eastern part of Longstone Edge (text-fig, 18),
Although only 4 m thick {n the Deep/Red Rake area information provided by Mr. J.D. Hedges
indicates that 'a substantial thickness' is present beneath the central area of Longstone Edge.

Additifonal Information with respect to the geographical extent of these igneous horizons .-
beneath Longstone Edge i1s not available. They have not been recorded at outcrop in the Little
Longstone-Monsal Dale area to the south and they are largely absent to the north in the Eyam
Borehole. Farey (1811) noted toadstone in ligh Fields Sough located to the north of Coombs
Dale. The tuff horizons in the Eyam Borehole and Burnt Heath Shaft may well be the attenuated
equivalents of the tuffs beneath Longstone Edge. This suggestion implies the complex inter-
fingering of the attenuated Longstone Edge Tuffs and the Cressbrook Dale Lava and Litton Tuff -
beneath Middleton Moor, a statement which at present canhot be substantiated. .

Conclusions

The correlation of the igneous horizons in Derbyshire, and in particular the South Pennine
Orefield, has indicated a greater complexity than had been previously proposed for more than .
thirty major lavas and tuffs have been recognised.

In the Matlock, Wirksworth, Ashover and Crich region the Bonsall Moor area is providing
detalled information with respect to the form and attitude of the igneous horizons as well as the
influence they have had on the near surface mineralisation. The opencast sites and exploration
boreholes for fluorspar have intersected the Matlock Upper Lava and the Winster Moor Lava
on Bonsall Moor and have shown that the stratigraphical horizon of the Winster Moor Lava is
equivalent to the Upper 129 Toadstone of Millclose Mine. These two units are located in the
Asbian-Brigantian boundary.

To the south, in the Middleton-by-Wirksworth area the Winster Moor Lava is absent,
whilst the Matlock Lower Lava rests directly on the Asbian limestones. This junction is
marked by a palaeokarstic surface indicative of an emergent and erosional period which is
equivalent, in the Bonsall Moor area, to the limestone succession between the Winster Moor
and Matlock Lower Lavas.

The overall geographical distribution and thickness varlations indicate that the main
eruptive centre from which the Matlock Lower Lava was emitted is likewise located on
Bonsall Moor in the vicinity of Low Mine. The easterly extent of both the Matlock Upper
and Lower Lavas may, in part, contribute to the thick sequence of volcanics proved at Ashover.
However until detalled palacontological zonation of the intercalated limestones is undertaken,
definitive statements are not possible.

In this southern region the authors conclude that the Grange Mill Vents and the Shothouse ‘
Spring Tuff represent localised volcanicity which although contemporaneous with the extrusion
of the Matlock Lower Lava, was unrelated to it.

'The maximum development of the Matlock Upper Lava (36 m) is ln the vicinity of Cawdor
Quarry, Matlock.

Further north in the Alport-Bakewell-Taddington Region, of the 7 major lavas recorded in
Millclose Mine, only 3; the Matlock Upper Lava, the Upper 129 Toadstone and the 'Alport' Lava
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can be correlated with lavas at outecrop. The remaining 4 (the 103, the Pilhough, the Lower
129 and the 144 Pump Station Toadstones) represent localised flows beneath the Namurlan
cover, which were extruded from a volcanic centre in the Rowsley area.

. .+-This region has a proliferation of locally named lavas which were thought to be separate
horizons. We now conclude, however, that the 'Alport' Lava of Millclose Mine, the Alport
Upper Lava, the 'Haddonfields Upper Lava' and the Conksbury Bridge Lava are one and the
same eruptive unit. Likewise, but less definite, the Alport Upper Lava is equivalent to both
the Lathkill Lodge and the Bradford Dale Lavas. We can find no evidence to support the . |
proposition of a vent in the vicinity of Wheels Rake Shaft on Long Rake Shaft. ‘

- A tentative conclusion for the area between Long Rake and Bakewell based on the extra-
polation of known igneous horizons in surrounding areas, implies the presence of thick and
complex igneous deposits. Unfortunately, there are no exploration boreholes nor old mines
situated in this area to confirm or disprove this statement., :

In the Castleton-Buxton-Tideswell Region the Millers Dale Lower Lava (30 m thick) occurs
in the vicinity of Wormhill and this implies a genetic relationship with the vents in Monks Dale
and Peter's Dale, and secondarily that the geographical distribution of the Millers Dale Upper .
Lava is asymmetrical with respect to a single extrusive vent at Calton Hills This observation
combined with additional information suggests that a second extrusive vent may be present
beneath Tideswell Moor. Although the area between Castleton, Bradwell and the villages of
Little and Great Hucklow is known to contain a number of volcanic horizons these cannot be
correlated with those of adjacent areas, for insufficient details of the stratigraphical succession
are available, due to the lack of deep boreholes. . The opposite case occurs around Castleton
and that area is best regarded as a distinct volcanic centre unrelated to that centred on Millers
Dale. Igneous activity, dominated-by the extrusion of tuffs, occurred over a period of 20
million years, that is, from the Holkerian to the Brigantian. Pillow lavas assoclated with
'basinal facies' limestone-shale sequences indicate dominant subaqueous extrusion as opposed
to the largely subaerial extrusion associated with the volcanicity in the 'shelf arcas'. Six
igneous units are recognised in the Castleton area. Pillow lavas occur at the highest strati-
graphical horizon and are underlain by the northern limit of the Millers Dale Lower Lava,
the Pindale Tuff and Cave Dale Lava, the Bradwell Moor tuffs, and a basalt bencath Eldon
Hill Quarry. An agglomerate in Holkerian limestones is the lowest unit proved in the Castleton
area, and this, as with other horizons beneath the Pindale Tuff/Cave Dale Lava, cannot be
followed laterally to any great extent,

The study of the north-east region of Derbyshire, Eyam-Longstone-Litton, was hampered
by 'restricted' information. Sufficient information. is available, however, for it to be concluded
that the Cressbrook Dale Lava was extruded from the central part of Hucklow Edge rather than
to the south of Eyam, as had been previously inferred.

= . The lava exposed at Cressbrook Mill {s not part of the Millers Dale Upper Lava, but is the
western edge of a thin but extensive flow traced beneath Longstone Edge, the Cressbrook Mill
Lava. Although the limestones beneath Longstone Edge have not been palaeontologically sub-divided
it is thought that the Cressbrook Mill Lava is located at the Asblan-Brigantian boundary.

The Longstone Edge area contains a complex Brigantian volcanic sequence dominated by
three major tuff horizons, called the Longstone Edge Lower, Middle and Upper Tuffs. Contrary

~to previous opinions these tuffs are not considered to be the lateral equivalents of either the
Litton Tuff or the Cressbrook Dale Lava.

The stratigraphical horizons and geographical distribution of the Derbyshire igneous rocks
are important as they.effect the hydrology of the limestone area, giving rise to perched water
tables, They likewise have had an important influence on the localisation and form of a number
of orebodies (Trail, 1940; and Walters & Ineson, 1980).

Although the Matlock and Millers Dale areas were regarded as the main extrusive centres,
the present study has shown that virtually the whole of the eastern part of the South Pennine
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Orefield {s underlain by substantlal volcanic sequences as suggested by Ford (1977, p.65).

Individual volcanic centres with pyroclastic cones, volcanic breccias and lavas often exceed'
100 m in thickness. o

It is concluded that the surface exposures represent the western edge of a Lower Carbonl-
ferous igneous province, that extends to the east beneath the Namurian cover. :

" The igneous activity fn Derbyshire {llustrates a wide range of basaltic rock types with
minor geochemical and petrographic variations. Extrusive bodles Include lavas, tuffs, auto-
breccias and cones which have a stratigraphical range from the Upper Holkerlan to Upper
Brigantian (S; to Dg), f.e., 20 m.y. However, the major phase of activity occurred In the
Lower Brigantlan. These deposits cannot be considered to be minor in extent or volume for
ten lavas have an areal extent in excess of 10 km? and maximum thicknesses of ‘approximately - -
100 m, with volumes in the order of 4 km?, Intrusive bodies, genetically related to the
basaltic volcanism, include vents, sills and dykes. ' Isotopic age determinations on the sills
indicate a Namurian age of emplacement. J

The correlations proposed are the best obtainable in the light of available evidence and’
until a full and comprehensive correlation of the limestones is undertaken, this paper must’
be regarded as erecting tentative conclusions in certain areas. The value of this exercise i{s '

not only in the reconstruction of the past volcanic environments, but may also help mineral -
operators to locate additional deposits. :
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APPENDIX THIRTEEN.

The Waterswallows Sill,Derbyshire.

Paper in preparation for submition to the Yorkshire Geological
Society,November 1981.The authors are Walters,S.G. and Ineson,P.R.
Until publication all borehole information and analyses can not

be reproduced without permission.



APPENDIX 13.

The Waterswallows Sill,located 3km north-east of Buxton,has a
circular outcrop area some 0.6km in diameter (Fig. 13.1).The intrusive
dolerite is exposed in the roadstone quarry owned by Tarmac Roadstone
(Northern) Holdings Ltd.Recent quarry extensions and exgloratory bore~
holes have enabled a detailed investigation of the internal structures,
geochemical variations and form of the intrusion to be undertaken.The
sill was briefly recorded by Bemrose (1907),whilst Moseley (1964)
interpreted the then avaliable evidence as indicating an extrusive origin.
This'prOposition was refuted by Stevenson et. al. (1970)and Stevenson
and Gaunt (1971) who on the basis of K-Ar age determinations,petrology
and field relationships confirmed an intrusive origin.However,the present
study has indicated numerous aspects which are at variance with thése

latter descriptions.

The Waterswallo§s S5i1l,in common with the majority of intrusions
in the south Pennines (Walters and Ineson,1981),has been intruded
along the line of weakness afforded by a Lava/limestone interface-
in this instance the Lower Millers Dale Lava.Over much of its present
area the Sill was intruded within the Lower Millers Dale Lava,howevér
to the east the sill becomes gently transgressive into the underlying
Chee Tor Limestones whilst to the west the Sill is more stongly
discordant, transgressing into the overlying Millers Dale Limestones.
The overall form of the Sill resembles a small lopolith (Fig. 13.2 and
13.3) with strongly upturned margins dipping at 40° to the west and
south-west.Contours constructed on the base of the sill (Fig. 13.2)
indicates this overall form but also illustrates the undulate nature
of its basal contact.Eposures on the lower levels of the quarry and
all recent boreholes indicate a variable sequence of lava and tuff
directly beneath the intrusive dolerite in the central quarry area
(borehole logs dating from the early programme of exploration carried
out by Hughes Brothers unfortunately fail to recognize or record this
basal sequence.)The Lava/tuff sequences underly the dolerite despite
the large scale undulations of the lower contact indicating that it
represents a post-intrusive,tectonic feature in keeping with the

observed regional dip variations which approaches 12°.A minimum



v

thickness of 80m has been proven for the Sill in the area of maximun

downwarping in the north-eastern area.

The sharply defined,undulating basal contact of the sill is at
present (July 1961) well exposed in the lowest level of the quarry.
The dolerite is in contact with some 4m of non-vesicular to poorly vesi-
cular lava with a concentration of calcite veinlets around the actual
contact.The petrographic alteration of even the hard,dark non-vesicular
lava contrasts with the fresh nature of the overlying dolerite.The
upward "bulges" of vesicular lava into the dolerite noted by Moseley
(1966) are not present,neither is the thin limestone horizon between
the lava and underlying tuff (Moseley,op. cit.)Towards the lower contact
of the lava it becomes more vesicular and bleached to a coherent
"Toadstone clay"type litholoéy.cdarse tuffs with abundant limestone
inclusions and iron stained tuffaceous limestones are present below
the lava and have likewise been proved in boreholes ﬁnder the western
and central parts of the sill.There are indications that the basal tuff
thins and finally disappears to the south-east' and it is also absent
some 2km to the north-east.i.e. in the vicinity of Buxton Bridge (see
Appendix 7,borehole T/B/21.)The coarse nature of the tuff in the quarry
area indicates proximal activity which is confirmed by the rapid
increase in thickness of both tuff and lava tn a north-;esterly
direction beneath the area of the processing plant.The increase in
thickness of the tuff to over 20m indicated the site of the central cone
responsible for the extrusion of the Lower Millers Dale Lava.
Likewise the close association of the tuff cone with the area of
maximum thickness of the dolerite and greatest discordance of the sill

suggests a common feeder for both extrusive and intrusive activity.

Three distinct petrographic tyﬁes can be recognized in the Sill
and enables a division into lower,middle and upper horizons.The lower
horizon and the middle horizon are characterized by fine-grained dolerite
lacking the ophitic texture common to the majority of south Pennine
intrusions.The lower horizon averages 20-30m in thickness (Fig 13.3)



and is associated with spectacular columnal jointing (see Frontispiece
to Chapter 4) .The fine-grained dolerite is olivine-microphyric with some
7% of olivine exhibiting incipient smectite alteration,rare partly
resorbed plagioclase microphenocrysts are noted but augite phenocrysts
have not been observed.The groundmass consists of labradorite laths
(less than 0.25mm) exhibiting a degree of fluxioning together with
granular augite and lobate Fe-Ti oxides of late stage crystallization.
Intersertal areas are composed of primary glass associated with apatite
concentrations,partial devitrification is present with exsolution of
iron oxides and smectite alteration.(see Table 13.2 and Plates 1.7,2.1
and 2.2) The middle horizon is a fine grained olivine microphyric
dolerite with a slightly coarser texture than the lower horizon.It
contains no relict olivine and a high percentage of interstitial
secondary smectite areas.In addition,the middle horizon is enriched in
plagioclase and depleted in augite in comparison with the lower horizon
(Table 13.2) The contact between these two horizons is well defined

and has been located in all recent boreholes (Fig. 13.3)There are no
detectable chilling relationships,although a slight "iransitiOnal"

type in terms of plagioclase and augite Percentages is noted towards
the top of the lower horizon(Table 13.2).The lower horizon exhibits
minor deuteric alterations in comparison with the middle horizon and
recent developments of the quarry have been designed to exploit the

lower horizon as a high quality roadstone.

The upper horizon represents a "gabbroic" development and has
been largely removed by erosion and quarrying with only isolated areas
remaining in situ in the north-west area of the quarry.Average grain
size exceeds 2mm,with smectite pseudomorphs after olivine phenoéysts
in excess of 4mm and constituting over 25%.Coarse intergfowths of augite
and labradorite lack the ophitic texture (see plates 1.7 and 2.2),while
interstitial areas contain zoned smectites.The detailed relationships
between the gabbro and the middle horizon are not known but all evidence
indicates that the Sill is a composite intrusion with at least three
distinct phases of intrusion.



The geochemistry (Table 13,1) indicates minimal variations between
the lower and middle horizons.The gabbroic horizon,however, is distinctly
"less ev§IVed",contrasting,for example,with the high state of evolution
of the Conksbury Bridge Lava which although much finer grained is of
the same petrographic type with a high proportion of olivine pseudomorphs.
The gabbro exhibits many similarities with the basal picritic layer of
the Duffield Sill (see Fig 7.11).However,its location above the thick
dolerite horizons does not support an in situ cumulus origin.The most
plausible explanation is that the gabbro represents the olivine enriched
basal 1ayér of the sub-intrusive magma chamber which was intruded as the
final product of intrusive activlty,thus reversing the normal vertical
geochemical variations associated with in site different%gtion and

crystal settling.

Major element variations in the Sill fall within the "liquid
line of descent" for the south Pennine basalts.In terms of evolution
the Waterswallows dolerite is less "evolved" in comparison with other
sills and shows strong affinities with the least evolved lavas,in
particular the Lower and Upper Millers Dale Lavas(Fig. 7.1).This is
emphasized when the average analyses of incompatible and minor elements
(Fig.7.7) are compared.These indicate a close correspondance with the

Lower Millers Dale Lava,in particular with respect to K,0,2r and P

O
levels.The spatial and geochemical correlations betweenzintrusive ing
extrusive activity in the south Pennines is indicative of consanguineous
activity.The concept of a prolonged hiatus between intrusive and
extrusive activity has been based on the results of K-Ar dating on dolerite
from the Waterswallows Sill (Stevenson et. al.,1970) ,however,as Chapter
12 indicates this material is wholly unsuitable for K-Ar dating and any
apparent "concordant ages" are the result of Ar loss from the inter-

stitial smectite,the main potassium bearing phase.



TABLE MAJOR AND TRACE ELEMENT GEOCHEMISTRY

13.1
3 1 2 3
sio, 49.98 50. 42 50.13
Ti0, 1.81 1.81 1.79
A1,0, 14.02 13.72 13.70
Fe,0, 2.97 2.78 2.69
FeO 8.40 8.90 8.88
MnoO 0.16 '0.14 0.15
MgO 8.66 9.07 8,78
cao 8.60 8.55 8. 34
Na,0 2.62 2.60 2.66
K,0 0.38 0.34 0.58
H,0" 1.78 1.48 1.35
Hzp 1.05 0.54 0.40
P,0, 0.24 0.23 0.23
C02 0.08 0.08 0.03
503 0.00 0.00 0.02
Total 100.81  100.66 99.73

ppm.

Ga 24 21 21
b 13 13 12
Pb 7 8 6
Rb 9 11 15
Sr 311 327 252
¥ 23 23 23
Zn 107 ‘109 109
zr 125 125 122

1- Lower horizon,bulk sample of chips.
2-Lower horizon,4m above basal contact.
3~Lower ﬁorizon,transitional type.
4-Middle horizon,bulk sample of chips.
S-Upper horizon.

6-Upper horizon.

7-Stevenson and Gaunt (1971)

49,85
1.83
13.84
2.90
8.22
0.15
8.70
8.69
2.49
0.33
1.52
l.03
0.24
0.13
0.05

99.97

21
12

322

22
109
127

43.64
1.44
11.42
4.31
8.63
0.14
13.20
5.74
1.56
0.41
4.35
1.92
0.16
0.16
0.00

100.08

16

151
16
114
921

46.24
1.53
12.56
3.63
8.54
0.13
10.99
7.01
1.99
0.42
3.07
3.53
0.18
0.06
0.01

99.89

18

10
212
19
lo7
98

49.98
1.74
14.06
3.36
7.27
0.15
8.26
8.62
2.62
0.44
'1.76
1.75
0.19
0.36
0.15

99.71

18



TABLE

13 .'2

DI EN

HY EN

OL FO

Total

NORMATIVE .

2.31
22.68
25.89
6.69
3.90
2.48
17.59
11.17
0.39
0.27
2.18
3.51
0.58

99.63

2.01
22.34
25.10

6.85

4.00

2.53
18.42
11.63

0.35

0.24

2.18

3.50

0.54

99.67

ANALYSES

3.49
23.02
24,22

6.91

4.00

2.59
16.36
10.59

1.37

0.99

2.18

3.47

0.54

99.711

2.01
21.66
26.33

6.87

4.05

2.49
18.23
11.14

0.00

0.00

2.18

3.57

0.56

0.61
99.69

2.66
14.56
25.33

2.04

l.26

0.66
20.79
10.90

9.94

5.74

2.18

3.02

0.42

99.50

2,66
18.11
25.85

4.27

2.57

1.47
19.45
11.14

5.15

3.25

2.18

3.11

0.44

99.64

1.42
23.86
32.66

0.00 .

0.00
0.00
12.93
12.04
0.00
0.00
2.18
3.77
0.57
9.75
99.56



TABLE
13.3

Plagioclase.
Auéite.
Olivine.*
Fe;Ti Oxides

Interstitial areas.

\

(p)
38.0
43.6
7.2
7.4
3.8

(A)~Lower horizon

(B)-Lower horizon-'transitional!

(C)-Middle horizon
(D) -Upper horizon.

(B)
46.4
32.6
6.8
7.6
6.8

AVERAGE MODAL ANALYSES.

() (D)

46.6 44.6
25.6 17.6
5.2 27.0
6.0 4.4
16.6 6.4
type.

*=-Includes relict olivine and smectite replacements.

X-RAY DIFFRACTION ANALYSIS RESULTS.

Whole rock smear
Lower horizon......
Clay fraction

Lower horizon.....
Whole rock smear
Middle horizon....
Olivine pseudomorph
Upper horizon.....
_Fibrous vein infills

at basal contacte...

15.1%,7.4,3.04

15.1,7.4,3.04

15.0,7.5

14.8,7.4

15.2,7.5

Air dried,4-30° 26

l6.8

16.7

16.2

16.3

16.8

Glycolated,4-10°

1 hr 450°
4105 20
9.83
9.77

10.0

9.8

9.8



WATERSWALLOWS SILL-LOCATION DETAILS....

SS5A~ Lower horizon,bulk sample of chips.

55B-Lower horizon,hand specimen approx 4m above basal contact.

56~ "Intermediate" type below upper contact of Lower Type,hand specimen.
57- Middle horizon,bulk sample of chips.

SBA—Upper "gabbroic" horizon,hand specimen.

58B-Upper "gabbroic" horizon,hand specimen.

Samples 55 to 58 collected within Waterswallows Quarry.
59- Tunstead North dyke,Buxton Bridge-Great Rocks Dale.

PLATES
1.1 (frontispiece to Chaptef 5) photomicrograph,lower horizon.
1.3 Photomicrographs,Tunstead North Dyke.
1.7 Photomicrographs,petrographic variations in the
- Waterswallows Sill. <»
2.1 E & F. Photomicrographs,interstitial phase in the
. Middle and Lower horizons.
2.2 D & E. Photomicrographs,olivine pseudomorphs-Lower and
Gabbroic horizons.
FIGURES

13.1 General location map,Waterswallows Sill.
13.2 Contours on the base of the Sill and borehole locations.

13.3 Geological cross sections,Waterswallows Sill.

TABLES 13.1 Major and Trace element analyses.

13.2 Normative and modal analyses.



FIGURE 13.1
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FIGURE 13.2
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FIGURE 13.3
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