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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

Summary

The classical work on the igneous horizons in 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 is 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 illustrated 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 review, 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 Dinantian limestones exposed in the South Pennines contain a varied 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 especially 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,
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A number of igneous horizons are known to extend to the east under the Namurian
strata, for volcanic products have been recorded (Ramsbottom ef 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 in 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's
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' field observations.

*The authors were provided with borehole logs and core, etc. on the understanding that no
details 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 respect 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) initially
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 ef 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 is 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
irregularities 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 22.9 m
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 facies 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. Shirley'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.1l & 3). It is recognised in inliers
in the Derwent gorge at Matlock and Matlock Bath. South of the Bonsall Fault, the Lava outcrops
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 Gellia 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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Text-fig. 3: The geographical distribution of the Matlock Lower Lava, stippling
denotes subsurface extent and density denotes certainty.
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Text-fig. 4: The geographical distribution of the Matlock Upper Lava.
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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 is 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 varied
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 illustrate 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
iron-stained matrix of shards and comminuted volcanic 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 is 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 et 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'.

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 is 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 is 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 is recorded from boreholes on Middleton Moor (Worley, 1978).

Middleton Moor

In sections above Middleton-by-Wirksworth Limestone Mine (SK277.557) the Matlock Lower
Lava is 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 ef al. (1907) recorded a problematical flow front of 20 m of weathered and brecciated
lava interdigitating with limestones (SK278.555, text-fig. 3).

90



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 (SK287.546G). Farey (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 yielded 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 SK289.557 and SK289.684
respectively. At the former locality, the Meerbrook Sough, some 54 ft. (16.5 m) below
Cromford Sough (Oakman, 1978) intersected the Great Clay, here said to be 6 fathoms (11 m)
thick. A section by Wheatcroft (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 inliers 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 this 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. Bacchus 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
93 fathoms thick (17.4 m). 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 93 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, ef 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 is observed in the Masson Hill-Jugholes area (text-fig. 2).
According to Dunham (1952) the lava is 21.5 m 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 35 m of lava on Masson Hill, while in Oxclose shaft
(SK275.599) 29 m is proved.
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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 borehole evidence the Matlock Upper
Lava can be traced adjacent to Seven Rakes vein at Cawdor Quarry, Matlock, where it is 36 m
thick (Smith ef 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 1 m 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
absent at Crich, although Alsop (1845) reported a clay wayboard varying from 30 cm to 4 m 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 volcanic sequence
at Ashover (1.7 km to the north). Additional clay wayboards, in the Crich area, were reported
by Sargent (1912),

Ashover Area

Correlation of the tuff sequence exposed in the core of the Ashover anticline has always
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.

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 be 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 54.9m 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.

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

indicated that the Fallgate borehole intersected an exceptionally thick (293 m) voleanic assemblage.
A 95 m 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 specified. A recent
paper by P. Kelman (1980) provides additional information.

The Bonsall Sill

The Bonsall Sill is 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? put is 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
55 m. Becks Mere No. 1 borehole (SK275.593) intersected a 6.4 m thick amygdaloidal
horizon with the mormal' coarse dolerite, at a depth of 33.5m.

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 is 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 sill. 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. Associated 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
isolated, 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 Lathkill
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 el 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'. 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. (17 m). 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 45.7 m
below the Orionastvea placenta band, whereas the Alport Upper Lava when traced into the
Conksbury area lies only 12m below the O. placenta 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 15 m. 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 Hillcar Sough, at a similar
stratigraphical horizon to the Alport Upper Lava. Guy Shaft (SK219.641) in the 1840's was
sunk beneath Hillcar 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 4.5 m of limestone. Butcher (1976) has shown that the lava
thins west of the Conksbury Opencast Site, and is 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 Ovionastvaea 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-fig. 5). The Orionastvaea 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) is 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 vein 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 Cliff
(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 correlate 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 is 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.
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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 is exposed in Taddington Dale (text-fig. 9). Near Fin Cop
(SK173.704) it is 11.5 m 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).

Ma@ie Mine Area

Magpie 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 is 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 42 m 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 Magpie 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.
(146.3 m) level in Magpie 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

100



it would have given a thickness of 40 m for the lava. However as Worley (1978) indicated,
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 1.5 m) 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 isolated
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 SK173.695 close to Fieldgrove Shaft, failed
to intersect the Shacklow Wood Lava, but proved a number of wayboards. In the same borehole,
a 0.55 m 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 placenta
band, can be traced into the area enabling a comparison to be made of the relative stratigraphical
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 et al. (1887) based their account
(Bagshawe Coll. B.C. 604,605) depict three toadstones. The 'lower toadstone' is 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). 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'.

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 intersected 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 Millers 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 in 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 Ovionastvaea 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

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 Pilhough 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. Traill (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 15 m 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 is 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 /non-
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 localities 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 typical 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 Castleton area, and so
complex are the igneous deposits of this geographically restricted area, that it is described
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in a separate section. 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 reappraisal with

the result that it is now considered to be a littoral cone. (Cheshire & Bell, 1977).

Pre-Asbian Extrusive Activity

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 ef 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 quarries, 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 near 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 olivine 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 ef 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 of a sill intruding the lava.

In the 1960's, I.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 roadstore aggregate. Boreholes 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. Sections 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 direction, 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 is 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) and
Wilkinson (1967). The Sill is transgressive and where it is in contact with the underlying limestone,
has resulted in marmorization. Wilson (1870) stated that a baked columnar clay preserved beneath
the vesicular lava was a volcanic mudflow. Geikie (1897) was the first to recognise the intrusive
origin of the 'crystalline basalt'. 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 alkali 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
is 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 Cressbrook Dale.

To the west of Tideswell, in the vicinity of Wheston, the Lava is approximately 27 m thick.
Two vents with vent agglomerate are located in Monks Dale and in Peter Dale. Bemrose (1907)
and Stevenson et 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 thick. 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 Wha<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>