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LOGISTICS

Side Pike is a relatively leavel, fairlyeasily accessible opportunity to examine welded
ignimbrite and other features associated with higlklplosive eruptions. Many equivalent
itineraries in the Borrowdalgolcanicgequire long days in the fells which may be defeated
by poor weather. The Side Pike traverse is a good option to have as a poor weather
alternative to more adventurous plans. Much of the traverse is either on the old path, or
new path, up to Side Pike and localities off the paths are close by. Parking is limited but
climb from the floor of Great Langdale is easy. The National Trust has a car pe&Tarn
and there is a footpath from there to the foot of Side Pike. A visit to Side Pike provides &
good vantage point for viewing the Langdale Pikes.
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INTRODUCTION

In the 1980s/1990s resurvey, the depositsina3kiNB I 6 St 6SSy { Bk&cotldnptde tied/ F
into the regional stratigraphy and the notion of the Side Pike Complex was introduced [Branney 1988]. It w
believed that the differences between this small area and its surrounds were created when flank failure of t
volcanic edifice led to blocks, 100s of metres to around a kilometre in size, sliding in from parts of the
stratigraphy no longer exposed. The blocks in this megabreccia were considered to be exotic.

However very detailed work on part of the established stratigraphy of the Scafell Caldera was extended to \
was the Side Pike Complex with dramatic consequences for the stratigraphy of the Borreeldalecsand its
volcanological model [Brown 2001]. At Long Crag [NY 2799 0400], within the Side Pike Complex as origin
defined, five metres of stratigraphy are so distinctive that Brown [2001] could identify them as being part of
uppermostSeathwaiteFell Formation which is the sedimentary infill of the Scafell Caldera. In this few metre
welded ignimbrite is overlain by accretionary lapilli tuff, a pairing of rock types not uncommon in the
Borrowdalesdbut to someone who has spent many weeks getting thoroughly acquainted with the sequence |
doing bed by bed logging, their characteristics were unmistakable! Having got this reference point it was
apparent that the underlying twenty or so metres of watam volcaniclastics are the equivalent of the
SeathwaiteFell Formation which is typically 100s of metres thick and at its maximum is 540 metres. Below
is a 70 metre thick sheet of rhyolite which is a much reduced section compared to the Scafell Caldera secti
a short distance away on Crinkle Crags. The rhyolite is the equivalent!ofAS8idQe Formation rhyolitic
ignimbrites which are typically close to a kilometre in thickness. These major thickness variations could ha
been caused by erosion of typical accumulations of Scafell Caldera deposits but they are more likely the re
limited deposition on topographic highs on the caldera margin. Subsequent work [Boulter et al. 2020] has
located part of the wall to the Scafell Caldera within the originally defined Side Pike Complex. The great
differences in thickness of units explain why it was so hard initially to correlate the much reduced units with
their much thicker equivalents in the Scafell Caldera. Such dramatic lateral differences over such a short d
are not uncommon in volcanic terrains but they make the job of mappers very difficult.



IMPLICATIONS OF THE REASSESSMENT OF THE SIDE PIKE COMPLEX

. Because the stratigraphy is no longer exotic, Brown [2001] has recommended that the use of the term Side Pik
Complex be discontinued.

. In the resurvey, when the uncertain stratigraphy was projected through the Side Pike Complé&xngmoort-ell,
Incorrect stratigraphic assignments were made from here eastwards [see next slide]. This led to a large area o
southern strip of the Borrowdaleolcanic§Ambleside 1:50,000 BGS Map] being wrongly assigned tSeaghwaite
Fell Formation when it is much younger. The only published map that corrects this significant error is by Millwa
the Proceedings of the Yorkshire Geological Society [2004, vol. 55,-pp5F.3This new formation has been named
the TilberthwaiteFormation but it does not appear on any published BGS maps even though it covers a large ar
On Earthwise P916047 [see two slides on] this new formation is shown as the Ambleside Basin Succession.

. In the Coniston area th€&ilberthwaiteFormation, which was erroneously thought to be theathwaiteFell

Formation, overlies, at an angular unconformity, major ignimbrite units such as the Lag Bank Formation and the
Paddy End Member of thackleFormation and hence these were placed much lower in the regional stratigraphy
than they should have been.

. Welded ignimbrites, younger than tt#eathwaiteFell Formation, in what was the Side Pike Complex, were genere
in a calderdorming explosive eruption which means that earlier work did not identify the associated Langdale
Caldera.

. What seemed to be a good stratigraphic marker, the accretionary tephlihorizon at the top of a thick sedimentary
sequence and just below tHancombTarns Formation, is in reality two units of very different agesGleamara
Tuff is near the top of the Scafell Caldera sedimentary infill an®wiaeescaPike Tuff is near the top of the
TilberthwaiteFormation, the sedimentary infill of the Langdale Caldera. Both probably represent major tuff ring
deposits.

. The regional implications are that an extra silicic caldera is present in the south Lake District and that the succe
of ignimbrite eruption, probable caldera collapse, aqueous inundation, and sedimentary infill (as seen in the Sc
caldera), is repeated here by the eruption of thegmoorrell, Lag Bank and Low Water Formation ignimbrites,
followed by subsidence and sedimentary infill in the form of Tiiberthwaite Formation [Brown, 2001]. The
Langdale Caldera itinerary covers this topic.



Stratigraphy of the Seathwaite Fell Formation and
surrounding units (after Millward et al. 2000)
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Revised stratigraphy of the Seathwaite Fell
Formation and surrounding units (after Brown 2001)
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Geological Map Side Pike to Lingmoor Fell
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Original mapping by M J
Branney and E Johnson.
Lithostratigraphy has been
reassigned following the work o
Brown [2001]. In this area the
Side Pike Member is largely a
single stronglywelded

ignimbrite sheet. Some faults
are extrapolated beneath drift
cover.
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Comparison of stratigraphic interpretations of the Side Pike area
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Figure 15, Map and true scale cross section of west Lingmoor Fell, to show thickness changes across formerly eastward-downthrowing volca-
notectonic faults, which were reactivated to downthrow in the opposite direction (westward). Note the change in thickness of lacustrine sediments
(between A and B) and of ignimbrite (between C and D), and the steep fabrics at two of the faults that record hot deformation of ignimbrite.

Map on the left is from: Branney, M.J. akdkelaarB.P. 1994/olcanotectonidaulting, softstate deformation and
rheomorphismof tuffs during development of a piecemeal caldera, English Lake District. Geol. Soc. Am. Bull., 109,
507¢530. The stratigraphic key for this original version is amended on the next slide.



Cross Section-X from the Side Pike geological map of
Branney &okelaal1994]
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This cross section is from Branney, M.J. KokelaarB.P.
[1994,Volcanotectonidaulting, softstate deformation and
rheomorphismof tuffs during development of a piecemea
caldera, English Lake District. Geol. Soc. Am. Bull., 109,
507¢530] and shows the stratigraphy prior to the
reassessment by Brown [2001]. The latest interpretation
shown in red on the stratigraphic column.



Base map from Ordnance Survey OpenData. Kilometre grid.

LOCALITY MAP

Start atS



S onthe locality map is the Starting Reference Point NY 28876 05336

Here limited exposures of accretionary lapilli tuff have been recognised by Brown [2001
being part of theGlaramaraluff. On its own this locality is not distinctive but having
recognised the pairing of the Black Wall aBldramaradzy’ A G & | G [ 2y 3BlistoN.
[Brown 2001] it was possible to place t@#aramaran its correct stratigraphic position on
Side Pike itself. This led to a cascade effect involving major changes to correlations ant
mapping along the southern edge of the Borrowdabécanics

A feature of the
locality is that several
of the layers are rich in
accretionarylapilli rim
fragments showing
that they were hard

@ and brittle when in the
R pyroclastic current.

TheGlaramaraluff

represents one of the

largest tuff rings ever

" recorded.

¢ The larger accretionary

s |apilli in the photo are
#! almost one cm long.
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Locality 1 de Pike MembelLingmoorfell Formation.
The association of this crobgdded lapilli tuff and the overlying welded ignimbrite shows that this is a
primary pyroclastic rock. Structures of this style are produced by low density pyroclastic currents.
Localities 15 are within a single ignimbrite cooling unit which was originally thought to be part of the S
Pike Complex but now has been shown to be one of four units within a member limidp@oorFell

Formation.




Locality 2 NY 2902 0516. A not very photogenic breccia ignimbrite sheet.
Fragmentation has been attributed to steam explosions that possibly were fuelled by wat
from the surface that the pyroclastic current moved ogevaturated ground/small
lakes/streams. This is the Valley of Ten Thousand Smokes scenario.




Locality 3 NY 2898 0520
This and the next three slides
show variations in the degree
of welding within the
ignimbrite sheet. In this case
the fiamme|[flattened pieces
of pumice] stand proud of
the surface probably as a
result of hydrothermal
alteration.
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Strongly welded Side Pike ignimbrite.




Locality 4 NY 2899 0528
Intensely welded ignimbrite many of thefiammeare 34 cm long. The light specks are
feldspars.




[lithic] fragment of thepnetion
Photo 14 cm wide.
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Locality 5 NY 2903 0528 accretionary lapilli tuff at the top of the ignimbrite sheet.
Again by association this thin deposit probably was related to the pyroclastic current that
emplaced the ignimbrite. The dust and ash in Phoenix clouds above pyroclastic current
eventually settles out to form a eignimbrite airfall layer. The accretionary lapilli areb4
mm long.




Locality 5SNY 2903 0528ingmoorFell Formation [Side Pike Member]

Immediately overlying the ignimbrite sheet is more crosslded lapilli tuff interpreted as
having been deposited by a ledensity pyroclastic current, and hence it is an ignimbrite.




Locality 6 NY 29061 05260ilberthwaiteFormation.

The first evidence on the traverse for the seéidimentary deformation which was used to
support the megabreccia/chaos interpretation for the Side Pike Complex. A block of bec
volcaniclastics several metres in size is surrounded by mobilised gisgaleehomogenised
clastics However, this locality is in thiglberthwaiteFormation and the intensity of the
deformation is not exceptional for bedded sequences in the Borrowdallsanics




Locality 6 NY 29061 05260
TilberthwaiteFormation

Close to the previous exposure,
vertical bedding which was believed fc
be evidence of the disruption
generated during the formation of the
Side Pike Complex chaos. It is now
placed in theTilberthwaiteFormation.




BetweenLocalities 6 & 7 more evidence of mobilisation of gra
volcaniclastics in the form afhjectitesin the TilberthwaiteFormation.
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Locality 7 NY 29049 0532%ilberthwaiteFormation
More vertical bedding striking towards the Langdale Pikes.




Locality 8 NY 29199 0535%winescaPike Tuff.

Abundant accretionary lapilli in th®ewinescaPike Tuff which was originally thought to be tBé&ramara
Tuff and was considered to be the first point in the Side Pike Complex where a piece of stratigraphy
be tied to the overall succession. It is now known that there is a similar lacustrine sedimentary pack
the Seathwaite-ell Formation, thdilberthwaiteFormation, which is much younger but which also has :
accretionarylapilli unit near its top contact very like tiglaramara



