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a b s t r a c t

The Ennerdale Granophyre occurs in the Latte 

District between Buttermere and Wasdale. It is a stocK 

shaped, composite intrusion which was emplaced at the close 

of the Caledonian earth movements. The country rocks of 

the granophyre are the Borrowdale Volcanic Series and the 

Skiddaw Slates.

The oldest rocks in the Ennerdale Granophyre 

are a series of dioritic rocks which have been largely 

metasomatised by the later granophyre magma into a series 

of granodioritic hybrids. E i g h t y  percent of the outcrop 

of the Ennerdale Granophyre is occupied by a fine grained 

granophyre, the Main Granophyre. The youngest rocks 

associated with the granophyre: are a series of fine 

aplitic microgranites and rhyolitic felsites.

Metamorphism by the granophyre has been very 

slight. The main changes in the Skiddaw Slates are a change 

in colour and an increase in hardness, but the slates in 

places in Ennerda.le have been soda—m e t a s o m a t i s e d .

Macroscopic changes in the Berrowdale /olcanic Series

are negligible, but there have been important mineralogicalL

changes within a n arrow aureole adjacent to the granophyre.
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I INTRODUCTION,

I. Geographical Location

The Ennerdale Granophyre occupies an area of 

approximately twenty square miles in the western Latte 

District. It lies within the area covered by the Ordnance 

Survey Six Inch Sheets NXOO/NE; NIOl/SE, NE; N U l / N w ,  HE,

SW, SE; NTIO/NW, NE, SW. The intrusion extends from 

Buttermere in the north to Wastwater in the south (Figures I.). 

The continuity of the outcrop of the granophyre is interrupted 

on the north side of Wasdale in the vicinity of Windsor Farm 

where incomplete erosion of the roof of the intrusion has 

left a thin skin of volcanic rocks covering the granophyre.

The granophyre has weathered into a group of smooth 

rounded hills of which the highest is Cawfell, 2200 feet 

high. These contrast sharply m t h  the crag covered central, 

fells of the Lake District which are made of rocks of the:? 

Borrowdale Volcanic Series. The major valleys of Ennerdale, 

Buttermere and Wasdale, which form the western part of the 

radial drainage of the Lake District, cross the area under 

discussion giving it a relief varying from 200 feet O.D. in 

Wasdale to 2750 feet O.D. on Great Scoat Fell.

The area to be described includes the whole of the 

outcrop of the Ennerdale Granophyre and its metamorphic 

aureole, a total area of approximately 40 square miles.

_2. The Geological Setting of the Ennerdale G r a n o p h y r e .

A great deal of work on the geology of the Lake District 

has been published. Mitchell (1956 a.) has given an excellent
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FIG. I - Location of the Enncrdolc Gronpphyrc in the Lokg District  .



summary of the present state of knowledge of the subject in 

his paper "The Geological history of the Lake District", and 

the reader is referred to this paper for a general description 

of the geology of the Lake District as a whole.

The following stratigraphical succession is firmly 

established in the Lake District:- 

N e w  Red Standstone

- Unconformity - 

Carboniferous System

- Unconformity - 

Silurian Slates 

Coniston Limestone Group

- Unconformity - 

Borrowdale Volcanic Series 

Skiddaw Slates

The lowest two members only of the above succession occur 

in the area under discussion. Their outcrops are shown on 

Figure 2 .

The local succession is as follows:-

Ordovician

Lower Andesites )
)

Mottled Tuffs )
Borrowdale Volcanic Series

L a t t e r b a r r o w  Sandstone )
)

Mosser Kirkstile Slates ) Skiddaw Slates
)

Loweswater Flags )

The structure of the Lake District was largely 

determined during the Caledonian orogeny when the region
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was subjected to compressive forces from the south-south- 

west and north-north-east. The Skiddaw Slates were folded 

into a complex anticlinorium w i t h  the major axis passing 

through Skiddaw south-westwards almost to Egremont (Fig. 2). 

The Skiddaw Slates of the area under discussion m ainly lie 

on the south-east flank of this major anticline. The 

Berrowdale Volcanic Series acted more competently than the 

Skiddaw Slates and were more gently folded. The junction 

of the Skiddaw Slates and the Borrowdale Volcanic Series in 

the Buttermere district is a low angled fault which has cut 

out several hundred feet of the basal members of the Volcanic 

Series. The present area is crossed by a number of high 

angled faults with the north or north-westerly trend 

cha,racteristic of Devonian faults elsewhere in the Lake 

District.

The Ennerdale Granophyre is a stock elongated in a 

north-south direction, which was intruded into the Skiddaw 

Slates and Borrowdale Volcanic Series after the end of the 

main Caledonian Fold Movements. The granophyre is cut by 

several of the high angled Devonian faults that cross the 

area. It belongs to a suite of late Caledonian acidic 

intrusions which includes the Eskdale, SKiddaw and Shap 

Granites (Bead, 1960, p.Q75j.

3. The General Geology of The ^nnerdaLe G r a n o p h y r e .

The Ennerdale Granophyre has an oval cross-section 

approximately nine miles long and four miles wide. Its
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outcrop covers an area/approximately twenty square miles. 

The shape of the granophyre outcrop is complex because its 

roof has not been completely removed by erosion.

The granophyre is a composite intrusion composed

of a suite of rocks which, although they are of different

compositions, are closely related petrogenetically. These

rocks vary from gabbroic to granitic in composition. The

following intrusive history of the granophyre has been

established during the present work.

vi. Minor Intrusions (mainly rhyolitic felsites)

v. Pegmatites and M e tasomatism of Skiddaw
Slates in Ennerdale

iv. Porphyritic Pine Grained Microgranite

iii. Main Granophyre

ii. Hybridization of Early Basic Rocks

i. Early Basic Rocks.

The early basic rocks are mainly diorites but a 

small mass of associated dolerite crops out in M e c k l i n  Wood 

in Wasdale. The main basic intrusion was probably a sill. 

The basic rocks have been extensively altered by hybridiz*- 

ation and metasomatism until the only unaltered basic rocks 

are now microdiorites in minor intrusions associated with 

the granophyre stock.

The hybridization of the basic rocks was probably 

caused by volatiles rising from the Main Granophyre magma. 

The major effects on the basic rocits during hybridization 

were an introduction of potash a,nd silica and a removal, of

4.



iron, magnesia, lime a.nd soda. The diorites were gradually 

changed to rocks of a granodioritic composition.

The Main Gra.nophyre occupies over eighty percent of 

the outcrop of the Gnnerdale Granophyre and is responsible 

for the stock form of the main intrusion. The Main Granophyre,' 

is very uniform in macroscopic characters, but varies in 

texture from a very fine granophyre in the core of the stock 

to a, microgranite beneath its roof.

Late minor acidic intrusions of two ages are associated 

with "the Ennerdale Granophyre. Several irregular masses of 

porphyritic fine grained microgranite and felsite occur in 

the Main Granophyre. The last intrusive phase was the 

emplacement of numerous rhyolitic felsite sills and dykes.

A few small pegmatitic veins fiom the granophyre crop 

out in Skiddaw Slates in Ennerdale. These veins are connected 

with the metasomatism of the Skiddaw Slates in this area.

There is a slight indication that the metasomatism and the 

pegmatites preceded the emplacement of the rhyolitic felsite 

i n t r u s i o n s .

The Ennerdale Granophyre intrudes and metamorphoses 

both the Skiddaw Slates and the Borrowdale Volcanic Series.

The metamorphic aureole in the Skiddaw Slates varies from 

a few yards wide to about three miles wide. The major 

changes in the slates are a change in colour from blue to 

green, an increase in their hardness and a loss of cleavage. 

Mineralogical changes are very minor, except in Ennerdale, 

where the slates have been subjected to soda matasomatism.



The effects of metamorphism on the Borrowdale Volcanic 

Series appear very slight in the field, but the mineralogy 

of the rocks has been changed. The greatest changes have 

been ii the ferromagnesian minerals, with pyroxene a.nd 

chlorite changing to biotite and amphibole in hornfels 

adjacent to the intrusion.

The position of the Ennerdale Granophyre stock has been 

governed to a certain extent by the structure of the area. The 

granophyre is intruded along the axis of a northerly anticline 

in the Borrowdale Volcanic Series. The EsJfcdale Granite to the 

south has been intruded along the axis of the same anticline 

and also along the Langdale anticline. The intrusions are 

believed to have been directed into the axes of the anticlines 

by the inclination of the folded base- of the Volcanic Series.

4.____Aims of the Present Research.

The work of the Geological Survey (Eastwood et aL, 1.931*; 

Trotter et a l , 1937), and the earlier work of RastallL (1906) 

suggested that the study of the geology and petrology of the 

Ennerdale Granophyre would be of great interest. The main 

Purpose of the present research was therefore to complete the 

detailed mapping of the Ennerdale Granophyre and determine its 

Petrological history.

The granophyre has not completely lost its roof and it 

V a s hoped that some mineralization associated with the granophyr 

«»ay be found in the remnants of the roof-.
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The metamorphic aureole of the granophyre was to be 

mapped and its petrography studied. The Borrowdale Volcanic 

Series east of the granophyre had not been mapped in detail.

It was hoped to map these rocks during the mapping of the 

raetamorphic aureole, with a view to correlating the volcanics 

▼est of the granophyre with those already mapped in the central 

fells to the east.



PART ONE: THE COUNTRY ROCKS OF Tud ENNERDALE GRANOPHYRE.

I. THE SKIDDAW SLATES

I . Introduction.

The following stratigraphical succession within the 

Skiddaw Slates was established by the Geological Sheets 28 and 

37. (Eastwood et a l , 1931; Trotter et a l , 1937):

L a t t e r b a r r o w  Sandstone 

Mosser Kirkstile Slates 

Blakefell Mudstone 

Loweswater Flags.

This succession has been subsequently modified by Rose 

(1954) whose work in the K e s w i c k  and Buttermere districts 

showed that the Blakefell Mudstone is not a true stratigraphical 

unit, but is the rock type of a distinct metamorphic aureole. 

Rose's ammended stratigraphical succession for the K e swick and 

Buttermere district is:-

thickne ss

Mosser Kirkstile Slates 2500 feet +

Loweswater Flags 4500 feet+

The Skiddaw Slates have been folded into a series of acute1 

folds trending in an east-north-east direction which make up 

"the Skiddaw anticlinorium (Figure 2). The Loweswater (flags 

are exposed in the cores of the anticlines and the Mosser 

Kirkstile Slates are exposed in the cores of the synclines.

These two divisions of the Skiddaw Slates therefore outcrop in 

al t e m a t i n g  belts which mark the fold axes (Rose 1954, p.404) .
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The Skiddaw Slates of the area under discussion occupy a 

broad synclinal area between the Skiddaw anticline to the north­

west and the keswick-Buttermere anticline to the east (Fig.3). 

These slates belong to the Mosser Kirkstile Slates, with the 

exception of the L a t t e r b a r r o w  Sandstone which outcrops west of 

the iinnerdale Granophyre between the Mosser kirkstile Slates 

and the Berrowdale Volcanic Series. The Loweswater Flags do 

not outcrop within the area except possibly in the Buttermere 

district.

2 . __The L oweswater Flags.

A . Field Relationships.

There is no massive development of areaacious beds in the> 

Skiddaw Slates adjacent to the .Snnerdale Granophyre comparable 

with the Loweswater Flags in their type locality. Minor sand­

stones however occur below Burtness Combe in Buttermere. A  line 

of small crags immediately south-east of Combe BecK. at 800 feet 

O.D. are formed of fine blue sandstones and bluish green sandy 

slates. The latter form the waterfalls in Combe Beck. The 

sandstones occur in beds up to six feet thick but their total 

thickness is not much over forty feet. They are not cleaved 

hut have been crumpled slightly and have a variable dip. There 

are some slumps in the sandstone which appear to be contempor­

aneous with deposition. The sandy development as a whole can 

he traced approximately 400 yards along the hillside and is 

entirely surrounded by cleaved slates.

These sandstones and associated slates may be transitional 

heds between the Loweswater Flags proper and the Mosser Kirkstile'



Slates, for the locality is close to the keswick-Buttermere 

anticlinal axis where Loweswater Flags would most likely occur.

S . Petrography.

(i) Specimen 225. Section E 9304.

Locality: 270 yards south-east on Combe Beck,

Buttermere, at approximately 800 feet 

O.D. G.R. 19411492.

Specimen 225 is a fine hard sandstone which may be taken 

as typical of the sandstones discussed above. The colour of 

"the rock is a dark greenish grey but there is a blueish tinge 

Produced by the vitreous lustre of the quartz grains. The rock 

is composed of abundant quartz grains approximately 0.25 mm. in 

diameter set in a green matrix. Numerous quartz veins cut the 

rock and pyrite crystals up to 0.5 mm. in diameter occur both 

in the rock and in the quartz grains.

The sandstone, in thin section, is seen to be well, sorted 

^ith quarts grains approximately 0.3mm. in diameter set in a 

chloritic matrix. The composition of the rock is roughly 

64% quartz grains and 36$ chloritic matrix which puts it in 

"khe Sub-Greywacke class of Pettijohns' classification. Except 

f or rare pellets of slate all the sand grains are of quartz, 

which is often strained and contains liquid inclusions containing 

gas bubbles. The quartz grains are in general well rounded but 

their margins are badly corroded, and where two grains are in 

c°uta,ct, solution of silica along the contact has led to complex 

suturing. The matrix is largely made of an almost isotropic, 

anemalous blue chlorite, most likely penninite, in flakes



approximately 0 .0 2  mm. in diameter, but up to 0 . 2  mm. in 

diameter. Accessory minerals in the matrix include sericite, 

rutile, leucoxene, haematite and zircon.

(ii) Specimen 304. Section E9921.

Locality: The base of the falls in Combe Beck in

Buttermere at approximately 650 feet O.D.

Specimen 304 is a massive pale greenish grey sandy mudstone 

from the sandy slates associated with the sandstones discussed 

a b o v e .

The rock in thin section is seen to be a very fine 

sandy mudstone with abundant quartz grains up to 0.03 mm. in 

diameter set in a matrix of sericite and chlorite. The quartz, 

grains a,re badly corroded around the margins. The sericite in 

the matrix is generally in minute flakes, but flakes up to

0.2 mm. in diameter do occur. The chlorite is practically 

all penninite with possibly a few flakes of clinochlore.

Opaque grains up to 0 .0 2 mm. in diameter, white in reflected 

light, which may be leucoxene or organic matter, are scattered 

in abundance through the matrix. Later minerals include 

calcite crystals up to 0 . 2  mm. diameter, occasional veins of 

quartz, and haematite staining along cracks. The latter is 

interesting as chlorite is particularly susceptible to the 

haematite staining which makes it closely resemble biotite in 

thin section.

3.. The Mosser kirkstile Slates.

A . Pield R e l a t i o n s h i p s .



The Skiddaw Slates, adjacent to the Ennerdale Granophyre, 

with possibly two exceptions, are all in the Mosser kirkstile 

Slates. The exceptions are a relatively small outcrop of 

L a t t e r b a r r o w  Sandstone in the south, and the outcrop described 

above, which is possibly of Loweswater Flags. The great extent 

of the Mosser Kirkstile outcrop can be explained by a study of 

the structure of the Skiddaw Slates. In the north is a broad 

syncline in which the Mosser kirkstile Slates are preserved 

between the Skiddaw anticline in the north-west and the Keswick- 

Buttermere anticline to the east. A minor anticline passes 

south-west across Herdus but it has not sufficient amplitude 

to expose the Loweswater Flags. All the anticlines other than 

the Skiddaw Anticline appear to end north of Ennerdale. The 

Skiddaw anticline is the only major fold identified south of 

Ennerdale and even it must have a reduced amplitude, because the 

Loweswater Flags are no longer exposed in its core. The only 

Skiddaw Slates exposed south of Ennerdale, except for the 

Latterbarrow Sandstone, are therefore Mosser kirkstile Slates. 

The apparent thickness of the Mosser Kirkstile Slates south of 

Ennerdale is 5500 f e e t + compared with 2500+ in the Keswick 

and Buttermere area. Unidentified faults or folds could 

apprediably affect this figure.

South of Ennerdale the Mosser kirkstile Slates young to 

"the south, and on the east-west line of hills extending from 

Lank liigg to Swarth Fell they are overlain by the L a t t e r b a r r o w  

Sandstone. Hollingworth, has deduced that the junction between 

"the Mosser kirkstile Slates and the L a t t e r b a r r o w  Sandstone is



a thrust over which the Latter b a r r o w  Sandstone has been 

carried northwards over the Mosser i-irkstile Slates for a miLet 

or more. (Trotter et a l , 1937, pp. 19-20).

West of the road from Calder Bridge over Cold Fell to 

^nnerdale the geology is now largely obscured by the Forestry 

Commission's Lowther Park Plantation. M a n y  relevant geological 

boundaries on Figure 3 have tbarefore been copied from the 

Geological Survey, N e w  Series, one inch, Geological Sheet 28.

The Latter b a r r o w  Sandstone abruptly dies out a few yards west 

of the Cold Fell road and in the Lowther Park Plantation the 

Mosser Kirkstile Slates are overlain by Mottled Tuffs of the 

Borrowdale Series, all junctions being faulted, (Eastwood et al., 

1931, pp. 16; 30). In the Buttermere district the junction 

between the Mosser i>.irkstile Slates and the Borrowdale Series 

is a low angled fault.

The Mosser kirkstile Slates are an extremely uniform 

series of blue laminated slates. The laminae, alternating in 

colour between dark and light blue, rarely exceed two or three 

millimetres in thickness. Differences in colour depend on the 

grain sizes of the laminae, the dark laminae are fine mudstones, 

the light laminae siltstones. In the silty laminae, especially 

when they are thicker than normal, examples of smalL scale false 

bedding may occasionally be found. Examples of this can be seen 

on the shore of Crumrnock Water at Nether How. The laminae; arej 

usually very regular and give the rock a distinct striped 

aP P e a r a n c e .



The lithology of the Mosser Kirkstile Slates is 

remarkably constant with very few variations from the type 

described above. Several beds of fine blue sandstones up to 

five inches thick, interbedded with blue laminated slate, 

crop out on Scale K nott on the south end of Mellbreak over­

looking Crummock Water. The sandstones are irapersistant and 

cannot be traced more than a few yards. Their dip of 40 degrees 

to south 40 degrees east is similar to the regional dip.

Isolated outcrops of similar sandstones in slate are common 

on the hillside above Scale Knott. It is unlikely that these 

sandstones are related to the Loweswater Flags for they outcrop 

near the centre of the Mosser Kirkstile s y n cline0

Silicious concretions are present in the slates but are 

rather rare. Specimen 306 from the slates below Burtness 

Combe (G.R. 176150) is three inches wide and seven inches long. 

The bedding planes of the surrounding slate pass through the 

concretion. The concretion must therefore have been formed 

by silic ification of the slate and not by deposition of primary 

silic a.
\

The slates occasionally become more massive and flaggy, 

as in L agget Beck near Nannycatch Gorge, but this may be due 

more to lack of cleavage than to a change in lithology.

A oeculiar variation of the Mosser Kirkstile Slates is a
i

r ock, conglomeratic in appearance, which is exposed just below 

the thrust separating the slates from the Borrowdale Volicanic 

Series north of High Crag near Buttermere. The conglomerate 

is made of sub-rounded isolated boulders of fine blue s a n d s t o n e



ut> to nine inches wide and three feet long in blue slate 

(Photo. 1.). It is probably a 'tectonic conglomerate' produced 

by the disruption of a bed of sandstone by the movement along 

the thrust plane above (Pettijohn, p .ZQl ).

Photo. 1. Tectonic Conglomerate, Buttermere.

Varying intensities of the cleavage affecting the 

slates, rather than actual variations in lithology are probably 

responsible for most of the minor variations within the Mosser 

Kirkstile Slates. Where there is no cleavage or the cleavage 

is parallel to the bedding, the rock splits easily along thee 

bedding laminae into flaggy slates. This is well seen in the 

quarry 120 yards north-west of the Buttermere post-office where 

the slate has been quarried for wall; stone.

Five hundred yards below the confluence of Whoap Beck 

and the River Calder paper shales are exposed in the north 

bank of the river. These are slates in which there has been

a development of micaceousr minerals between the individual



laminae, which have separated into the leaves of the paper 

shales. The bedding of the slates, revealed by the laminae, 

often appears very regular, but there are numerous exposures 

which show the contorted nature of the slates. The water worn 

slates on the shores of Crummock Water near Nether h o w  and 

below Mellbreak reveal good contorted bedding.

The Mosser kirkstile Slates are often badly altered 

and haematitized along fault lines. A smash belt passes from 

Near Thwaites south-westwards into Lowther Park plantation 

and the shales are smashed, puddled and haematitized along a 

belt 450 yards wide and over a mile long. The effects of faults 

are not usually so striking as in the Near Thwaites smash belt, 

but most of the gullies on the north slope of (irike are cut 

along similar haematitized smash belts.

B . Petrography.

(i) Specimen 18. Section K9220.

Locality: 100 yards south of Black Beck, and 300

yards north-east of Scale Force. (G.R.I482.
1722).

Specimen 18 is greenish-blue, non— 1 aminated, cleaved 

mudstone slate. Pyrite crystals up to four millimetres in 

diotneber do occur but are rare. The cleavage surfaces are 

iron stained.

The rock has a v e r y  uniform texture with numerous 

corroded quartz grains approximately 0 .0 2 mm. in d a m e t e r  in 

a matrix of sericite and chlorite. The sericite flakes, up 

to 0 . 1  mm. in diameter are alligned parallel to each other and
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largly obscure the quartz grains. Iron ore, apparently fresh 

in scattered through the rock in grains up to 0 .0 2 mm. in 

diameter. The slate is veined by chalcedony.

(ii) Specimen 303. Section E9613.

Locality: The east bank of Oxenstone Beck at about 

600 feet O.D. (G.R. 06381465).

Specimen 303 is a laminated slate with alternating dark 

blue mudstone and pale blue siltstone laminae. The laminae in 

the specimen are contorted and disrupted by small penicontempor- 

aneous slumps in the thicker siltstone laminae. The laminae 

average about one millimetre in thickness, but one slumped 

1 aminais over one centimetre thick.

The silty laminae are formed of quartz grains up to 

0*05 mm. in diameter set in a sericitic and chloritic baae.

The quartz grains tend to be rounded but they have been badly 

corroded. The sericite flakes may be up to 0.15 mm. long.

The dark blue laminate are much less rich in quartz grains. 

P®nninite occurs in veins, lenses and irregular patches tending 

to outline the disturbed bedding in the slate. Leucoxene in 

grains up to 0.3 mm. in diameter is common. There are several 

lenses up to 0 .1 mm. long, of spherical bodies 0 .0 1 mm. diameter. 

The spheres are isotropic, have high relief and are colourless 

except when iron stained. They are possibly spores.

A chemical analysis of this specimen is given in Table 3.



(iii) Specimen 260. Section £9505.

Locality: A small cliff behind Howside Farm,

Ennerdale (G.R. 09211667).

This is a specimen of a very fine black siliceous 

concretion in greenish blue slate. The bedding in the slates 

is parallel to the edge of the concretion and appears to pass 

through the concretion.

The concretion is a mosaic of quartz and penninite. The 

grain size of the mosaic is approximately 0.5 mm. diameter but 

it becomes quite coarse in places with quartz crystals up to 

0*6 mm. diameter and penninite flakes up to 0 . 2  mm. diameter.
*

Leufioxene is present in grains up to 0.02 mm. in diameter, but 

is not common.

The L a t t e r b a r r o w  Sandstone.

A . Field R e l a t i o n s h i p s .

The L a t t e r b s r r o w  Sandstone has been fully described by 

Hollingworth (Eastwood et a l , 1931, pp. 30, 36, 37; Trotter 

e_t a l , 1937, pp. 9-11, 19-20) and the following notes are 

largely derived from his descriptions.

The outcrop of the resistant L a tterbarrow Sandstone 

stands out as a line of hills extending from Lank Rigg westwards 

through Boathow and L a t t e r b a r r o w  to Swarth Fell. The sandstones 

are several hundred feet thick and their outcrop has been cut 

into fault blocks by a series of north-west to south-east faults. 

(■Pig. 3.). Eaei* hill now roughly corresponds to a fault block.

The relationships between the L a t t e r b a r r o w  Sandstone,



Mosser Kirkstile Slates and the Borrowdale Series are complex. 

The L a t terbarrow Sandstone has been carried a mile or more by 

a thrust that cuts out the upper part of the Mosser Kirkstile 

Slates on Lank ftigg. The Mottled Tuffs, the basal member of 

the Borrowdale Series, have been thrust northwards beneath the 

Latter b a r r o w  Sandstone. At the north-west end of Lowther Park 

the sandstone is cut out by a thrust and the Mottled luffs rest 

directly on the Mosser Kirkstile Slates. Half a mile to the 

west the Mottled Tuffs are also cut out a n d .andesitic lavas 

rest on the Mosser Kirkstile Slates. Hollingworth also noted 

that "The sandstone passes up into the basal tuffs of the 

Borrowdale Volcanic Series by the incoming of andesitic tuff 

and fragmental sandstone in the sandy matrix." The junction 

between the L a tterbarrow Sandstone and the Borrowdale Series 

must therefore be conformable when undisturbed.

The L a tterbarrow Sandstone is a well bedded, massive,

coarse sandstone. Its colour is a greenish grey when fresh

hut is often yellow or red because of iron staining. Pebble

bands, with rounded quartz pebbles up to half an inch in
in

diameter, are common/the sandstone, especially on Latterbarrow. 

The sandstone has no intercal-ations of slate throughout its 

whole thickness. Occasional beds of sandstone up to eight feet 

thick occur but the thickness of the beds is usually between 

two and four feet. The abundant blocks of sandstone scattered 

over the outcrops and forming scree slopes testify to the ease



with which the L a t t e r b a r r o w  Sandstone breaks up with weathering. 

Individual beds of the sandstone can often be traced several 

hundred yards as small scars or lines of scree. This is well, 

seen on L a t terbarrow where parallel lines of scree, marking 

different beds of sandstone, climb up its north flank from the:- 

Calder (Photo. 2).

Photo. 2: L a t t e r b a r r o w  and the river Calder.

- . Petrography.

(i) Specimen 208. Sedtion J29302.

Locality: South side of L a n k  Bigg at 1300 feet O.D. 

(G.R. 09381100).

This specimen is a fine dark green siliceous sandstone 

sparcely sootted with pink felstic grains.

The rock is a well sorted sandstone with subrounded grains 

approximately 0.2mm. in diameter in a chloritic matrix. The



sand grains are mainly of quartz but there are also numerous 

grains of felsite and quartzLte. The grains are often corroded 

around their margins, and contacts between adjacent grains are 

usually sutured. The matrix consists of almost isotropic 

penninite with very fine grains of quartz, haematite, and 

zircon as acae/lory minerals.

( i i ) Specimen 223. Section 15' 9303.

The specimen is a coarse grained, badly sorted sandstone 

with grains from three millimetres to below 0.5 mm. in diameter. 

The grains appear to be well rounded and variegated. Quartz is 

abundant, pink f el si tic grains are common and darn: green grains 

of slate are less common. The pink felsitic grains stand out 

prominently in the dark green grey rock.

Section E3903 is similar in character to J59302. Well 

rounded sand grains up to 1.5 mm. in diameter are set in a 

chloritic base. The sand grains are mainly quartz but there 

are abundant felsite and quartzite grains and less common grains 

of fine sa-ndstone a,nd slate. The matrix is comoosed of penninitee 

with small amounts of haematite, sphene and small quartz grains. 

The composition of specimen 223 is roughly:-

Locality: South side of Lank Rigg at 1300 O.D. 

(G.R. 09381100).

Vein-Quartz
Quartzite
Sandstone

48 fo

Felsite 
SI ate
Chloritic Matrix

34^

18£



The sandstone is, therefore, a sub-greywacke under Pettijohn's 

classification.

5. The Blakefell Mudstone.

A .  Field Relations.

The Blakefell Mudstone was first named by Dixon, who 

recognized its metamorphic character but believed that it 

was distinct stratigraphic unit of the Skiddaw Slates (East­

wood et al, 1931, pp. 35). Rose ^1954) has shown that the 

Blakefell Mudstone outcrop transgresses the regional structure 

and is in fact the metamorphic aureole of a hidden intrusion. 

He describes the rock of the Blaxefell Mudstone as slate 

"significantly altered to a lighter coloured, hard, brittle 

rock, usually showing minute darker spots". Rose has traced 

the aureole from B arrow and C ausey Pike in the east, through 

Grasmoor, to Mellbreak and Blakefell.

North of ;]nnerdale-Water, a n arrow strip of unaltered 

.Mosser Kirkstile Slates is exposed along the line from Gill 

Beck to Floutern Tarn, separating altered slates within the 

innerdale Granophyre metamorphic aureole from a series of 

altered slates to the north iFig. 3). The junction between 

the unaltered slates of Gill BecK and the altered slates to 

the north can be traced from Howside in ^nnerdale, up Gill 

Beck, over Floutern Cop to Mellbreak. The altered slates 

which are pale greenish grey in colour, and in the llowside 

outcrop coarsely sootted, are most likely B1 a k e f e l L  M u d s t o n e s .



Hollingworth and Dixon ^Eastwood et al, 1931, pp. 25,29), 

believe that the hardened slates of iierdus, Crag Fell, Grike 

and Whoa.p belong to the Blakefell Mudstone. It is possible, 

however, that the hardening of these slates was caused by the 

Ennerdale Granophyre and not by the hidden intrusion responsible 

for the metamorphism of Blattefell Mudstones.

B _.___P etrog r a p h y .

(i) Specimen 259. Section hi 9504.

Locality: The cliff behind Howsfle Farm, finnerdale 

(G.R. 09201667).

Specimen 259 is a slightly hardened, bluish green, 

cleaved slate, in which are numerous scattered black spots, about 

one millimetre in diameter. A small contorted fold is visible 

as vague bedding lines that are darker than the rest of the 

specimen.

Microscopically, the rock is a fine slate with occasional 

quartz grains 0 .0 2 mm. in diameter set in a practically 

isotropic unresolved matrix. Sericite, in parallel flakes up 

to 0.5 mm. long is abundant. Much leucoxene in minute grains 

is scattered through the rock. The section is crossed by close 

packed cleavage lines coated by sericite and chlorite. The 

black, soots are oval shaped patches about 1 . 2  mm. long, in 

which the parallelism of the sericite and the cleavage lines 

are missing. The dark colour appears to be due to a concen­

tration of chlorite, but in most cases the fine sedimentary 

structure is unaltered.



The spots in specimen 259 are much coarser than the 

reported 0.2 mm. diameter spots of the B1akefelIt Mudstone 

(Eastwood et al 1931, pp. 38). They are, however, probably 

metamorphic in origin and associated with the Blanefell Mudstone 

metamorphism.



II. THE BORROW!)ALE VOLCANIC SERIES B E T 1) E'EN WASTWATER

AND B U T T E R M E R E .

I. Introduction

The area to be described occupies a belt of country 

between half a mile and two miles wide, immediately to the 

east of the Ennerdale Granophyre, (Pig. 4), extending from 

Buttermere in the north to Wastwater in the south.

This area, is almost entirely occupied by rocks of the 

B orrowdale Volcanic Series. Skiddaw Slates outcrop in the 

north in the Buttermere valley where they underlie the 

Borrowdale Volcanic Series. Two small isolated patches of 

lavas are found resting on Skiddaw Slates on Little Dodd 

(G.R. 149155) and Starling Dodd (G.R. 141158).

The structure of the area will be discussed in detail 

later in Chapter VII but a summary is given below. The major 

structural feature east of the Ennerdale Granophyre is the 

broad Sea fell syncline pitching to the east-north-east.

West of the granophyre the volcanics are more intensely folded 

with a westerly pitching syncline which closes near Windsor 

Farm in Wasdale (G.R. 121057), and two very steep tight folds 

further south trending east—north— eastwards along the floor of 

Wasdale. These two areas are s e p a r a t e d  by a northerly striking 

antiform along the axis of the Enaerdale Granophyre. Steeply 

inclined faults in the area have two major trends, north and 

north-west. The Borrowdale Volcanic Series and the Skiddaw
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Slates in the Buttermere district are separated by a low 

angled fault, probably a thrust. The trends of the faults 

and folds agree with the general pattern of Devonian faulting 

and folding elsewhere in the Lake District.

The Borrowdale Volcanic Series of the area under

discussion was first mapped on a six inch scale by Ward in the

early 1870's. Ward's structural mapping is accurate, but his

identification of rock types is unreliable, liocks marked on

his maps (Geological Survey, Six inch maps 69 and 74. Old Series)

as bedded ash are usually identified correctly, but "altered ash

and breccia" may be tuffs, andesites or dacites. Green (1917)

has reinterpreted Ward's maps of the northern part of the present

area and produced a map which is broadly correct, but inaccurate

in detail. He has subdivided the succession as shown below, but

his nomenclature is based on incorrect correlations.

Wrengill Andesites 

Middle Tuffs 

L o w e r  Andesites.

Later, G r e e n  (1919, Fig. 25) suggested that in ufasdale, the

Ennerdale Granophyre is intruded into the Lower Andesites and

that the Middle Tuffs are represented by a thin tuff band

running horizontally along the face of Middle Felli at about

500 feet O.D. The latter suggestion has proved to be incorrect.

The area to the nest of the Ennerdale Granophyre has been 

described by Hollingworth (Trotter et a l , 1937, pp. 21-39). 

frollingworth's work on the Borrowda,le Volcanic Series adjacent 

to the western edge of the granophyre north of WasdalA; has been



confirmed during the present work. Firman (1957) has 

described the area to the south of Wastwater, and Oliver (1,961) 

has described the Scafell area to the east. The present area 

is important because it lies between these three areas and 

enables correlations to be made between their successions.

_2. Stratigraphy.

A. Succession.

The following succession is fairly constant over the 

whole strip of country under discussion:-

Ennerdale Granophyre,

D D D

G v G . Tv?'

Dacite Group

Andesite Group: with 
interbedded tuffs, 
notably the G r e y  Crag 
Tuffs (G.C.T.)

Thrust
Skiddaw Slates.

A small circular area of agglomerate occurs in the A n d e ­

site G r o u p  in Burtness Combe (G.R. 175146). This agglomerate 

Probably marks the site of a volcanic vent.

Local successions from the north, centre and south of the 

area are given on the next page.

B__Correlations.

The succession in the area under discussion rests directly 

°*i the Skiddaw Slates in the Buttermere district and may be 

correlated with the lower part of Firman's L o w e r  Andesites 

which also rest on Skiddaw Slates. A comparison of the



Seatallan Haycock High Stile
South North

Position of the present succession and the Birker Fell 

Andesite G r o u p  of Oliver (ibid, pp. 378) supports this cor­

relation. The present succession is updip from, and therefore 

stratigraphically below, the Birker Pell Andesite G r o u p  which 

are correlated with the upper part of the Lower Andesites.

H o l lingworth (ibid, pp. 24) correlates a thick develop- 

o
raent of rhy^Lites west of the Ennerdale Granophyre with Hartley1 

(1932) Langdale Rhyolites. The former rhyolites have been 

proved to be continuous with the Dacite Group of the present

area. This shows that the rhyoiites west of the granophyre 

are merely an intercal-ation in the L ower Andesites. They may 

Possibly be correlated with the Great Winscale fthyolite in the 

Lower Andesites south of the Esk. (Firman, ibid, pp. 41i).



The above correlations are summarized in the diagram 

belof:

Borrowdale Buttermere Gosforth Duddon
Oliver. Hollingworth Firman

A ir e y ’s B r id g e  G r o u p

B irk e r  Fell 
Arxjesite

H o n ii te r  Tuffs

A i r e y s  B r id g e  (aroup|: R ,v

D acite  Group

Andesite
G ro u p

^ r e y C r a g

S k id d a w
Slates

R h y o l i te iT  G r e a t
------------------- — • W hinscale

Rhyolile

Andes ites

L o w e r

Aodesite

G r o u p

C » A Detailed Description of the S u c c e s s i o n .

(j-) The -^ndesite G r o u p .

a. Field R e l a t i o n s h i p s .

The Andesite G roup occupies most of the area under discussion, 

( M g .  4). The group rests on the Skiddaw Slates in the Buttermere

3. istrict, but the junction here is a thrust pla.ne which cuts out 

over 1000 feet of the Andesite Group on the south side of High 

Stile. The Andesite G r o u p  is in contact with the Ennerdale 

Granophyre from Buttermere to Wasdale. Over much of this distance 

the strike of the volcanic rocks is parallel to that of the 

contact with the granophyre. The maximum thickness seen of the



Andesite Group is of the order of 3000 feet.

The Andesite Group consists of a. series of massive 

andesitic lava flows in which interbedded tuffs are subordinate. 

The tops of the lava flows are often visible as prominent 

bedding planes where the less resistant flow brecciated or 

vesicular surfaces of the flows have been picked out by 

erosion. Three such bedding planes, crossing Chapel Crags 

near Buttermere, separate lava flows which are each between 

100 and 120 feet thick.

Plow brecciation of the surfaces of the lavas is quite 

common and is well seen on the ridge between Red Pike and the 

top of Chapel Crags where the brecciated lavas closely resemble 

coarse agglomerates. This brecciation rarely affects more than 

the top few feet of a flow, but flow breccias stand out 

prominently from the normal fine-grained massive lava of the 

rest of the flows and appear more abundant than they really 

are. The bases of the lava flows are also occasionally 

brecciated. (Photo. 3). Vesicular and amygdaloidal surfaces 

of flows are not common except in lavas at the top of the 

Andesite Group.

The andesites between the G r e y  Crag Tuffs and the JJacite 

G r o u p  in the High Stile area are conspicuously feldsparphyric, 

amygdaloidal and flow brecciated. This horizon can be followed 

from High Stile southwards to Haycock, but is not found further 

south except possibly for a feldsparphyric andesite (E.10119)



from Cat Bields (G.R. 13150685). In the vicinity of Windygap 

Cove on the south side of Ennerdale, the horizon of these 

amygdaloidal feldsparphyric andesites still underlies the 

Dacite Group, but is separated from the Grey Crag x'uffs by about 

500 feet of more normal andesites.

Photo. 3. Plowbrecciated Base of Andesite Plow Over 
Bedded Tuffs.

The material infilling cracks in flow brecciated lavas is of 

variable comoosition. It is commonly v e r y  fine chilled lava 

(Photo. 3), but can be fine bedded tuff. In the amygdaloidal 

lavas at the top of the Andesite Group, the cracks are commonly 

filled with agate or chalcedonic silica. Amygdales are usually 

filled with quartz with accessory epidote and chlorite, but agate 

and chalcedony are occasionally found.



The majority of the andesites are definitely extrusive, 

but an intrusive andesite occurs in the G r e y  Crag Tuffs on 

High Stile (G.R. 167148). This andesite superficially looks 

like a normal lava flow about 20 feet thick, but it cuts across 

the bedding of the tuffs.

An interesting intrusive structure occurs at the top of 

a lava flow beneath bedded tuffs on Middle Fell (G.R. 152064).

A 'Flame' of l»va leaves the top of the flow and pierces the 

tuffs. Apart from this flame structure, whose origin is 

uncertain, the lava appears to be a normal extrusive lava.

The Andesite Group is notable for the rarity of tuffs 

interbedded with the lavas. Small lenses of bedded tuffs do 

occur, however, and become quite common on the lower slopes of 

Middle Fell in Wasdale. The tuff bands rarely exceed 20 feet in 

thickness and 200 yards in length. One exception is a tuff 

band on Long Crag in Wasdale (G.R. 152064) which reaches 100 feet 

in thickness and over 300 yards in length.

Tuffs reach their greatest development in this area with 

the Grey Crag Tuffs which occur near the top of the Andesite 

Group. These tuffs can be traced from the River L i z a  in Ennerdale 

for about two miles to Haycock where they abut against the haycock 

Fault. They form a bed about 600 feet thick which maintains a 

constant thickness over'jthis outcrop. Several andesite flows, 

usually between 20 and 50 feet thicK, occur in the tuffs, for 

example on Haycock. North of the Liza, in the High Stile area, 

the Grey Crag Tuffs divide into two beds, each approximately 250



feet thick. The upper bed forms Grey Crag in Burtness Combe 

and the lower bed forms Raven Crag in Ennerdale. A third bed 

of tuff about 100 feet thick, occurs between the first two on 

the west side of High Stile. Typical Grey Crag Tuffs are not 

found south of the Haycock fault, but a band up to 20 feet thick 

of very fine tuff occurs on Shooting liow on Seatallan (G.R.140088j 

at roughly the same horizon. This tuff band is equated with the' 

Grey Crag Tuffs which must have thinned v e r y  rapidly between 

Haycock and Seatallan.

The tuffs are usually well-bedded in an extremely regular 

manner, nhich gives cliffs made of the tuffs a prominent 

striped appearance, (Photo. 4).

Photo 4. G r e y  Crag Tuffs, Burtness Combe.



The tuffs often show graded bedding and occasionally 

current bedding. They can have rapid lateral variations in 

character, but usually maintain a constant lithology w er 

quite large distances. The regularity of the bedding in tuffs 

and the localized occurrence of many of the tuff lenses suggest 

that most of the tuffs were laid down in water.

b. Petrography

Lavas: In hand specimens the lavas are a uniform series 

of massive fine dark green rocks in which porphyritic elements 

are inconspicuous. Prismatic feldspar phenocrysts are quite 

common in many specimens but are small and rarely exceed two 

millimetres in length. Femic phenocrysts are less comman than 

the feldsnars and are usually smaller. Occasional, specimens with 

conspicuous femic phenocrysts can be found, for example, a 

specimen (E9932) from Burtness Combe (G.E.17321.464) contains 

numerous femic phenocrysts up to five millimetres in diameter.

Feldspars of the feldsparphyric andesites from the top of 

the Andesite Group occur as prisms up to 3 x 1 mm. in size in 

glomeroporphyritic groups up to one centimetre across. The groups 

of feldspar prisms often have the appearence of asterisks. These1 

andesites are full of amygdules which are often filled with 

quartz and epidote. The epidote is particularly abundant on 

High Stile where it has spread from the amygdules to the sur­

rounding rock (E.9927) colouring it a greenish y ellow in places.



Lavas exposed on the lower slopes of Middle Fell, from 

Greendale Grill to the mouth of Nether Beca, show some peculiaritie 

in the hand specimen for they resemble dacites in many respects. 

Many soecimens have a resinous lustre (£.10115) similar to that 

of the rocks of the Dacite Group. Feldsparphyric specimens 

are very common (E.10117) but the feldspar phenoc^rysts do not 

occur in asterisk forms as do the ones described above. A 

patchy pink matrix is also common in lavas over much of this 

area (E.10118)

These andesites are clearly of a much more acid character 

than the normal andesites of the Andesite Group. Their 

relatively acid character has been confirmed, for the ground 

masses of some specimens (E.10118) have been shown to contain 

potash when stained with sodium c o b a l t i n i t r i t e . The potash is 

not present in all specimens and is not abundant when present.

Under the microscope plagioclase phenofcrysts are usually 

euhedral or subhedral prismatic crystals, but in badly altered 

specimens the original form of the crystal may be lost. The 

composition^the plagioclase varies from A n ^  to A n ^ ,  but 

alteration of feldspar is so widespread that their composition 

cannot always be determined.

The original ferromagnesian mineral was probably a 

pyroxene which, in almost all cases has been replaced by chlorite 

or hornblende. In some specimens where the original prismatic 

form of the pyroxene has been maintained, the later mineral 

has replaced the pyroxene with crystallographic continuity.



The pyroxene phenocrysts in a soeciraen (E.10354) from 

Little Gowder Crag (G.R. 14031098) are quite fresh. This 

pyroxene is almost colourless with a yellowish or pinkish 

tinge and occurs in abundant euhedral and subhedral prisms 

up to 0.6 x 0.8 ram. in size. Simple and polysynthetic ally 

twinned crystals are common. The pyroxene is optically 

positive m t h  a 2 V of 57 +/- 1 degree and a maximum extinction 

angle zAc of 42 degrees which, together with its mode of 

occurrence suggest that it is augite.

The ground masses of the andesites are variable in 

composition and texture but are usually largely made up of 

alteration products. The major component is plagioclase in lath 

shaped crystals about 0 . 2  x 0 . 1  mm in size, but varying from 

0.1 x 0.01 to 0.6 x 0.3 mm. in size. The plagioclase occurs 

as a fine mosaic in badly altered rocks where the original 

laths have recrystallized. The plagioclase rarely retains any 

twinning because of the extensive alteration, but that of a 

few less altered soec imens \arie s in composition from A n ^  to 

A n 5 0 . The rest of the ground mass is composed of flakes of 

sericite and chlorite, shreds of hornblende, and grains of 

epidote, sphene and iron ore which occur either interstitially 

in a mesh of plagioclase laths or disseminated through a feldspar 

mosaic. The texture of the ground mass is often trachytic, for 

example specimen E10343 in which are myriads of paralliel 

feldspar laths about 0 . 1  x 0 .0 1 mm. in size.



The matrices of the feldsparphyric andesites have a 

more chaotic appearance than those of the normal andesites. The 

main constituent is plagioclase in prismatic crystals which vary 

from less than 0.1 to over 0.5 mm. in length in the same specimen 

(E9927). The interstices are mainly filled with chlorite and 

epidote. This matrix is disrupted by amygdules filled with 

quartz, chlorite and epidote. The epidote has spread from the:> 

amygdules and replaced part of the matrix and the feldspar 

p h e n o c r y s t s .

The relatively acidic lavas of Middle Fell described 

above resemble the lavas of the Dacite Group. They contain 

abundant plagioclase phenocrysts with a composition of 

approximately An^Q which are commonly sericitized and epidotized. 

Very rare fetaic phenocrysts occur as pseudomorphs in penninite. 

The ground masses are similar to those of the normal andesites 

except that quartz occasionally occurs. A distinctive accessory 

mineral is apatite in stumpy prisms up to 0 . 2  x  0 .1 ram. in size, 

often containing numerous orientated inclusions. Similar 

apatite crystals are found in lavas of the Daeite Group. The 

m atrix of a specimen (E.10113) from Long Crag (G.R. 15020658) 

is an extremely fine mosaic in which flow textures are preserved 

as trains of sericite swirling around phenocrysts. This matrix 

is probably a devitrified glass.

Three partial analyses of normal fine grained andesites 

from the Andesite Group are given below. Average compositions



of dacites, andesites and tholeiitic basalts (Nockolds, 1954, 

p.1007) are given for comparison.

Partial analyses of Andesites,

Silica
Percentage

55.4

52.1

50.3

Specimen

E 10340 

E 10350 

E 10121

by Claris.

Lo c ality

White Pike (G.R.15981491)

Deep Gill (G.R.14371145)

Worm Gill. West of the 
Ennerdale Granophyre. 
(G.R. 09310946).

Average Silica content of Dacites = 63.58$

Andesites = 54.20$

Tholeiitic Basalts - 50.83$

These analyses show that the normal andesites vary in 

composition from average andesites to basalts. The basic 

character of some of these andesites is also shown by the 

occurrence of labradorite in specimen E 9221 from Chapel Grags 

near Buttermere.

The relatively acidic andesites from Middle Pell are 

intermediate in character between normal andesites and dacites. 

They m ay be dacitic in composition but are considered here to 

be acid andesites.

Tuffs: Tuffs v a r y  from extremely fine flinty tuffs such 

as specimen E 10107 from Shooting H o w  on Seatdlan, to fairly 

coarse agglorneratic tuffs containing fragments over a centimetre 

in diameter. The larger fragments in the tuffs are often
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angular fragments of lavas similar to those of the Andesite 

Group, but smaller fragments about two millimetres in diameter 

have often ellipsoidal shapes. Occasionally the tuffs contain 

rounded pebbles of lava several centimetres in diameter which 

were volcanic bombs. They depressed the bedding planes of the 

tuffs beneath them by their impact and were then covered over 

by further settlement of ash.

Course tuffs frequently show graded bedding but the finer 

tuffs tend to be well sorted and homogenous. The general colour 

of the tuffs is dark green and when they lose their striped 

appearance they closely resemble fine andesitic lavas.

The finest tuffs are crystal tuffs with scattered fragments 

of euhedral crystals of plagioclass up to 0.4 mm. in diameter, 

set in a matrix of chlorite and sericite with accessory magnetite, 

sphene, leucoxene, epidote and quartz. 'Ghosts' composed of 

sericite, chlorite and occasional quartz show that the matrix 

in a specimen (E.8760) from Ennerdale (G.Ii. 16301288), originally 

contfined numerous lithic fragments squashed into lenses about 

2 x 1 mm. in sixe, which have been completely sericitized and 

chloritized. A crystal tuff (E.9925) from Chapel Crags (G.H. 

16531486) contains abundant fragments of partially altered 

plagioclase up to 0.5 mm. in diameter together with several 

fragments of a ferromagnesi an mineral set in a matrix of 

alteration products. The ferromagnesi an mineral has been 

pseudomorphed crystal for crystal by chlorite and hornblende.

Small stellate groups of amphibole fibres grow in the penninite



p s e u d o m o r p h s , but the larger crystals of hornblende appear to 

be independent of the chlorite.

The coarser tuffs are more lithic in character. In a 

specimen from the Grey Crag Tuffs at the foot of Eagle Crag 

the fragments reach 2 x 1  mm. in size. They are generally 

ellipsoidal in shape and are flattened parallel to the bedding.

Most of the fragments are of fine trachytic lavas containing 

abundant feldspar laths about 0.2 x 0.05mm. in size, set in a 

chloritic base, soeckled with hosts of granular aggregates of 

sphene about 0.02 mm. in diameter. The fragments are believed 

to be la.pilli of glassy lava. Besides these trachytic fragments 

there are numerous fragments of feldspar,quartz and quartzite.

The matrix is composed of chlorite and eoidote with sphene and 

granular feldspar.

Agglomerate: A semi-circular outcrop of agglomerate 

occurs in the Andesite G r o u p  in Burtness Combe. The semi-circular 

shape of this outcrop is caused by one end being removed by the 

fault at the base of the Borrowdale Volcanic Series. The 

original outcrop of the agglomerate was probably an oval about 

300 x 500 yards in size. The agglomerate is intrusive into the 

Andesite G r o u p  and probably occupies a small volcanic vent.

The relationships between the agglomerate and the surrounding 

lavas are variable. The andesites occasionally overlie the 

agglomerate but in most cases the contact is either step or 

the agglomerate veins the lavas.



The agglomerate is unsorted (Photo. 5) and composed 

of material which varies from a fine chloritic matrix to angular 

fragments of lava up to ten centimetres in diameter. The 

fragments in the agglomerate are composed of fine basic lavas 

similar to those in the Andesite Group.

Photo. 5. Vent Agglomerate. Burtness Combe.

(_ii)__The Dacite G r o u p .

a. Field Relationships

The Dacite Group overlies the Andesite Group over 

the full length of the present area. The base of the group 

can be followed with little breajt from Burtness Combe south­

wards through Haycock to Seatallan. The summit of Seatallan 

is formed of the Dacite G r o u p  which dips down the south-west 

ridge of the mountain to H o l l o w  Moor where it is continuous 

with a. series of rhyolites mapped by Hollingworth. The top
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of the Dacite Group is not seen in the area under discussion 

and the maximum thickness observed is of the order of 300 feet.

Hocks from some p?rts of the series of rhyolites west of 

the Ennerdale Granophyre, for example from the region around 

Guards in Wasdale (G.R.117051) are indistinguishable from those 

of the Dacite Group. Rhyolites, however, have not been found 

in the Dacite Group, therefore this acidic intercalation is 

more acidic in character in the west than in the east. This 

suggests that the source of the acidic lavas lay to the west 

of the Ennerdale Granophyre.

The Dacite Group consists of dacitic lavas with no 

interbedded tuffs and very few lava flows of any other com­

position. A thin feldsparphyric andesite flow outcrops on 

high rag (G.R. 176142) . Thedacites are massive very uniform 

lavas with no amygdaloidal or flow brecciated types being seen. 

This uniformity of the dacites makes it extremely difficult to 

separate individual flows.

The dacites weather to a pale buff colour and the 

relatively pale coloured cliffs of dacite, for example Blacit Crag 

(G.R. 162116), contrast sharply with the much darker cliffs of 

tuffs and andesites.

The Dacite Group is often separated from the Andesite 

G roup by a prominent bedding plaie. A broad ledge marking 

this plane traverses Burtness Crag in Burtness Combe from White 

Cove to Eagle Crag.



b .__P e t r o g r a p h y .

The dacites are very uniform in hand specimen. Abundant 

feldspar phenocrysts u p  to 3 x 1.5 mm. in size are set in an 

extremely fine, green or brown matrix. The feldspars appear 

as subhedral prisms usually greenish in colour but occasionally 

pure white. A freshly broken surface of a dacite is hackly 

and the brown or green matrix gives the surface a distinctive 

resinous lustre. In specimens stained with sodium cobaltinitrite 

the matrix and the pure white feldspars are seen to be rich in 

p o t a s h .

The dacites are also very uniform under the microscope.

They are conspicuously feldsparohyric with two types of feld­

spar nhenocrysts set in a very fine matrix. The most common 

phenocrysts are badly altered prisms of plagioclase, probably 

of oligoclase composition. Phenocrysts of a clear grey potash 

feldspar , often perthitic in appearance, are less common.

This feldspar is little sericitized, but often contains much 

e p i d o t e .

Ferromagnesian phenocrysts are not common, but occasionally 

occur ag scattered pseudomorohs of chlorite after pyroxene in 

euhedral orisms upto 1 x 0.5 mm. in size in glomerop-orphyritic 

groups (E10345). This pyroxene possibly changes into an 

amphibole before chlorite for the chlorite, which is optically 

continuous over the whole p s eudomorphs, appears to be replacing 

a fibrous mineral.



The matrices of specimens from the Burtness (. ombe area 

(E9930, ]9928J are composed of a fine quartzo-feldspathic 

mos-aic. This mosaic varies in grain size from 0.2 mm. in 

diameter in coarse grained areas to below the resolution of a 

microscope in fine grained areas. The coarse and fine grained 

areas of the matrix tend to be drawn out into 'veins' parallel: 

to the flow direction of the lava. The coarser parts of the 

matrix are more epidotized than the rest. Accessory minerals 

in the ground masses include iron ore up to 0.5 mm. in diameter 

changing to leucoxene, sphene and haematite, abundant granular 

aggregates of sphene about 0.01 mm. in diameter, and apatite in 

euhedral prisms up to 0.5 mm. long associated with the epidote, 

sericite and chlorite.

The matrices of other dacites tend to be similar to those 

just described, except that quartz is not so evident in many 

specimens. The matrices are then mosaics of anhedral feldspar 

grains up to 0.2 mm. in diameter with the usual accessory minerals 

The matrix of a specimen (E8674) from the south-west ridge of 

Seatallan (G.R. 12860662), consists of a mosaic of feldspar 

anhedra about 0.2 mm. in diameter full of needles 0.L  x 0*01 mm. 

in size. These needles have a low b i r e f r i n g e n c e , low relief and 

often grow across feldspar boundaries. Their composition is 

unknown, but they may be feldspars.

3Chree partial analyses of lavas from the Dacite Group are? 

given below. The average silica content of andesites, dacites,,



rhyodacites and rhyolites from Nockolds (ibid) are given for 

c orapari son.

Partial analyses of Dacites, by Clark.

Silica Specimen L o c a l i t y
P e r c e n t a g e .

66.3 E 10110 Near Greendale Tarn.
(G.R. 14400772)

65.3 E 9928 White Cove. Buttermere
(G.R. 17641424)

62.9 E 9930 G r e y  Crag. Buttermere
(G.R. 17081476)

Average silica content of Rhyolite a 73.66$

Rhyodacite - 66.27$

Dacite *» 63.58$

Andesite = 54.20$

These analyses show that the lavas of the Dacite G r o u p  vary 

from dacites to rhyodacites in composition. The affinities of 

these lavas with rhyolites is also suggested by the regular 

occurrence of much potash feldspar and free quartz in their 

matrices.



PART TtfO. THE ENNERDALE G R a NOPH!£RE.

I I I .  BASIC INTRUSIONS ASSOCIATED WITH THE ENNERDALE GRANOPHYiiE.

1. Introduction

Metasomatism and hybridization of the basic rocks of the 

Ennerdale Granophyre by the Main Granophyre have been so intense 

and widespread that there are n o w  no unaltered basic rocks 

within the Ennerdale Granophyre stock. The altered basic rocks 

within the stock will be discussed later in Chapter IV. Basic 

rocks unaffected by metasomatism and hybridization do occur in 

minor intrusions in the vicinity of the stock.

The most important of these minor basic intrusions 

occur in a complex of sills associated with a small laccolith 

on the Buttermere side of High Stile. This complex has been 

briefly described by Walter (1904, pp. 83-5) who called it the 

Intrusive Complex of Burtness Combe. A more detailed description 

of the complex has been given by Rastall (1906, pp. 261).

Numerous basic sills and dykes also outcrop on Bowness knott 

and Crag- Fell in Ennerdale, and an isolated basic dyke is found 

on Buckbarrow in Wasdale.

2 ___. Field Relationships.

A. The Burtness Combe Intrusive Complex.

The Burtness Combe Intrusive C o m p l e x  is exposed on the 

lower slopes of High Stile and High Crag, south of Buttermere Lake 

(Fig. 5). The country rocks of the comolex are Stiddaw Slates 

metamorphosed by the Ennerdale Granophyre.
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The largest intrusion of the complex is a concordant 

lensiform, diorite laccolith approximately 600 yards long 

and with a maximum thickness of 200 feet. The outcrop of 

the laccolith trends from north-west to south-east, dipping 

across the front of High Stile from 1750 feet in the north 

west to 900 feet in the south-east. The laccolith fingers 

out into four short sills at its south-east end (Photo. 6.) 

and abruptly thins to a sill about four feet thick at its 

north-west end. The latter sill can be traced, swelling in 

places, to 20 feet in thickness, for some 250 yards.

Photo. 6. Diorite Laccolith and Sill^s, Jurtness Combes.

The diorite of the laccolith shows a number of interesting 

variations in character, The sills given off from the laccolith 

are composed of a chilled, almost aohanitic, pale greenish-grey 

microdiorite speckled with numerous femic crystals. The diorite.' 

at the base of the laccolith is similar to that of the sills but 

is s. little coarser grained a.nd darker in colour. Above the



base of the laocolith the diorite becomes coarse grained, and 

very dark in appearance. It is very rich in f emic crystals 

about two mm. in diameter which give it a dark green colour.

The diorite gradudly becomes more leucocratic and ophitic in 

texture as the abundance of the femic crystals decreases towards 

the centre of the laccolith. The diorite of the upper part of 

the laccolith is characterized by an irregular development of 

pink fetyspathic patches. These patches are^rregular in shape 

and vary in size from clots less than a centimetre in diameter 

to patchy pink areas several centimetres across. The rock close 

to the upper contact of the laccolith is similar to the chilled 

diorite at the base, except that it is locally g a r n e t i f e r o u s . 

Garnetiferous dioritc has only been found at one locality 

(G.R.17781508) but is possibly the source of blocks of 

1garnetiferous diabase' found in Combe Beck, by talker 

(ibid. pp. 85).

Three parallel, f'low-banded felsite sills which belong 

to the last phase of the intrusion of the jinnerdale Granophyre 

cross the Burtness Complex. The lowest felsite sill cuts 

across the lowest microdiorite sill at the south-east end of 

the laccolith. The central felsite sill cuts diagonally across 

the laccolith, and over much of its course through the laccolith, 

passes through the zone in which the diorite is characterized 

by the irregular development of pink feldspathic patches. The 

contacts between the felsite sills and the diorite are quite 

sharp.



Numerous previously unrecorded basic sills in the vicinity

of the laccolith are believed to have been intruded with the 

laccolith. The sills are gently dipping, roughly concordant 

sheets composed of a uniform fine greenish-grey m i c r o d i o r i t e .

They usually do not exceed four feet in thickness and often 

cannot be traced for more than a few yards. One sill, approxi­

mately three feet thick, can, however, be followed for over 400 

yards from a point 300 feet below the west end of the laccolith 

(Gift.17621545) to a small crag .just above Burtness ttood (G.ft.1800- 

1539). The sill there joins three similar sills which can only 

be traced a few yards. A small but intricate complex of 

microdiorite sills is well exposed on L o w  Crag above the south­

east end of Buttermere Lake. (Photo. 7).

PHoto. 7. Microdiorite Sills. Burtness L o w  Crag.



B. The Iviinor Basic Intrusions of ^nnerdale and Wasdale.

The swarm of microdiorite intrusions in hlnnerdale is confined 

to the vicinity of Bowness K n o t t  and Crag Fell. The microdiorite 

of these intrusions is, in most cases, similar in appearance to 

that of the Burtness sills. Four vertical dykes between 16 inche 

and 7 feet in thickness on Bowness Knott, appear to have been 

injected along sub-parallel south-easterly trending joints in 

the Skiddaw Slates. A dyke five feet thick and striking at 

right-angles to these four dykes outcrops on the south face af 

Bowness K n o t t  at 1000 feet O.D. A small waterfall in Rake Beck 

at 900 feet O.D. falls over a vertical 16 feet thick basic dyke 

which strikes north-south. Sixty yards south of the waterfall 

in Rake Beck, a rather leucocratic sill outcrops. This sill is 

five feet thick and dips at 20 degrees to the south-south-east.

A orominent cliff which swings down the centre of the south face 

of Kerdus is formed by a 14 feet thick sill dioping north 35 

degrees west at approximately 40 degrees. Several small con­

cordant lenses of microdiorite occur on the west side of a small 

crag approximately 200 yards south of Bowness cottage.

A quartz microdiorite sill heads north-westwards from the 

right-angled bend in Rack Beck at 1000 feet O.D. The sill can be 

traced for some 60 yards gradually thickening to 15 feet, at 

which point it is cut by a vertical 15 feet thick felsite dyke

»
striking at 265 degrees. The sill then quickly thickens to 

approximately 45 feet and the microdiorite becomes much more 

leucocratic grading into a fine creamy felsite in the fiickest



part of the sill. After 20 yards the felsitic 'laccolith' 

thins again to a normal basic sill approximately six feet thick, 

which can be followed for 60 yards to the north-west.

The microdiorite dykes on Crag Fell vary in thickness 

from two to twenty feet, but none can be\traced for more than 

a hundred yards. Most of the dykes appear to be confined to 

the north and east sides of Crag Fell, but this may be due to 

the lack of exposure on the south and west flanks of Crag 

Fell rather than the lack of dykes. A basic dyke over four feet 

thick striking at 340 degrees, which probably belongs to the 

Crag Fell dykes, is exposed in the south bank of the Calder 

400 yards below its confluence with Whoap Beck (G.R. 08041288).

A i3ale greenish-grey microdiorite sill 25 feet thick is exposed 

in the summit crags of C r a g  Fell at 1500 feet O.D. (G.R. 0975L4tQ 

A microdiorite dyke is exposed on the south face of BucJiL- 

barrow in Wasdale (G.R. 13670388). The dyke is four feet thick, 

strikes approximately north 40 degrees west, and is intrusive 

into the Borrowdale Volcanic Series and the iinnerdale Granophyre. 

The rock of the 3nnerdale Granophyre on Buckbarrow is the Main 

Granophyre. The microdiorite dyke is crossed by a felsite dyke 

but the actual junction is partially obscured. The felsite dyke 

appears to pinch out on either side of the microdiorite dyke as 

if the microdiorite has acted as an obstruction to the passage;

0f the felsite during intrusion. This indicates that the

microdiorite dyke is younger tha,n the Main Granophyre, but is 

possibly older than the felsite dyke.



3 .___Petrogra ph.y.

A. The Burtness Combe Laccolith.

The sills given off from the laccolith are composed of a 

very fine grained pale greenish-grey roc*s., with scattered femic 

phenocrysts up to 1.5 mm. in diameter, 9200). The rock is badly 

altered with a fine matrix comoosed of calcic andesine, tremolite- 

actinolite, penninite and leucoxene. The andesine occurs as 

decayed laths approximately 0.3 mm. long and as anhedra up to 

0.1 mm. diameter, but is almost obscured by the tremolite 

ac ti-*noli t e , which occurs as a felt of shreds approximately 0.5 mm. 

long. Leucoxene is scattered through the rock in minute grains 

and in granular aggregates ud to 0.1 mm. in diameter. Ragged 

phenocrysts of tremolite actinolite up to 0.4 mm. in diameter 

are quite common.

A specimen taken from the base of the laccolith (E 9201)

is similar to the specimen just described but is a little coarser

and darker in colour. Tremolite actinolite is abundant in

2
ragged prisms up to 0.8 mm. long. Feldspar crystals up to 2 mm. 

in diameter have been paaidomor ohed by an almost isotropic 

mineral, possibly serpentine, with shreds of tremolite actinolite 

and a little recrystallized feldspar. The shreds of tremolite 

a.ctinolite in these pseudomorphs are orientated in Lines in 

three directions. These lines are possibly d o n g  original cleavage 

directions. The matrix of the specimen is probably a serpentine 

charged with epidote, leucoxene dust and shreds of tremolite 

Pc t i n o l i t e .



Diorite from approximately 50 feet above the base of the 

laccolith (E9202) is coarser and more basic in apoearance than 

the specimen from the base. Tremolite actinolite is present 

as recognizable pseudomorphs of pyroxene prisms up to 2 x 1 mm. 

in size with very occasional remnants of unaltered pyroxene, 

■probably nugite, preserved in their cores. The original ophitic 

texture of the rock ia partially preserved with pseudomorphs 

after pyroxene embayed by pseudomorphs after feldspar. The 

pseudomorphs after feldspar and the serpentineous matrix of 

section 39202 are similar to those of Section E 9201. The 

remanie ophitic texture clearly shows that the peculiar 

serpentineous pseudomorphs after feldspar really are after 

feldspar. The altered nature of the specimen mattes it difficult 

to make an accurate estimate of the abundance of the ferro- 

magnesian minerals, but a rough modal analysis suggests that 

they made up approximately 50 per cent of the original rock.

The replacement of the feldspars by ferromagnesian minerals 

will have appreciably increased this percentage.

The rock close to the centre of the laccolith (Specimen 

E 9203) is more leucocratic. Calcic andesine is present in 

fairly fresh prisms up to 3 mm. long but averaging 1.5 x 0.5 mm. 

in size. Tremolite actinolite occurs in pseudomorphs of prisms 

of pyroxene and the original ophitic texture of the rock is 

retained. The edges of the tremolite actinolite crystals are 

fibrous and ragged, and the amphibole fibres tend to grow into 

the feldspars. Pseudomorphs after skeletal crystals up to 

0.8 mm. in diameter of ilmenite intergrown with magnetite are



quite common. These pseudomorphs are now composed of leucoxene 

in which are set parallel rods of unaltered magnetite alligned 

in three different directions. These pseudomorphs are often 

rimmed by granular sphene. The matrix of the rock is serpen- 

tineous as in the previous specimens. A modal analysis of 

section E 9203 is as follows:-

Percentage <-

Feldspar (Andesine) 61

Ferr omagne si an Minerals 38

Iron Ore 1L

The rock of the upper part of the laccolith (E9204; E9295) 

is characterized by the presence of scattered irregular shaped 

pink patches, as noted above (pp. 48 ). The normal rock is 

similar to that of E 9203, but is slightly finer grained. The 

development of the pink patches, due to the influx of a diffuse 

pink felsitic material, has resulted in the breakdown of the 

ophitic texture of the rock. The ferromagnesian minerals 

forced out by this felsitic material are concentrated around 

the margins of a patch, or in clots near the centre of a patch. 

A little potash feldsoar can be shown in fine intergrowth with 

quartz in a few pink patches, when stained by sodium cobal- 

t i n i t r i t e .

In thin section, the normal rock (E. 9204) is very 

similar to E 9202 described above. The structure of the pink 

patch is seen in E 9295, where an influx of quartz and feldspar 

has driven out all the ferromagnesi an minerals and replaced 

much of the rock by a quartzo-feldspathic micropegmatite.



The feldspar of the micro pegmatite is probably andesine- 

oligoclase. M a n y  calcic andesine prisms from the original rock

remain embedded in the micropegmatite, unaltered except for 

slight corrosion along the edges. The rock around the zone 

of micropegmatite has been badly altered. The ferromagnesian 

minerals from the area now occupied by micropegmatite have 

recrystallized as a halo of penninite around the area. This 

penninite occupies all the interstitial spaces between the 

feldspar prisms of the rock, and small clots of penninite riddle 

the feldspars themselves. Large pseudomorphs of iron ore 

similar to those described in section E 9203 are quite common in 

the area pround the m i c r o p e g m a t i t e . .

The diorite close to the upper contact becomes finer and 

more basic and resembles the diorite at the base of the laccolith. 

It is locadly g ^ r n e t i f e r o u s . A specimen from the garnetiferous 

diorite (S 9296A & B.) is a dark greenish grey, medium grained 

rock veined by thin,quartz veins which appear to be feeders to a 

white patch-veining in the rock. Numerous yellowish pink 

spessartine garnets up to^ 0.5 mm. in diameter occur associated 

with the veining in the rock.

This snecimen has been completely altered. All the ferro- 

ma.gnesian minerals have been changed to penninite and the 

feldspar sericitized and recrystallized. A patchy development 

of quartz and feldspar in anhedral c r y s t a l s  up to 0.5 mm. in 

diameter is oresent in a matrix of penninite. A quartz, feldspar, 

pistacite vein crosses section E 9296A and numerous pink



spessartine garnets up to 0.4 mm. in diameter are concentrated 

along the margins of the vein. Their origin appears to be 

connected in some way with the veining.

The concentration of garnets relative to the vein has been 

determined by constructing a grid over the section, with the 

distance between the grid lines equal to the width of the low 

power field of v i e w  of a microscope. The microscope was centred 

on an intersection of grid lines and the number of garnets visible 

under low power were counted. The operation was repeated over the 

whole grid and the results below illustrate the great concentration 

of garnets along the margin of the vein.

Total garnets in 
each traverse.

- 0  - -  0 - - 1 - 0 - 0 - 0 ------ 1

17 45 10 15 14 15 11,6

1 3 li 17 11 8 41

0 0 0 0 7 39 46

0 11 0 22 0 0 42

Section E 9296 B. is similar to E 9296 A., but there is 

no definite veining. Numerous garnets occur, however, and many 

are clearly clustered around clots of feldspar. The majority of 

the garnets are rounded or sub-polygonal, very fresh and set in a 

chloritic base. The garnet appears to have been the latest 

mineral to develop. In most cases there appears to be no 

relationship between the chlorite and the garnets, but a few 

garnets have irregular outlines and appear to be replacing the
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interstitial chlorite.

3 The Other Minor Basic Intrusions.

The majority of the minor basic intrusions are composed 

of a fine, medium to dark greenish-grey, non-po r p h y r i t i c , 

microdiorite. A dyke on Crag Fell (G.R. 09951418) is composed 

of such a microdiorite in which are scattered euhedral white 

plagioclase phenocrysts up to 2. x 1.5 mm. in size. (E 9620).

The microdiorite of a dyke on the north-west face of Bowness 

Knott (G.R. 11201565) is coarser and darker in colour than 

normal (E 9297) A fine pale brownish grey siliceous m icrod­

iorite Wiich grades into a fefeite occurs in a laccolithic sill- 

near Rake Beck (See pp.50~l).

The normal microdiorites have a uniform appearance in thin 

section. Feldspar occurs as badly altered basic andesine laths 

approximately 0.7 mm. long and in anhedral grains. The andesine 

is extensively altered to sericite and epidote and rarely shows 

any albite twinning. The ferr onagnesian minerals present are 

chi'trite and tremolite actinolite. The chlorite, practically 

all penninite, varies in abundance from being an accessory to 

the amphibole (E 9293) to being the only ferromagnesian mineral 

oresent (E 8673). Tremolite actinolite is present in ragged 

crystals varying in size from 0.6 mm. in diameter to single 

tiny fibres. The larger amphibole crystals appear to be 

pseudomorphing an earlier mineral, orobably a pyroxene. Single' 

small tremolite actinolite fibres are disseminated throughout 

almost all sections studied. The matrix of the microdiorites
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is usually a, mosaic of anhedral feldspar crystals crowded with 

amphibole fibres, magnetite, ilmenite changing to leucoxene, 

sohene, calcite and epidote.

The porphyritic microdiorite from Crag Fell (E 9620) is 

identical with the above rocks except for the presence of 

scattered badly decayed feldsoar phenocrysts approximately 

1.5 x 0.5 mm. in size.

The microdiorite of the dyke on Buckbarrow in Wasdale is 

similar to the microdiorites described above, except that it is 

relatively fresh. Andesine occurs in subhedral laths up to 0.6 

mm. long and in untwinned crystals. i'itan augite is abundant in 

pale pink anhedral crystals approximately 0.2 mm. in diameter. 

Some of these crystals are acicular in shape and range up to 

1 x 0.2 mm. in size. Penninite, possibly after augite, occurs 

in interstitial masses as small flakes. Pistacite is common 

in crystals approximately 0.2 mm. in diameter and is often found 

in feldspar. Fresh iron ore occurs in branched rods up to

0.4 x 0.01 mm. in size. Sphene is abundant as crusts on the 

iron ore and as isolated anhedral grains disseminated throughout 

the rock. A modal analysis of specimen E 10397 gives the 

following composition:- Percentage

Andesine

Titanaugite

34.8

26.5

Chlorite 

Iron Ore 

Sphene 

Epidote

18.1

3.1

9.4

7.9

Total 99.8



The amount of sphene is surprisingly high but the 

significance of this is not known. Some has been derived from 

ilmenite, but the percentage of 9.4 appears to be far too high 

to be accounted for solely in this way. The quantity of andesine 

is lower than it would be in a fresh rock, for inclusions of 

epidote, sphene end chlorite have significantly affected the 

percentage of andesine in the analysis.

A specimen (E 9922) taken from a sill on L o w  Crag ah^ove 

the south-west end of Buttermere ( G .$.18601487), is a fine 

greenish-grey microdiorite in which scattered blebs of quartz 

up to 1 mm. in diameter are visible. This rock is largely 

comoosed of roughly parallel andesine laths up to 0.4 mm. long 

with occasional andesine phenocrysts up to 3 x 1.5 mm. in size.

The andesine is badly corroded and sericitized. The only 

ferromagnesian mineral present is interstitial penninite. Quartz 

is present in round grains of quartzite up to 1 mm. in diameter. 

The quartzite grains have in some cases been broxen up and 

partially digested by the microdiorite. It appears likely 

that some of the interstitial quartz that is present in the rock 

has been derived from the assimilation of the quartzite grains 

which have most likely come from a sandstone in the Skiddaw 

Slates. Quprtz microdiorite also occurs in a sill just above 

Burtness Wood (E. 9293). The basic parts of the ilaKe Beck 

laccolithic sill described above also consist of quartz microdior­

ite (E 9693). Quartz is common as interstitial grains up to 0.2 

mm. in diameter in the rock, which grades into a felsite as the



percentage of quartz increases and the percentage of ferromagnesi 

minerals decreases almost to zero. Sphene is common as 

poikilitic crystals up to 0.5 mm. in diameter. The sohene is 

of two generations with a core of brown sphene and an overgrowth 

of pale yellow sphene.

4. Age of the Minor Basic Intrusions.

Rasta.ll (ibid) believes that the basic tocks of the 

Burtness laccolith belong to the same phase of intrusion as the 

basic rocks within the Ennerdale Granophyre stock. Hollingworth 

(in Trotter et al 1931, p . 59) suggests that the minor basic 

intrusions of Bowness K n o t t  and Crag Fell belong to the suite 

of lamprophyric intrusions found elsewhere in the north of 

England and Scotland, and tentatively suggests that they are 

post-Triassic in age. The present work shows that Rastall is 

correct, and that the majority of the basic intrusions are of 

the same age as the basic rocks in the Ennerdale Gra.nophyre stock

There are numerous bp sic intrusions around the periphery

of the Ennerdale Granophyre but only one, the dyite on Bucj&barrow
o

in Wasdale, cuts t h e . grpr}/phyre. The lacK. of basic sills and 

dykes in the granophyre supports the conclusion that the main 

intrusion of the granophyre was later than the emplacement of 

the majority of the minor basic intrusions.

The original pyroxene of the basic intrusions has been 

altered by retrograde metamorphism to tremolite actinolite in 

every case except that of the Buckbarrow dyke, the only dyke 

proved to be later than the ^nnerdale Granophyre. This clearly
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suggests that the retrograde matamorphisra is a thermal effect 

of the Ennerdale Granophyre.

The basic dyke on Bucitbarrow cuts the Main Granophyre and, 

therefore, must be younger. There is an indication that it is 

older than the minor felsitic intrusions of the granophyre 

(pp. 5 1  ) . It is, therefore, probably that although the 

majority of the basic intrusions were emplaced during the first 

phase of intrusion of the Ennerdale Granophyre, some were 

emplaced during the last phase in association with the minor 

acidic intrusions.

5. Petrology.

A .  C l a s s i f i c a t i o n

Ward (1876, pp. 36) calls the tock of the Burtness 

laccolith a quartz diorite. Walker (ibid, pp. 83) and Rastall 

(ibid, pp. 263) both agree that the plagioclase in the rock is 

oligoclase-andesine, but Walker calls the rock a diabase, while 

Rastall calls it a dolerite . liollingworth (ibid pp. 58) classifies 

the rock of the minor basic intrusions of Crag, Fell and Bowness 

Knott as camptonites.

The normal rock of the Burtness laccolith is a diorite 

under J o h a n n s e n 1 s classification. The plagioclase of the rock 

contains between 5 and 50 per cent anorthite; quartz and potash 

feldspar are rare or absent, and the mafic minerals make up 

less than 50 per cent of the rock. The original ferromagnesian 

mineral of much of the diorite was a pyroxene, therefore, the



diorite wps originally a pyroxene dirite. The basic diorite 

trom just above the chilled base of the laccolith is a 

meladiorite for it contains more than 50 per cent mafic minerals.

The rocks of the other minor basic intrusions practically all 

fall in the field of medium grained rocks of Hatch, Wells and 

Well's classification. They are, therefore, microdiorites, 

or quartz-microdiorites if quartz is present. The dyke on 

B u c k b a r r o w  in Wasdale (E 10397) is composed of augite microdiorite. 

It is quite likely that many of the microdiorites in which the 

ferremagnesian mineral is n o w  tremolite actinolite, were 

originally pyroxene microdiorites.

B .  Differentiation of the Burtness L.aceolith.

The diorite of the laccolith of the Burtness Combe Complex 

shows a. number of variations in character which are the result 

of gravity differentation of the original dorite magma. The 

heavy mafic minerals are concentrated in a meladiorite above the 

base of the laccolith. As the laccolith is ascended the con­

centration of the mafic minerals decreases and the rocK becomes 

a normal ophitic diorite. In the upper part of the intrusion the 

djiorite is mottled with numerous patches of pink m i c r o p e g m a t i t e .

The diorites adjacent to the lower and upper contacts of the 

intrusion are similar in aopearance. They are the chilled edges 

of the laccolith and orobably have a composition close to that 

of the original magma.

ftastall (ibid, pp. 263) was the first person to note that 

the diorite at the edges of the laccolith is much more basic than



at the centre, attributed this difference to differentiation of 

the diorite magma. He gives the following partial analyses, 

together with two provided by Walker (ibid), to show this 

d i f f e r e n c e .

Percentage
Silica.

56.03

56.10 

56.16

Pink Spotted Hiorite

49.52

50.12
Basic Margin

(from Walker)

Rastall does not believe, however, that differentiation 

explains the origin of the pink patched rocks, which he wrongly 

believes to contain much orthoclase as well as quartz. Rastall 

suggests that the pink patches are derived from a second 

intrusion of acidic magma which was injected into the centre 

of the laccolith while the original diorite was still hot and 

partially molten.

It is now believed that all the phenomena seen in the 

Burtness Combe laccolith can be explained by the gravity 

differentiation of a single intrusion. The major argument 

against Rastall's theory of a second intrusion of an acit magma 

form the Ennerdale Granophyre is the paucity of potash feldspar 

in the pink patched rock. Potash feldspar is never found in the 

normal diorite and only rarely is it found in the pink patches.
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The felsitic material of the pink patches would be expected 

to be much richer in ootash felspar if it did come from the> 

g r a n o p h y r e .

The-5graph of Figure 6A shows the result of a vertical 

specific gravity traverse through the Burtness laccolith.

Soecific gravities are high in the more basic diorite of the 

lower part of the laccolith and low in the upper oart of the 

laccolith. The diorites adjacent to the contact of the laccolith 

have intermediate soecific gravities. This variation is Specific 

gravities is believed to be caused by heavy minerals, mainly 

pyroxene, sinking under gravity and becoming concentrated in 

the meladiorite near the base of the laccolith, while the 

intrusion was still molten. The chilled margins of the laccolith 

remained unaffected by the differentiation and ha„va specific 

gravities close to that of the original magma.

In an igneous body that has been differentiated under the 

influence of gravity the weight of minerals which sink into the 

lower part of the body must equal the losg ofreight from the 

upper part of the body. This will be shown on the graph of a 

specific gravity traverse by the area of the graph in which the 

specific gravity is above that of the original magma, being 

equal to the area in which the specific gravity is b elow that

of the original magma. The average specific gravity will equal;
i

the specific gravity of the original magma. In the case of a 

multiple intrusion with a second intrusion of acidic magma, the 

average specific gravity will be less than that of the original 

basic magma.
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Dashed lines show the 

maximum spread of the  
determined specific gravities,

S P E C IF IC  G R A V I T Y  T R A V E R S E S  across the D IO RITE  L A C C O L IT H

o f  th e  B U R T N E S S  C O M B E  IN T R U S IV E  C O M P L E X .



66.

The average specific gravity of the diorites in Figure 6 A, 

calculated from the form of the graph, closely agrees with the 

specific gravity of the original magma preserved as the chilled 

margins of the laccolith. The average specific gravity is well 

within the observed spread of values of the specific gravities of 

the chilled margins of diorites of the laccolith. This agreement 

between the average soecific gravity of diorites in Figure 6 A ,  and 

the specific gravity of the original magma strongly suggests that 

the variations within the laccolith are due to differentiation of

a. single intrusion.

A fel site sill coincides with both the centre of the pink

patched zone and the point of lowest specific gravity in the 

traverse. This suggests that the sill may be the source of the, 

felsitic material in the pink patches, and an important factor in 

the reduction of the specific gravities in the upper part of the 

laccolith. A second specific gravity t r a v e r s e (Figure 6 1), however, 

shows that the felsite sill is not important.

Figure 6 3  has the same major features as Figure 6 A, with 

high specific gravities in the lower half and high specific 

gravities in the upper half of the laccolith. This graph has not 

the perfect sigmoid shape of Figure 6k.. The felsite s'-ill no 

longer coincides with either the zone of pink patched rock or the 

lowest specific gravity on the graph. It may also be noted that 

much more potash feldspar would be expected in the micropegmatite 

if it were derived from the potash rich felsite sill. If the p i n k
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micropegmatite was derived from the felsite sill the average 

specific gravities of the traverses would be lower than the 

soecific gravity of the original magma, but this is not so.

It is believed that the removal of pyroxene by crystals 

settling from the original diorite magma led to the crystallization 

of a progressively more leucocratic diorite in the rest of the 

laccolith. The solidification of most of the diorite left a 

silica rich residuum which crystallized as the micropegmatite.

The residuum could apparently migrate through the diorite for 

it has become segregated in the pink patches and in many of the 

patches it has attacked and replaced the diorite which had 

already solidified.

The large amount of pink spotted diorite in the laccolith 

Suggests that the volume of siliceous residuum must have been 

considerable. This indicates that the original diorite magma 

may have been slightly over-saturated. The fact that many of 

the minor basic intrusionsqssociated with the Burtness laccolith 

are comoosed of quartz microdiorite supports this idea.



IV. THE HYBRID ROCK. 3.

1. Introduction.

The Ennerdale Granophyre is not as uniform in character 

as its name may suggest, for large outcrops of relatively basic 

rocks occur in several parts of the intrusion. The most important 

of these outcrops are in Ennerdale on Bowness unott, Crag Fell

 ̂ , • i _ ni 0„ rr Valiev. and in Wasdale in theand Latterbarrow, in the Bleng vaj.x«,y,

vicin i t y  of Mecklin Wood.

rocks are believed to be the remnantsThese masses ox Dasic 

of more extensive basic intrusions, or possibly of a single basic 

intrusion, which has been so extensively altered by metasomatism 

that no unaltered basic rocks n o w  occur in the Ennerdale Orano- 

phyre stock. This alteration has changed the basic rocks into a 

series of mixed rocks which vary in composition from slightly 

acidified dolerites almost to granites. The name -Hybrid' is 

used in this work to describe such a mixed rock, and does not 

necessarily imply an origin by magmatic g

f +hP rocks from which the hybrid rocks The composition of the roca.s>

. n The least metasomatised hybridhave been derived is uncertain.

rocks are ophitic delerites from Meckliu Wood, which suggests 

that the basic rocks were originally doleritic in composition.

There is good evidence, however, that most of the basic rocks 

were originally dioritic in composition (see pp.IOS-117 ).



2. Hybrid Rocks in Wasdale.

A . Field Relationships.,

(i) Mecklin Wood.

The major outcrop of the hybrid rocks in Wasdale occupies 

an area of approximately a quarter of a square mile in the extreme 

south-west corner of the Ennerdale Granophyre outcrop in the 

v i c inity of Mecklin Wood. The hybrid rocks of this area overlie 

the Mai n Granophyre and separate it from the Borrowdale Vdlcanic 

Series. Originally this mass of hybrid rocks extended further 

to the north-north-east and was connected with small outcrops 

of hybrid rocks near Strands in Jessie wood (G.R. 121041) and 

at Whitesyke (G.R. 121044). The Main Granophyre in the High 

Coppice area (Gfc. 120034), between the major hybrid outcrop and 

these minor ones is discoloured from the normal pink to a 

purplish colour. This discolouration is believed to have been 

caused by slight assimilation of the overlying basic rocks.

Prior to erosion the hybrid mass was a flat sheet, wedge 

shaped in plan, which narrowed from approximately two thirds of 

a mile wide near Mecklin .food to nothing at Whitesyke. The top 

of this sheet, which is coincident with the roof of the grano­

phyre stock, was flat lying, as can be seen from the structure 

contours of that surface (Map 2). The base of the hybrid mass . 

must also have been fairly flat lying to have discoloured such 

a large area of granophyre near Great Coppice. The hybrid sheet 

dipped gently t0 the south-west resulting in the preservation
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The large masses of hybrid rocks appear to be in the form 

of irregular flat lying lenses. Rastall (1906, pp. 255) has 

pointed out that their outcrops are associated with the edge 

of the granophyre. The original basic intrusions may have 

been sheet-like bodies intruded along a plane, now approximately 

represented by the roof of the granophyre stock. M(*rr (1900, 

pp. 475), was the first to note the presence of distinct 

masses of basic rocks associated with the Main Granophyre in 

the Snnerdale Granophyre stock. He suggested that the two 

rock types were derived by differentiation of one parental 

magma. Rastall (ibid.) gives a general description of the 

distribution and petrology of the basic rocKS and attributes 

their peculiar petrology to hybridization between an early basic 

intrusion and the later Main Granophyre. Hollingworth and 

Dixon (in Eastwood et al 1931, pp. 47) described the ooatcrop 

of hybrid rocks on Crag Fell and mentioned the occurrence of 

acicular rocks on Latterbarrow to the east, nollingworth 

(in Trotter et a l , 1937, pp. 41-7) later described in some 

ddta.il the mixed rocks along the western edge of the granophyre 

in the vicinity of the Bleng Valby. He believes that the 

mixed rocks have arisen from reaction between a fine grained 

doierite and the Main Granophyre, but he is uncertain whether

i -i .. , , hpf ore or after the intrusion of thethe reaction took place before ox

basic rocks.



of the south-west end of the sheet in the present outcrop 

around Mecklin Wood. The thickness of this sheet is uncertain 

but it probably did not exceed one or two hundred feet in most 

places. The thickness increased along the length of the sheet 

from zero near V/hitesyke to a maximum at Mecklin ^ood.

The main outcrop of hybrid rocks can be divided into three 

zones which are concentric about the south corner of the outcrop. 

The inner zone covers an area approximately 170 x 70 yards in 

size, which is occupied by apparently fresh, coarse o^hitic 

d o l e r i t e . This dolerite is best exposed in a small knoll 50 yards 

south-east of Mecklin Beck and 25 yards south-west of the south­

western edge of Mecklin Wood. Rastall (ibid., pp. 268) ha,s 

described an extremely coarse gabbro from this outcrop which 

contains crystals of augite and feldspar up to half an inch in 

diameter and crystals of ilmenite up to one inch in diameter.

The coarsest rock found during the present work contains crystals

up to three millimetres in diameter.

The dolerite is surrounded by a series of variable rocks 

which occupy a curved outcrop approximately 200 yards wide, 

stretching from the south end of High Coppice to the base of 

Shepherd Crags. The most common rock type is a fine grained 

resinous basic rock, greenish-grey in colour and much liner 

grained than the dolerites of the inner zone. The resinous 

lustre of the rock is due to the presence of quartz. The femic 

minerals frequently occur in small acicular crystals about one 

millimetre long. This acicular habit, which is characteristic



of the femic minerals elsewhere in the Snnerdale Granophyre, 

is particularly common in the High oppice area. Pink 

feldspathic patches and veins containing feldspar crystals about 

two millimetres in diameter are quite common. The veins are 

irregular in shape and distribution and have diffuse edges. The 

feldspar crystals seem to have grown in situ and are believed to 

be porphyroblasts of metasomatic origin. The fine basic rocks 

occasionally grade into granitic rocks as the abundance of 

quartz and feldspar increases. This is seen at the foot of 

L a t t e r b a r r o w  (G.R. 122029) where a fine grey rock grades into 

a medium coarse biotite granite. The basic rocks in places 

become coarser and then resemble the dolerites of the inner 

z o n e .

The outer zone of the hybrid rocks is the most extensive 

zone, occupying an area a.bout a quarter of a  mile wide which 

extends from High Coppice eastwards to Latterbarrow. This 

zone is composed of uniform, fine to medium grained, dark 

greenish grey rocks similar to the fine basic rocks of the 

intermediate zone. In the field these rocks are seldom 

obviously affected by metasomatism. They have been metasomatized 

by large scale introduction of silica and potash which has 

produced fine grained homogeneous rocks of typical igneous 

appe a r a n c e .

* The small outcrops in the vicinity of Strands have been 

mentioned above. The largest of these outcrops, about 200 yards 

across, occur in Jessie Wood and near Whitesyke Farm. Several 

smaller outcrops occur between these two, and one isolated



outcrop is found 600 yards north, 30 degrees east of Whitesyke.

These minor masses consist largely of fine basic granites, but 

more basic varieties similar to the rocks of the intermediate 

zone in the Mecklin Wood outcrop do occur, principally in Jessie 

Wood.

The field relationships between the three zones in the 

M e cklin Wood outcrop are uncertain. The outer zone differs 

from the intermediate zone only in its more homogeneous 

character. The feldspathic veins and the feldspar porphyroblasts 

in the intermediate zone have probably been formed in a late, 

localized phase of the more widespread homogeneous metasomatism. 

The coarse dolerites of the inner zone differ from the rest of 

the rocks in the Mecklin Wood area in their coarse grain and 

relative freedom from metasomatism. Their relationship to the 

intermediate zone is unknown as the contact between the two 

zones is not seen. The dolerite mass may be a coarse grained

core of the same intrusion as the fine hybrids, or it may be a

. ‘ i 
separate intrusion (see also pp.//3 ).

The contact between the hybrid rocks and the Borrowdale 

Volcanic Series is only exposed in a few places between Mecklin 

Beck and the base of Latterbarrow. In all cases the contact is 

a normal sharp intrusive contact. Four large roof pendants of 

volcanic rocks up to one hundred yards across occur in High 

Coppice and several masses of volcanic rocks enclosed in hybrid 

rocks, probably roof pendants, are also found at the foot of 

L a t t e r b a r r o w  (G.R. 124030).



The relationships between the Main Granophyre and the 

hybrid rocks are complex. The hybrids are extensively veined

*
vby acidic material derived from the Main Granophyre. These 

veins are clearly intrusive igneous veins (Pig. 7), usually 

composed of a medium coarse micro-granite. The granite is 

often rich in femic minerals, particularly bio'tite, derived from 

assimilation of hybrid rocks. This is well seen on a small, 

rochejmoutonnee 270 yards east 10 degrees north of Burnt House 

(G.R. 12150314). The contact between the hybrid rocks and the 

Main Granophyre is usually sharp but \ma.y be r g r a d a t i o n a l . Veining 

of the hybrids by the Main Granophyre becomes more intense as 

the contact is apnroached. Assimilation of the hybrid rocks by 

the granophyre is wide spread. Slight assimilation leads to 

a discolouration of the granophyre as seen in Great Coppice, but 

more extensive assimilation may lead to the formation of basified 

granites.

Large acidic intrusions in the hybrids are often composed 

of fine pink felsite, instead of granite as in the smaller veins. 

A felsite dyke about a foot thick trending south 20 degrees west, 

can be followed for 90 yards across the south end of High Coppice 

(G.R. 116028). A complex of intrusions below L a t t e r b a r r o w  

(G.R. 124030) suggests that the felsitic intrusions are later 

than the M a i n  Granophyre. The Borrowdale Vobanic Series have 

been intruded by a fine grained basic rock and the later 

intrusion of Main Granophyre has, in the main, followed the 

contact between the basic and the volcanic rocks. A later
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felsitic intrusion has followed the contact between the Main 

Granophyre and the basic rocks.

( ii) Minor Outeroos in Wasdale.

Several small outcrops of hybrid rocks occur in Wasdale, 

isolated from the main outcrop near Mecklin ffood. These minor 

outcrops all occur close to the roof of the granophyre, and 

appear to be connected in some way with that contact.

A line of four small outcrops of hybrid rocks enclosed in 

granophyre occurs approximately 20 feet below the contact with 

the Borrowdale Volcanic Series, on the south face of Buckbarrow. 

The largest of these (G.R. 13960594) is about 20 yards in diameter. 

The hybrid rocks are medium grained, purplish in colour, rich in 

quartz and ferromagnesi an minerals, and resemble rocks found in 

the Mecklin Wood outcrop, They are veined by the enclosing 

granophyre which, in some cases, has broken the mass of hybrid 

rooks into angular xenoliths.

Hybrid rocks are also found at the east end of the Windsor 

Farm granophyre outcrop (G.R. 127058), where an area of slabs 

50 yards across is exposed. The slabs are largely made up of 

normal pink granophyre which encloses irregular patches of a 

fine grey m i c r o g r a n i t e . The granophyre and the microgranite 

are both cut by very fine pink microgranite in irregular veins.

A more basic rock occurs nearby (G. R. 12730580) in a small patch 

which has almost been broken into xenoliths by extensive granophyre 

veining. The basic rock is purplish pink, medium grained, and 

contains numerous acicular feinic crystals.



It is unlikely that these masses of hybrid rocks have 

been derived from volcanic rocks, although they are associated 

with the contact with the Berrowdale Volcanic Serfes. There is 

no evidence anywhere along the contact of reaction between 

the granophyre and volcanic rocks. It is doubtful whether the 

granophyre could half digest a mass of volcanic lava twenty 

yards across and not affect lavas only twenty feet away. It is, 

therefore, considered that these hybrid rocks are similar to 

those of Mecklin Wood, in that they represent original basic 

rocks thftt have been acidified.

The Main Granophyre in an irregular area between Woodhow 

(G.R. 140042) and Ashness H o w  (G.R. 136045) has been discoloured 

from pink to purple. This discolouration is believed to have 

been caused by the volcanic rocks above and not by the absorp­

tion of hybrid rocks, as in the case of the h i g h  Coppice area. 

The nearest hybrid rocks are at Whitesyke, a mile to the west, 

while volcanic lavas are exposed just behind oodhow. This 

discolouration may be due to slight absorption of lavas or some 

other contact effect.

B. Petrography.

The rocks from the inner zone of the M e cklin Wood outcrop 

appear to be normal coarse ophitic dolerites in hand specimens. 

One specimen (E 8743) from close to the boundary wall of MeckLin 

Wood 50 yards south of Mecklin Beck contains irregular patch- 

veins of coarse grained white feldspar and quartz which look 

like pegmatitic segregations.



The ophitic texture of the dolerites with euhedral white 

feldspar prisms up to 3.5 x 1.5 mm. in size intergrown with 

mafic minerals, is well seen in polished specimens. Staining 

with sodium cobaltinitrite has shown that the dolerites contain 

variable a,mounts of potash. A specimen (E 8742) from the centre? 

of the dolerite mass (G.R. 11830253) contains a little potash 

irregularly distributed through the specimen, occurring as 

small patches on the edges of feldspar crystals, or more rarely 

in their cores. Potash is more abundant in E 8743, but is most 

abundant in specimen E8740, taken from about ten feet away from 

E8742. Almost every feldspar crystal contains abundant potash 

but the distribution of this potash is not uniform through each 

crystal. Most crystals have a rim of pure plagioclase with a 

potash rich core, a few have a potash rich rim and some have 

concentric zones of potash rich and potash poor feldspar.

Under the microscope the dolerites are altered, but their

ophitic texture is generally well preserved (Photo. 8). The 

a
plagiocl/se feldspars are extensively altered to sericite, epidote 

and chlorite, but their rims are often recrystallized to a clear 

feldsoar, free of alteration products. This has led to euhedral 

crystals of plagioclase with a thin rim of clear feldspar and a 

completely altered core. ifith more intense alteration the feld­

spar prisms tend to lose their euhedral outlines and fuse into 

each other as sericitic masses. B y  comparison with the stained 

specimens the crystals with sericitized cores and clear rims may 

be equated with the crystals in E8740 with plagioclase rims and



potash rich cores. This would lead to supposition that the 

sericite is the source of the potash, but this cannot be true, 

for the most sericitized feldspars occur in £8742 which contains 

least potash. The potash must occur in the a l t e r e d 'feldspar in 

which the sericite is set. The composition of the original 

plagioclase is difficult to determine because of its alteration. 

The maximum extinction angle of one specimen suggests a compositi 

of An,-^ but the true composition may be more calcic than this.

Photo. 8. Ophitic Gabbro. M e cklin W o o d .

The original ferromagnesian mineral of the dolerites was 

augite which occurred in crystals up to 3 mm. in diameter in 

ophitic relationship with the plagioclase prisms. The augite 

has been largely altered to amphibole but is still reasonably 

fresh in specimen E 8740. The alteration to amphibole begins 

along the cleavage planes and edges of the pyroxene crystals 

and progresses with the development of amphibole in a seive 

texture in the body of the pyroxene. The amphibole finally 

pseudomorphs the pyroxene, often with crystallographic continuity.

Remnants of 
Pyroxene in Secondaf 
Amphibole

X 6 5

Feldspar



There are two types of amphibole present, which have been 

t entively identified as hornblende and tremolite. The hornblende 

occurs in large crystals replacing the augite crystal for crystal 

while the tremolite occurs in masses of fibres about 0.2 mm. 

long. The tremolite is colourless with interference colours up 

to middle second order and resembles sericite, when en masse.

The hornblende is pleochroic from pale yellowish green to deep 

blue-green, has lower birefringence and slightly higher relief 

than the tremolite, but has a similar extinction angle cAz,

of approximstely 20 degrees.

The amphibole is occasionally altered to reddish brown 

biotite, particularly when in association with iron ore. Alter­

ation of amphibole to chlorite is very common. The chlorite is 

usually green penninite with bright blue anomalous interference 

colours, but is occasionally almost colourless with grey inter­

ference colours. A pale green isotropic interstitial mineral 

is quite common in E  8740. This mineral is finely fibrous and

may be a serpentine.

The perfection of the preservation of the ophitic texture

of the dolerite is reduced as the specimens become more altered. 

The pyroxene is entirely altered to amphibole and the amphibole 

crystals shown signs of regrowth, often penetrating the feldspar 

pri s m s .

Iron ore occurs in v e r y  fresh skeletal crystals about one 

millimetre in diameter which are often covered by a thin skin of 

sphene. Sphene is characteristically associated with the iron



ore, but also occurs separately in crystals about 0.1 mm. in 

diameter associated with sericite in altered feldspar. Zircons, 

in square crystals about 0.05 mm. in diameter, occur in the 

centres of pleochroic halos in amphiboles and chlorite in 

Specimen E8743.

Quartz occurs in Specimen E 8743 in irregular poikilitic 

crystals over 1.5 mm. in diameter, in interstitial crystals 

between subhedral feldspar prisms and in micrographic inter­

growth with the feldspars. It appears to be replacing the 

original interstitial minerals.

Modal analyses of ihree dolerites are given b e l o w : ~

Snecimen E 8740 E8742 E 8743

QUARTZ 4

POTASH FELDSPAR 20 3 52

PLAGIOCIASE 42 47

FERROMAGNESIAN 33 45 42
MINERALS

IRON ORE 5 5 2

These analyses take no account of sericite and epidote which 

are assumed to be alteration products of the feldspars and are 

included with the feldspars. Sphene is included with the iron 

ore. The percentage of potash feldspar has been calculated 

from point counts of stained polished rock slabs and probably 

includes much m i c r o p e r t h i t e .

The rocKS of the intermediate zone of the Mecklin Wood 

outcrop are variable in character. A specimen (E 8739) from a

crag on the wall at the south-east end of High Coppice (G.R.



11690275) is a medium grained, equigranular rocK. of greenish- 

grey colour in which occur occasional vein-like lenses, up to 

3 x 1  centimetres in size, of quartz and feldspar. The main 

rock is composed of pale green feldspar prisms about one 

millimetre long;, and dark green femic crystals. Potash feld­

spar is common in the feldspar prisms in the rock, in over­

growths on euhedral plagioclase prisms up to 2 x 1  mm. in size 

in the lenses, and as an interstitial mineral.

A medium coarse, very dark green rock containing a patchy 

development of abundant bright pink feldspar and quartz 

(specimen E 8738) is exposed on a roche moutonnee approximately 

thirty yards above the Santon Bridge road (G.R. 11820280). The 

base rock contains numerous euhedral plagioclase prisms 1.5 mm. 

long with interstitial femic minerals. The pink felspar occurs 

in crystals uo to three millimetres in diameter associated with 

quartz in patches up to six millimetres in diameter. Potash 

feldspar is very common in interstitial micropegmatite, and as a 

delicate spotted growth in the pink feldspars, but is less 

common in the normal rock, where it occurs e*-s an interstitial 

mineral .

In thin section the two specimens just described are very 

similar in appearance. The plagioclase prisms are badly altered 

to sericite and epidote and little of their albite twinning is 

preserved. The maximum extinction angle of the plagioclase is 

19 degrees, pnd its refractive index is less than that of quartz,

suggesting that its composition is albite An It is believed,
■i- •
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however, that the refractive index of the plagioclase crystals 

ma y  have been reduced by introduction of potash round their
*

margins, nnd is anomolous. Their original composition was 

probably andesine An^.y .

The plagioclase in the lenses in E8739 has probably been 

formed at two different periods. Most of the plagioclase.' 

crystals are residuals from the original rock and are now decayed, 

overgrown with microperthite and set in a matrix of quartz and 

m i c r o p e r t h i t e . There are a few crystals, however, nhich are' 

relatively fresh and grow up to 2 x 1 mm. in size, compared with 

a maximum of 1.2 x 0.3 mm. in the ordinary rock. These crystals 

v a r y  in composition from albite A n g to andesine A n ^ .

The plagioclase laths are most often surrounded by perthitic 

overgrowths which, in many cases, have replaced much of the 

plagioclase. Microperthite also occurs in subhedral crystals 

up to three millimetres in diameter in specimen E 8738. These 

crystals are the prominent pink feldspars of the hand specimen. 

They have grown as porphyroblasts in association with quartz, 

which occurs in micrographic intergrowth with the perthite 

around the edges of the crystals. The microperthite is replacing 

the original rock in places. Similar crystals of microperthite 

occur in specimen E8739 in the quartz-feldspar lenses. These 

microperthite crystals orobably began as overgrowths on plagioclase 

nrisms, for remnants of plagioclase are preserved in some of 

their cores.
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Quartz is abundant as an interstitial mineral in poik.ilob

1 a,stic crystals up to two millimetres in diameter. It also 

occurs in interstitial micropegmatite and in coarse micrographic 

intergrowth with perthite. The quartz is clearly a later mineral.

for it veins and replaces later minerals.

Amphibole is abundant" in ragged crystals about 0.5 mm. in 

diameter on the average. The crystals are commonly elongated, 

reaching 4.6 x 0.4 mm. in size. The amphibole is pleochroic 

from medium to very pale green and is probably hornblende, 

although some tremolite actinolite may be present. Penninite 

replacing the amphibole is very com .on.

Ilmenite is abundant in skeletal grains and rods up to 

0.5 x 0.1 mm. in size which are closely associated with, and 

being replaced by, yellow sphene. Less skeletal grains of 

iron ore approximately 0.3 mm. in diameter which are not 

associated with sp-hene may be magnetite.

A ccessory minerals include sphene, zircon and apatite.

Sohene is abundant, usually associated with iron ore, but also 

occurring in s k e l e t a l  crystals about 0.4 mm. in diameter replacing 

interstitial amphibole. Zircon occurs in E8738 in stubby prisms 

up to 0.4 x 0.3 mm. in size and is common in E  8739 in prisms, 

commonly perfectly euhedral, about 0.2 xs0.1 mm. m  size.

The rocKs of the outer zone of the Mecklin food outcrop are 

uniform in appearance. They are fine to medium grained, greenish- 

grey rocks composed of feldspar laths about one millimetre long, 

set in a dark green matrix. A specimen (E 8741) from near Burnt



House (G.R. 11980291) contains numerous pink spots about two 

millimetres in diameter in which the feldspars have turned pink. 

Potash has an irregular distribution in this specimen, but is 

largely concentrated on these pink spots. The potash first 

appears as flecks in the plagioclase laths and then progressively 

blocks out the plagioclase to leave a patch in which the quartz 

and femic minerals are suspended in a potash rich base. Specimen 

E 8744, also from near Burnt House (G.R. 12150321), is particularly 

rich in potash, which occurs reducing plagioclase laths, in 

overgrowths on the laths and as an interstitial mineral.

Under the microscope the rocks appear badly altered, with 

the plagioclse altered to sericite and epidote, and very little^ 

original albite twinning left. The plagioclase has a similar 

comoosition, andesine An^g, to that of the intermediate zone.

The potash rich pink spots in specimen E 8741 are poikiloblastic 

perthitic feldspar anhedra up to two millimetres in diameter. 

Perthite is also common in the rock as anhedral crystals about 

one millimetre in diameter, and as overgrowths on the plagioclase 

l a t h s .

Quartz is abundant in interstitial crystals and in 

poik i/ibi astic crystals up to two millimetres in diameter. It 

is evidently younger than the perthite for it occurs interstitial^ 

between perthite crystals.

Acicular hornblende, possibly including a little tremolite- 

a ctinolite, is the most abundant ferromagnesi an mineral in 

specimen E 8741. It occurs in crystals up to 0.4 x 0.1 mm. in



size, which are pleochroic from green to greenish yellow. Ihe 

hornblende is commonly altered to penninite. .Brown biotite is 

rare in E B741, but is more abundant than hornblende in L 8 744 

where it occurs in flakes up to one millimetre in diameter.

The iron ore and accessory minerals are similar to those 

described in rocks from the intermediate zone.

Modal analyses of specimens from the outer zone are given 

below.

Soecimen ^ 8 741

Q U A R T Z  L 5

POTASH FELDSPAR . 15

FLAGIOCLASE 52

FE RROMAGNESIAN 14
MINERALS

IRON ORE + 4
ACCESSORY MINERALS

The potash feldspar in these analyses has been calculated 

from stained polished rock slabs and includes much microperthite.

3. Hybrid Rocks_in the Bleng Valley.

A .  F i e l d  R e l a t i o n s h i p s .

The largest outcrop of hybrid rocks in the granophyre 

occupies most of the upper Bleng Valley. ihe outcrop, which 

covers an area of approximately two square miles, has been 

divided into three parts by later acidic intrusions. ihe main 

outcrop occupies the bottom of the valley, extending in a belt 

about a mile wide from Stockdale Head to within 150 yards of

E  8744 
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the western edge of the Ennerdale Granophyre. A small outcrop 

of hybrid rocks on Stockdale Moor has been described by Holling­

worth (Trotter et al, 1937, pp. 44). A thick sill of Main 

Granophyre at the head of the v alley separates a second minor 

outcrop of hybrid rocks on Brown Band, on the south-west side 

of Haycock, from the hybrids in the bottom of the valley.

The hybrid rocks on Stockdale Moor occupy a rectangular 

outcrop about 750 x 400 yards in size, which is elongated in a 

north-easterly direction. This outcrop is surrounded on three 

sides by fine pink or grey microgranite and felsite, and is in 

contact with andesites of the Borrowdale Volcanic Series along 

its south-west edge. The contact between the hybrid.and volcanic 

rocks is hidden under thick drift. The hybrid tocks are 

extensively veined by the surrounding m i c r o g r a n i t e . The micro­

granite veins have sharp edges and an intrusive appearance. The 

hybrid rocks in places are also net-veined by acidic veins which 

have diffuse edges and contain numerous pink feldspar phenocrysts 

about two millimetres in diameter. These veins appear to have 

been formed by granitic material diffusing along the veins, and 

not by igneous intrusion of a.granitic magma. The contact between 

the hybrid rocks and the microgranite is sharp where it is 

exposed on a small crag at the south-east end of the hybrid mass 

(G.R. 109085). The hybrid rocks of this outcrop are very 

variable and include fine basic microgranites, fine and coarse 

basic rocks rich in acicular femic crystds and the net veined

types described above.



The outcrop of hybrid rocks on Brown Band is triangular 

in sh=pe with the Haycock fault forming the northern edge. Along 

the western edge of the triangle the hybrid rocks are in contact 

with andesites but the contact is not eetposed. To the west the 

hybrid rocks overlie the Main GraDphyre. The rocks are mainly 

fine basic microgranites, greenish-grey in colour, containing 

abundant acicular femic crystals. They are extensively veined 

by pink granitic veins from the Main Granophyre.
*

The hybrid rocks of the main outcrop are in contact with 

andesites of the Borrowdale Volcanic Series for almost a mile
*

along the north-west side of Seatallan at about 1600 feet, but 

the contact is not exposed. The relationships between the hybrid 

rocks and the Main Granophyre are complex, for the hybrids have 

been intruded by the Main Granophyre on a large scale. It is 

believed that before the intrusion of the Main Granophyre, the 

hybrid rocks were in contact with the Borrowdale Volcanic Series 

from Haycock to Stockdale Moor, and as far south as Windsor Farm. 

A wedge of gra.nophyre has be»n forced along this contact from 

the south and now separates the hybrid and volcanic rocks along 

the south edge of the main hybrid mass. The Main Granophyre is 

exposed between the hybrid and volcanic rocks in a belt about 

150 yards wide extending from the River Bleng southeastwards 

for half a mile to H o l l o w  Moor, where it swings eastwards and 

widens out into an outcrop about 750 yards wide and a mile long. 

This outcrop forms the southern tip of the largest outcrop of

the Snnerdale Granophyre. A north-north-easterly dyke 150 yards



wide, of fine pink granophyre, extend, from this mass through 

Yokerill Hows as far as the Bleng, almost cutting the outcrop, 

of hybrid rocks in two. Hollingworth, (ibid. p. 45) has 

compared the marginal belt of granophyre to the ring dykes

resulting from cauldron subsidence.

In the north the hybrid rocks probably pass under the m a m

mass of the Main G r »  ophyre which forms Cawfell. The

contact between the two rock types runs west-south-westwards 

from Stockdale Head, beneath Red Crag to Hause, where the Main 

Granophyre is in contact with an intrusion of fine porphyritic 

mifc'rogranite. A xenolith, approximately twenty feet across, of 

relatively fresh feldspar-phyric amygdal oidal dolerite occurs in 

granoohyre at 1500 feet O.D. in the east bank of Red Beck. This

mass is bounded to the south b y  a small fault.

The Main Granophyre extends southwards from the Cawfell 

area in a thick horizontal wedge across the Bleng Valley. The 

outcrop of this wedge can be followed from Red Crag on the north, 

around the head of the valley, to Rossy Gill. The granophyre 

forms the steep w a l l - l i k e  end of the Bleng Valley, and 

separates the hybrids on town Band from their main outcrop in 

the bottom of the valley. South of R ossy Gill the granophyre 

thins, and splits into several sills, dykes and irregular shaped 

intrusions which finally die oat near the mouth of 111 Gill.

Over the western half of the northern edge of the hybrid 

mass the hybrid rocks are in contact with a fine pink por- 

ohyritic microgranite which is younger than the Main Granophyre. 

Similar microgranite occurs between the hybrids and the M a m



Granoohyre for a few hundred yards on either side of lied Beck.

The rocks of the hybrid outcrop are v e r y  varied in 

character, but a few generalizations on the distribution of 

rock types can be msda In the area south-east of Raven Crag, 

between 111 Gill and Swinsty 3eck, the rocks are chiefly 

coarse, purplish-green hybrid rocks, rich in acicular feraic 

crystals which vary in length from about two millimetres 

to one centimetre. These coarse hybrids often enclose rounded 

xenoliths of a fine, more basic, rock. The contact between the 

xenoliths and the coarse hybrid rock may be sharp, but is often 

diffuse showing that the xenoliths are being acidified and diges

The course hybrids grade out into finer grained rocks which 

occupy the floor of the v alley east of the northerly granophyre 

dyke through lokerill Hows. These rocks are fine to medium 

grained and vary from quite basic rocks resembling dolerites, 

to basic granites. They are generally purplish or greenish- 

grey in colour and are characterized by the common occurrence of 

femic minerals in acicular crystals. The hybrid rocks tend to 

be more acidic or felsic in appearance in the north around Red 

B e c k .

West of the Yokerill Hows dyke the hybrid rocks are fine 

grained acidified basic rocks, purplish green in colour, which 

are characterized by the presence of pink feldspar phenocrysts 

about two millimetres in diameter. These phenocrysts commonly 

occur in a. type of metasomatic patch-veining similar to that 

described above from Stockdale Moor.



Small scale granitic, igneous veining of the hybrid rocks 

is extremely common. Intrusions of fine pink granophyre and 

felsite several feet across, are less common and cannot be 

traced for more than a few yards. A pimtish-green felsite 

dyke five feet in diameter, striking east-west, crops out in 

Swinsty Beck 300 yards below the footpath. Sixty yards u p ­

stream from this dyke the hybrid rock is broken into an 

intrusion breccia by fine pink granophyre. A curious injection 

'conglomerate' occurs in an irregular granophyre dyke on the 

south side of Raven Cra,g (G.R. 12760842). Rounded xenoliths 

up to more than 50 centimetres in diameter, of a fine basic 

hybrid rock are suspended in fine pink granophyre (Photo. 9.)

Photo.9. Intrusion 'Conglomerate' Raven Crag.

The roundness of the xenoliths cannot easily be 

explained for there is not enough granophyre present to have 

digested the corners off the xenoliths in situ. They may have



sunk into their present position after being rounded by 

digestion a,bove, or they may have been rounded by digestion 

or attrition during the intrusion of the granophyre from below. 

Many other irregular vertical veins and dykes of fine pink 

granophyre occur on a crag 150 yards south-west of Raven Crag.

B.___Petrography.

The least altered basic rocK (specimen B 9619) in the

Bleng Valley occurs in the east bank of Red Beck at 1500 feet

O.D. It is a medium grained dark green doleritic rock which

contains numerous feldspar phenocrysts reaching sizes of 5 x 4

and 8 x 2.5 millimetres. Amygdules up to five millimetres in

diameter, filled with calcite and chlorite are common. Skeletal.
e

crystals of pyrite up to three millimetres in diameter are 

present. Potash is very common in the feldspars, particularly 

in the phenocrysts, which appear to have a perthitic texture.

Under the microscope the rock is seen to be extensively 

replaced by calcite. Plagioclase is common in large euhedral 

phenocrysts but normally occurs in prismatic crystals approxi­

mately 2.5 mm. in length. The )lagioclase, andesine An^g in 

composition, is extensively replaced by calcite, and to a lesser 

extent by chlorite and sericite. Penninite, which occurs as 

an interstitial mineral and in amygdules, is the only ferromag- 

nesian mineral present, except possibly for a little serpen­

tine. Iron ore is abundant with ilmanite, partially altered 

to leucoxene, and magnetite in irregular grains and octahedra 

up to 0.2 mm. in diameter. Apatite is a rare accessory mineral-



Calcite occurs in amygdules and as a replacement mineral 

throughout the rock.

The hybrid rocks in the bottom of the Bleng Valley are 

generally medium grained non-porphyritic rocks. Specimen E 8762 

from near the mouth of 111 Gill (G.R. 12750983), is a medium 

grained greenish-grey rock composed of white feldspar prisms 

about one millimetre long, and interstitial femic crystals. The 

femic minerals commonly occur in acicular crystals. The feldspar 

crystals are rich in potash feldspar.

In thin section, the feldspars are badly altered to 

sericite and epidote. Plagioclase, probably andesine A n ^  in 

composition, occurs in ragged laths up to one millimetre long 

in which the albite twinning is almost destroyed. - Perthite 

in anhedral inters!tial crystals up to 0.6 mm. in diameter, 

is very common and quartz is abundant in interstitial crystals 

up to 0.4 mm. in diameter. Penninite occurs as an interstitial: 

mineral and in pseudomorphs after crystals, which were, in 

places, acicular. Iron ore is abundant in grains 0.05 mm. in 

diameter. Accessory minerals include abundant epidote, less 

common sphene and rare zircon and apatite.

The rocks are coarser, and in general more acidic in 

appearance, in the area on Seat all an between 111 Gill, and 

Swinsty Beck. A specimen (E 8761) from the junction of the 

two tributaries of 111 Gill is a coarse purplish-green rock 

with a pink feldspathic base in which are set numerous white 

plagioclase prisms about 2 x 1  mm. in size, and acicular femic



crystals up to 3 x 0.5 ram. in size. Potash is abundant in 

the raptrix but is not common in the plagioclase crystals.

Soecimen E 8761 is coarser grained than E 8762, but in 

thin section they are very similar in mineralogy and texture.

The femic crystals in specimen E 8761 are more conspicuously 

acicular than those in E 8762, pnd the interstitial matrix in 

E 8761, unlike that in Q 8762, is largely made up of a micropeg- 

mptite of quartz and perthitic feldspar.

The coarse acicular hybrids vary from rather basic types 

such as E 8761 to more granitic tyoes such as specimen E 8763 

from the head of 111 Gill (G.R. 13010864). The pimt feldspathic 

base, which is rich in potash, is more abundant in E 8763 and 

the general colour of the rock is pink rather than purple. Under 

the jnicroscope the abundance of perthitic feldspar is very n otice­

able. ‘'Many of the original andesine prisms have been perthitized 

and mb«st are surrounded by perthitic overgrowths. Perthite, 

possibly incorporating perthitized plagioclase crystals occurs 

in crystals up to 3 x 1.5 mm. in size. It also occurs in inter­

stitial raicropegmatite with quartz. Iron ore, usually encrusted 

in sphene, occurs in skeletal acicular crystals up to 1.8 mm. 

long.

Modal analyses of two coarse acicular hybrid rocks are 

given below:

Specimen E 8761 E 8763

QUARTZ 12 12

POTASH FELDSPAR 8 18

PLAGIOCLASE 51 46



Specimen (cont'd.) E 8761 E 8 /63

FERROM AGNESI AN
MINERALS 16 15

IRON ORE 4 3

EPIDOTE 8 4

REST 1 L

The potash feldspar has been determined by point counts 

of stained specimens. The epidote is largely contained in the 

feldspars, and may be added to the feldspar to get a truer value; 

of the total feldspar percentage.

The western part of the major hybrid outcrop is 

characterized by the development in the rock of bright pink 

feldspar porphyroblasts about two millimetres in diameter, for 

example, in E 8678 from Brown Edge (G.R. 11520739). The base 

rock in which the porphyroblasts grow, is a fine grained purple 

rock with a matrix composed of pink feldspar laths about one 

millimetre long, commonly set in radiating groups three to 

four millimetres in diameter, with interstitial quartz and 

ferromagnesian minerals. White euhedral plagioclase crystals 

up to 2 x 0.5 mm. in size and femic crystals up to one millimetre 

in diameter occur but are not common. The feldspar porphyroblasts 

commonly occur in a type of net veining in which the veins have 

no sharp margins. Potash is abundant but does not occur in the

Porphyroblasts.
i

The radiating plagioclase prisms of the base rock are very- 

decayed. They contain much epidote, sericite and brown dust
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and retain  very l i t t l e  twinning .  Plagioclase  also occurs as

anhedral crystals  up to 0 . 5  mm. in diameter, many of which look 

p e r t h it ic .  Quartz is  abundant between the radiating  iel&par  

prisms, and in  equigranular  relationship  with the anhedral 

fe ldspar .  Hornblende, pleochroic from green to greenish-yellow 

makes u b  about five percent of the rocK. I t  usually  occurs in 

fresh euhedral crystals  up to 0 . 4  mm. in  diameter but some of 

the crystals  are in t e r s t i t i a l  to the fe ld spars .  Primary brown 

b iotite  is  rare,  but penninite ,  after hornblende, is common. 

Iron  ore is  abundant in  grains  up to 0 . 4  mm., but averaging 

0 . 0 5  mm. in  diameter. Accessory minerals include epidote ,  

zircon,  apatite and sphene.

The feldsoar porphyroblasts occur in  glomeroporphyritic 

groups. The cores of the porphyroblasts are generally  composed 

of glass-clear plagioclase  but the rims are usually  f u l l  of 

pink dust,  sericite  and epidote .  The refractive  index of this  

plagioclase  is  s l ightly  higher than that of balsam, suggesting 

that its  composition is  oligocla.se, but its  2V, which ranges 

from 72 degrees positive  to approximately 90 degrees,  shows 

that albite  is  also present.

Specimen E 8754  from Stockdale Moor (G .R .  19890858)  is 

similar to E 8678 in hand specimen and under the microscope, 

but the acidic  veins  in  the former specimen are more igneous in 

appearance. The veins  reach several centimetres in width and 

are composed of a. pink porphyritic microgranite .  The edges of



the veins  are sharp in some places but gradational in  others. 

The microgrnnite contains numerous bright  pink plagio,clase 

phenocrysts, identical  with the feldspar  porphyroblasts in 

S86 7 8 ,  and th£s suggests that the rans in  the two specimens 

may have a similar o r ig in .  The veins in E 8754  may be of 

igneous origin ,  but they could represent an advanced stage 

in metasomatic veining  in which some rheomorphic movement has 

taken place.

4 .  Hybrid Rocks in Ennerdale.

A__.___ Field  Relationships .

Extensive outcrops of hybrid rocks occur in  Ennerdale on 

Crag F e ll ,  Latterbarrow and Bowness Knott .  The hybrid rocks 

on Crag Fell occur in a horizontal  sheet about h a l f  a mile 

long, which crops out between 900 and 1250  feet  O .D .  on the 

north face of Crag F e l l .  This sheet is 350 feet thick at its  

north end (G .R .  101145)  and thins south-westwards, ending at 

the head of [led Beck. Further outcrops of hybrid rocks are

found at the same altitude  near Boathow, ap oroximately 600 yards

\

south-east of Red Beck. Two small 'outcrops also occur at 

100 feet  O .D .  in  S ilver  Cove Beck one and a half  miles south 

east of Boathow.

The outcrops of the hybrid rocks in the neighbourhood of 

Latterbarrow are largely  obscured by the dense coniferous 

Latterbarrow Flantation .  On Latterbarrow i t s e l f ,  hybrid rocks 

occur in an almost horizontal sheet about 150 feet  thick .  The 

outcrop of this  sheet curves round the western end of Latter-



barrow at about 800  feet  and then continues eastwards along 

the south face of Latterbarrow, almost as far as bow Giller- 

thwaite .  A second narrow outcrop of hybrid rocks, 600 to 800 

yards long, which may be part of the Latterbarrow sheet that 

has been displaced  by the Red G i l l  fault ,  occurs above Giller- 

thwaite between 600 and 800  feet O .D .  hybrid  rocks also outcrop 

due north of High G illerthw aite  at 900 feet O .D .  (G .R .  143 1 4 8 ) .  

A lensiform mass of hybrid rocks about 150  feet  thick crops 

out some 750 yards north of Latterbarrow at 900 feet  O .D .  This 

outcrop is  over 1200 yards long and stretches from the Bowness 

Plantation  to the Latterbarrow Plantation .  Prior  to erosion 

it  was probably continuous across Smithy Beck with the Latte r ­

barrow outcrop.

The Crag Pell and Boathow masses consist  of hybrid rocks 

similar to the coarse hybrids in the Bleng V a l le y .  They are 

coarse grained,  purplish-green rocks, containing numerous 

acicula.r crystals  of femic minerals set in  a pink matrix.  These 

rocks do vary in character,  but in general they are^nore homo­

genous than the coarse hybrid rocks in the Bleng V alley .  The 

hybrid rocks in Silver  Cove Beck are f iner  grained than those 

from Crag Pe ll .  Those from the Latterbarrow area are similar 

to the Crag Fell hybrids but are commonly more leucocratic .

The most basic rocks in  Ennerdale occur in an irregular  

shaped outcrop about 350 yards across on the south-east side 

of Bowness knot (F i g .  8 ) .  The rock types present include fine 

grained,  greenish-grey rocKS, similar to those from the outer



zone of the Mecklin  Wood outcrop, medium coarse, purplish- 

green do ler it ic  rocks which s t i l l  reta in  an ophitic  texture 

although their  matrices have turned pink, and more acidic  

coarse grained types similar  to those from Crag f e l l .

The hybrid rocks in  Ennerdale are surrounded by later  

granitic  rocks, therefore ,  their  original  re lat ionships  to 

the Skiddaw Slates  and Borrowdale Volcanic Series  is  unknown. 

The hybrid masses of 6 ra.g Fell and Bowness ivnot^ however, were 

most l i k e l y  to contact with the Skiddaw Slates  o r ig in a l l y .  The 

hybrid rocks on Crag Fel 1 are now separated from the Skiddaw 

Slates by some 60 yards of coarse pink granophyre, and those 

on Bowness Knott are separated from the Skiddaw Slates  by 20 

yards of fine  pink porphyritic granophyre.

Scale 12 inches I mile.
' t w ^ 0n,.0Ph>,r<

The Bowness Knott Hybrid Mass F IG  8



All the outcrops of hybrid rocks in Ennerdale,  except tha t 

on Bowness Knott ,  are surrounded by the Main Granophyre. The 

basic  rocks are commonly veined by the granophyre, particularly  

near their  margin. The contact between the hybrid rocks and 

the granophyre is  usually  quite sharp but may be gradational in 

places where the hybrid rocK. is  being absorbed by the granophyre.

The hybrid rocks on Bowness Knott are in  contact with the 

Main Granophyre along the north-eastern and southern margins 

of their  outcrop. This contact may, in  parts,  be gradational ,  

for the hybrid rocks become coarser and more leucocratic  towards 

the contact and the adjacent granophyre is  discoloured to a 

purple colour.  This discolouration  continues for over h a l f  a 

mile to the east,  almost to Smithy Beck, and it  is uncertain 

whether i t  is  all due to the influence of the hybrid rocks. A 

later  intrusion  of fine porphyritic granophyre, f e l s i t ic  in  

places, now separates the Main Granophyre and the hybrid mass

over much of the contact.

The later  granophyre is  well exposed in  the Bowness Knott 

c l i f f s  ( G .R .  112154)  between the Skiddaw Slates  and the hybrid 

rocks. Sheets of fine granophyre and felsxte  up to three Ieet 

thick commonly intrude the hybrid rocks, their emplacement in 

places being controlled  by jo ints  in the hybrid roc*s .  The age 

relationships  between the three main rock types are shown on a 

specimen from Bowness Knott (G .  R.  1 1 3 4 1 5 3 0 ) ,  in which a vein  

of coarse granophyre intruding a hybrid rock is  i t s e l i  cut by 

a fine granophyre ve in .



Hollingworth and Dixon have put forward the theory, 

that before the intrusion  of the Main Granophyre the present 

outcrop of hybrid rocks in Ennerdale were continuous. This 

theory is  supported by the fact that the hybrid masses, except 

Bowness Knott,  are f la t  lying  sheets and all the outcrops occur 

at roughly the same a lt itud e .  I f  the theory is  correct,  then 

the original  hybrid body was a sheet over a mile wide and two 

miles long. I t  probably varied  in thickness from 400 feet  on 

Bowness Knott ,  300 feet  on Crag Fell to 150 feet  on L a t t e r ­

barrow.

An isolated  exposure occurs on iled Pike ( G .R .  157148)  of 

a medium grained hybrid rock very similar in  appearance and 

position  to the hybrid rocks on Buckbarrow in  Wasdale. This 

hybrid mass is  about 90 yards long, 30 feet  thick ,  and l ie s  20 

to 30 feet  below the andesite lavas of the Knorrs,  from which 

it  is  separated by normal pink granophyre. The origin  of this 

mass is  unknown.

B . Petrography.

The coarse hybrid rocks on (yrag F e ll ,  Boathow and 

Latterbarrow  are very similar in hand specimen to those from 

Seat all an. A specimen (E 8 6 8 6 ) from Crag Fell (G.  ii. 10251438 )  

is almost identical  in thin  section with E 8761 from 111 G i l l  

The acicular  femic crystals  in  S 8686  are almost all altered to 

penninite  but remnants of original  hornblende are preserved in 

a few crystals .



The hybrid rocks of Bowness Knott are more variable  in 

character than those from Crag F e l l .  Specimen E 8679 (G.ii. 

11401552 )  is  a f a i r l y  fresh looking doler it ic  rock composed 

of abundant euhedral white plagioclase  prisms up to 1 . 5  mm.
\

long, i n t e r s t i t i a l  femic minerals and a patchy pink f e l s i t ic  

base .  The f e l s i t ic  base contains a l i t t l e  potash but the rock 

as a whole contains much less  potash than the coarse hybrids 

of Seatallan .  Specimens E 8680  and E 8681 are similar to, 

but look more altered than E 8679 ,  for -the plagioclase prisms 

have lost  their  euhedral outlines .  There is  no potash in 

E8680  and very l i t t l e  in E 8681 .  A medium grained acicular 

hybrid similar to E8686  from Crag Fell ,  except for the fact 

that it  contains no potash, occurs in E 8 6 8 5 .  This basic  rock 

is in contact with a fine pink granophyre and some potash has 

d if fu se d  up to one centimetre into the hybrid from the granophyre.

Under the microscope the plagioclase prisms of these 

rocks are extensively  altered to sericite  and epidote,  and 

retain  l i t t l e  of their  albite  twinning .  In  specimen E8679 

re c ry s t a l l iz a t io n  of the edges of many of the prisms has 

produced clear rims (Photo. 10)  which are commonly zoned, 

the plngioclase  varying from calcic andesine. An^^ in  the core 

to oligoclase  at the edges. Perthite is  not common, but occurs 

in  specimen E 8685  as overgrowths on the plagioclase prisms in 

the area that has been enriched in potash. The ferromagnesi an 

crystals  in  E8679 are largely  composed of fresh amphibole. There 

mayjbe two amphiboles, hornblende in large twinned crystals
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which are pleochroic greenish-yellow to green, and tremolite-

actinolite  in  small fibrous crystals  with a similar pleochroism
n

but a smaller e xt i^t io n  angle.  The amphibole is  changing to 

pennin ite ,  and in  other specimens the change is  practically  

complete, although remnants of hornblende are preserved in 

E 8 630 .  Quartz is present in all the hybrid rocks as i n t e r s t i t i a l  

mineral,  but micropegmatite, which is  very common in  the oeatallan 

hybrids has been found on .Bowness Knott  only in £8679 ,  and then 

only in  small amounts. The iron ore and accessory minerals are 

similar to those of the Seatallan  hybrid rocks. P istac ite ,  

pleochroic from very pale yellow to lemon is  abundant in E 8681 

in  prismatic crystals  up to 1 . 5  x 1 mmj in s ize .

Bedded
Tuffs

Massive
Andesite

A  A :

Flow Breccia"
/

Photo. 1 0 .  Hybrid Hock. Bowness Knott .
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Fine grained hybrid rocks are common on Bowness Knott .  

Specimen E 8683  (G.tt. 11401555)  is  a very fine basic rock veined 

by a norohyritic  granophyre. The basic rock is  composed of 

feldspar  prisms about 0 .2  mm. long, and in t e r s t i t i a l  femic 

minerals .  The granophyre is  largely  composed of plagioclase 

phenocrysts about two millimetres in diameter with a, l i t t l e  

potash-rich granophyric matrix.  The contact between the grano­

phyre and hybrid rock is  sharp, but in the hybrid rock, and 

apparently associated with its  contact with the granophyre, 

are nlagioclase  crystals  identical  with the phenocrysts in the 

g r m o p hy re .  These crystals  are/probably plagioclase porphyro­

blasts  of metasomatic origin .  Specimen E 8684  is  a fine hybrid 

rock veined by a fine pink granophyre. The hybrid rock is  com­

posed of feldsoar  prisms about one millimetre in length ,  and 

i n t e r s t i t ia l  femic c rysta ls .  Potash is  evenly distributed  

throughout the hybrid rock, c h ie f ly  in the feldspar crystals .

The junction  between the hybrid and the granophyre is  macros- 

copically  sharp but microscopically  d i f fu s e .

Apart from the difference  in  their  grain  s ize s ,  specimens 

E 8683  and E 8684  are very similar in thin section.  The feld ­

spar prisms, probably andesine An36 in composition are very badly 

altered .  The olagioclase porphyroblasts in E 8683  are identical  

with the phenocrysts in the granophyre which have a composition 

of approximately Ang& . Quartz is  very common as in t e r s t i t i a l  

crystals  but there is  no micropegmatite. Penninite is abundant 

but very small renmnts of original hornblende are preserved in 

E 8 6 8 4 .  Epidote is  abundant in  both specimens.
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Modal analyses of specimens from Ennerdale are given  below:-

L o c al i ty Bovness Knott Crag Fell

Specimen E8679 E8680 E8686

QUARTZ 4 11 13

POTASH FELDSPAR 7 0 1.2

PLAGIOCLASE 64 59 51

FERBOMAGNESIAN

MINERALS

23 20 20

IRON ORE 1 3 4

EPIDOTE 1 5 -

REST

J

I



A . Evidence of Hybridization

The hybrid character of the hybrid rocks is  suggested by 

the following  evidence.  The hybrid rocks are strik ingly  

heterogeneous in  composition, mineralogy and texture,  with the 

character of the rock commonly changing very rapidly  and 

i rreg u lar ly .  They vary in eomposition from s l ig h t ly  a c id i f ie d  

dolerites  almost to g ran ites .  Primary igneous rocks in contrast,  

are usually  characterized by their  homogeneity. Many of the 

rocks found in the hybrid masses have unusual features which 

are not normally found in igneous rocks, for example the ophitic 

dolerites  from Mecklin Wood (E 8740)  in  which the plagioclase is 

rich in potash. Many textures and structures,  for example the 

acicular  habit  of the ferromagnesian minerals and the acidic  veins 

with gradational margins are characteristic  of hybrid rocks 

rather than normal igneous rocks.

B . Age of Hyb rid izat io n .

The greater part of the hybrid ization  took place before 

the f inal  emplace ment of the Main Granophyre. This is  shown 

by the igneous veining  (F ig .  7 . )  and the large scale intrusion  

of the hybrid rocks by the granophyre. The hybridization  is  

believed to have immediately preceded the emplacement of the 

Main Granophyre.

Marginal hybrid ization  by the Main Granophyre is  quite 

common, but this  is  h ybrid ization  of hybrid rocks rather than 

h ybrid ization  of original basic  rocks. Potash has migrated from 

the granophyre into a hybrid rock in specimen E 8686 from

5 . Petrogenesis
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Bowness Knott  (pp.  101 ) and oligoclase porphyroblasts,  which 

have developed in a hybrid rock in specimen E 8683  from 

Bowness Knotty ( p p . 103 ) are associated with the contact of 

the intruding  granophyre. The contacts between the hybrid 

rocks and the granophyre are commonly microscopically  d i f fu s e ,  

showing that there has been some mixing of the two rocks. The 

extent of this  hybridization  by the Main Granophyre in situ is 

uncertain  but it  is not l ik e l y  to be very great as the effects  

just  noted are marginal in character.

C. .___Or ig in  of the Hybrid Rocks.

The hybrid rocks have been formed in one of the following 

ways: -

1) Masses of basic  rocks have been immersed and 

hybridized  in a granophyre magma and then carried 

passively  to their present position  during the 

intrusion  of the Main Granophyre.

2) Masses of basic rocks have been hybridized  and 

mobilized at depth and then intruded as hybrid rocks.

3) A basic magma mixing with an acid magma has produced 

a hybrid magma which has then been intruded.

4) Normal basic  intrusions  have been hybridized  in situ .

The f i r s t  alternative  is  very unlikely  because the masses

of the hybrid rocks would then be surrounded by granophyre whereas 

they are in contact with the Borrowdale Volcanic Series over 

large areas. The masses of heavier ,  basic rock, would also 

sink through the granophyre, yet they are found associated with

i +. <3 r n n f



The major point of evidence supporting the second and 

third a lternatives  is  that the basic rocks have been intensely  

altered by hyb r id izatio n  yet the volcanic rocks in contact with 

the basic rocks are unaltered .  I t  is  d i f f i c u l t  to envisage a 

s ituation  where the enormous quantities  of s i l i c a  and potash 

necessary to e ffect  the hybridization  could be transported into 

the basic  rocks without affecting  the country rocks, unless the 

h ybrid ization  took place before intrusion .  I t  is  possible ,  

however, that the process did take place in situ and the volcanic 

rocks acted as an impermeable barrier  to the metasomatising 

agents because of their  fine grained and massive character.

Hollingworth  ( i b i d .  pp. 46) gives a reconstruction of the 

sequence of intrusion  of the Ennerdale Granophyre in which there 

are two primary magmas, one acid and one basic .  The hybrid rocks 

are shown to be derived from a, magma produced by the mixing of 

the primary magmas. Hybrid rocks that have cry sta ll ized  from 

a magma would be exoected to be f a ir l y  homogeneous. The uniformity 

of the hybrid rocks on Crag Fell and parts of Seatallan  suggest 

that this  is  ajpla.usible explanation  of their orig in .  The he^ro^ 

geneity  of most of the: hybrid rocks, however, is  d i f f i c u l t  to 

explain  in  this  way.

0
The het/rogeneity of the hybrid rocks is  consistent with

the second possible  or ig in .  The intrusion  of a mobilized 

e
heterogeneous rock would, however, be expected to produce some 

l ineatio n  in  the rock, as the residual blocks of basic rocks 

were orientated parallel  to the flow d irect ion ,  or mobilized



basic patches became streaked out parallel  to the flow d irection .

No such l in eat io ns  are seen in the f ie ld .

The minor basic intrusions  associated with the innerdale 

Granophyre and the hybrid masses in the granophyre stock are 

composed of basic rocks of the same age, which would be expected 

to have similar compositions. The fact that they have not may 

be the result  of the minor basic intrusions  being derived from 

a primary basic magma and the hybrid rocks from a mixed magma.

I t  is  a questionable coincidence ,  however, that without exception 

all the minor basic intrusion  were derived from one magma and all 

the hybrid rocks of the stock from another. The difference  in 

composition between the normal basic t o c k s  and the hybrid rocks 

could be better explained i f  the hybrid rocks were derived from 

normal basic rocks by hybrid ization  in  s it u .  All the original  

basic rocks had the same composition but those in the grauophyre 

stock were hybridized  while the minor intrusions  were shielded 

by the country rock and remained unaltered.

The dolerites^Ln Mecklin Wood are normal ophitic dolerites  

in which potash has been introduced into the plagioclase crystals .  

The introduction  of potash clearly  took place after the d o l e n t e  

had s o l i d i f i e d  and this  is  an undoubted case of hybridization

after  intrusion .

The evidence given above does not exclusively  support any

one possible  origin  of the hybrid rocks. The observed facts ,

however, can be best explained by the theory that the hybrid rocks

were derived by hybrid ization  of basic rocks atter intrusion .



D.  Process of Hy b rid izat io n .

The hyb r id izatio n  of the basic rocks, as mentioned above, 

oreceeded the f ina l  emplacement of the Main Granophyre. The 

major e f fe c t  of the hybrid ization  was the introduction of potash 

and s i l i c a ,  which were probably derived from a granitic  magma, 

and the only granitic  magma from which they could come was the 

acid magma of the Ennerdale Granophyre. The metasomatising 

agents are envisaged as r is ing  in a metasomatic front,  ahead of 

the Main Granophyre intrusion .  Most of the volatil.es i'rom the 

granophyre magma would make up the metasomatic front,  but a lew 

would remain in the granophyre. These residual vo lat iles  

would produce the small scale marginal metasomatism by the

gmnophyre  that has been noted above.

The arrival of the metasomatic front in  the basic rocKs 

would r^ise  the temperature of the rock, and the in f lu x  of 

potash and s i l i c a  would lower its  melting point.  The hybrid 

rocks may therefore have been semi-molten when intruded by the 

grrnophyre. This would have resulted in  gradational ,  unchilled  

contacts between hybrids and granophyre. where the hybrids were 

less  a ffected  by m e tas o m at ism  they would be solid  and their  

contents with the granophyre would have normal sharp igneous 

c ontacts .

The extremely thorough hybridization  of the basic rocks 

shows that the metasomatising agents percolated through the whole 

rock and were not confined to joints  in the rock. The heterogen­

e ity  of the hybrid rocks is  the result  of areal variation  in  the



concentrations of metasomatising agents passing into the rock. 

Small scale var iations  in  the hybrid rocks may be due to an 

increase in metasomatism along original  l ines  of weakness such 

as joints  in  the basic rocks. This would lead to masses ol 

basic hybrids being surrounded by more acidic hybrid rocks.

The concentrations of the elements introduced into the 

hybrid  rocks vary from place to place.  The majority of the 

hybrid rocks have been enriched in potash and s i l i c a .  The nybrid 

rocks of Bowness knott ,  however, have been enriched m  s i l i c a  but 

show l i t t l e  enrichment in potash, and the d o l e n t e s  of Mecklin 

have been enriched in potash but not in  s i l i c a .  The porphyroblas 

of albite  and oligoclase  that characterize  the hybrid rocks of 

part of the Bleng Valley  (see pp. 94-6)  show that there has been 

an introduction  of soda in this  area. The porphyroblasts have 

grown in the normal hybrid rocks, therefore the introduction  of 

soda must have been later  than the introduction  of potash and 

s i l i c a .

The relative  homogeneous character of some oJ the hybrid 

masses, particularly  the Crag Fell mass is  d i f f i c u l t  to exp la in .  

One would expect a basic rock subjected to potash and s i l i c a  

metasomatism to become gradually  more acidic  and f inally  com­

pletely  g r an it i ze d .  Such an action on a basic mass would lead 

to a zoning similar to the in f i l t r a t i o n  zoning described by 

Korzhinsky  ( 1 9 5 0 ,  pp. 6 7 ) .  The rocks of the hybrid mass would 

vary from a gran itized  hybrid at the margin to unaltered basic 

rocks in the core. Zoning is  not found in the Crag Fell mass.



111.

Hybrids  similar in composition and appearence to those 

on Crag Pe ll ,  occur in every outcrop of hybrid rocKs and are 

p art icular ly  common on S eatallan .  The widespread occurrence 

of this  type of hybrid suggests that it  represents an important 

intermediate stage in the h ybridization  of the basic rocks.

The abundance of the Crag Fell type of hybrid ,  and the 

homogeneity of the Crag Fell mass may be the results  of a variation  

in the rate of h y b r id izat io n .  The in i t i a l  a lteration  of the 

basic rocks would be easy and rapid because of the great 

disequilibrium  between the basic rocKs and the granitic  meta- 

somatising agents. The rate of hybrid ization  would decrease 

as the hybrid rocks became more granitic  and approached 

equilibrium with the metasomatising agents.  A decrease in  the 

rate of alteration  could also be caused by metasomatic over­

growths on primary minerals protecting them from further a lter ­

ation .

The results  of this var iation  would be that all  the basic 

rocks would be quickly  changed into hybrids of granodioritic  

composition but would then maintain a similar composition for

a long period .  The hybrid rocks would gradually  become more 

granitic  with prolonged metasomatism. In  the case oi the 

Ennerdale Granophyre, however, the metasomatism stopped in many 

areas before the hybrids had changed from the granodioritic  

composition.

The mineralogical variations  within the hybrid rocks are 

shown in  Fig .  9 .  The amount of quartz and potash feldspar in

a specimen is  taken to indicate  its  degree of h ybrid ization ,  and
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is  plotted against  the mineral composition of the specimen.

The modal analysis  of an unaltered microdiorite  (Specimen K9203)  

from the Burtness Combe la cc o l ith  (see pp. 53  ) i s  included for 

comparison. This graph shows several features which throw l ight  

on the process of h y b r id iz a t io n .



The percentage of plagioclase  in the hybrid rocks

decreases as the degree of hybrid ization  increases .  The plot of

ls Varia t io n  is  a straight  line  which, i f  projected bacK to the

line of a lterat ion ,  almost coincides with the percentage of

^lagioclase in the microdiorite  from Burtness Combe. The only

three points which d i f f e r  greatly  from the straight line  plot

re the plots of three dolerites  from Iviecklin Wood. This

strongly suggests that the hybrids have been derived from dio r it ic

r °cks and not from dolerites  and that the dolerites  from iviecklin

" ° ° d  are fundamentally d i f fe r e n t  from the rest of the hybrids .

The percentage of potash feldspar in the hybrid rocks

lncreases uniformly as the degree of hybrid ization  increases .

Lhis change is  complementary to the reduction in  the amount of

° l ag ioclase ,  the total feldspar  percentage reraainixxg approximately

' onstant, suggesting that the potash feldspar  is  replacing the

^ l a g i 0c l a Se> This is  supported by petrographic evidence, for

the Derthitization  of primary plagioclase  crystals  is  very common

Xn ^lmost every specimen.

The graph shows a, similar  complementary relat ionship

between the quartz and ferromagnesian minerals.  The percentage 

o T" 'P
1erromagnesi an minerals drops sharply from 38 to 20 and then

slowly decreases to about 16 .  The percentage of quartz rises

sharply from 0 to 10 and th en gradually  increases to about 16 .

Th *
lls complementary re lat io n s h ip  is  also revealed in petrographic 

studies,  for  ferromagnesian minerals are the main in t e r st it ia l

Minerals of the microdiorites  but are p art ia l ly  replaced by quartz
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in  the hybrids .  In  the doler ites  of Mecklin Wood where there 

has been an introduction  of potash but very l i t t l e  quartz,  the 

percentage of ferromagnesian minerals remains h igh .  The difference 

of some six  percent between the fa ll  in  the ferromagnesian per­

centage and the rise  in the quartz percentage is  probably due 

to the replacement of some of the ferromagnesian minerals by 

alteration  products such as sphene and epidote .

The theory concerning the rate of hybrid ization  of the 

basic rocks is  supported by Figure 9,  i f  the degree of alteration  

of a rock is  assumed to be roughly proportional to the length of 

time the rock has been subjected to metasomatism. In  the i n i t ia l  

Pha se of rapid change the amount of ferromagnesian minerals in 

the rocks drops from about 40 to 20 percent and the amount of 

quartz r ises  from 0 to about 10 percent.  Potash feldspar  

gradually  replaces the plagioclase  in t h i s  period and f in a l l y  

makes up about 6 percent of the rock. In  the second phase of 

less pronounced alteration  the percentage of ferromagnesian 

minerals drops very slowly and the percentage of quartz r ises  very 

slowly. The major change during this period is  the continued 

gradual replacement of plagioclase by potash fe ldspar .  The rocks 

appear to remain almost unaltered during this  phase because the' 

re lative  amounts of quartz,  ferromagnesian minerals and total 

feldspar only change slowly.  The dif ferences  in the degree of 

replacement of the plagioclase  by potash feldspar  is  not obvious 

in  hand specimens or under the microscope unless the specimens

st ined.  Phis stage, therefore ,  produces a series of



rather uniform hybrid rock; the Crag Fell type of hybrid.

The chemical exchanges that occurred during hybridization  

must have been extremely complex. During the replacement of 

Bndesine by potash feldspar ,  potassium and s i l i c a  were 

introduced and calcium and sodium removed. The introduction 

or water was necessary  to change the primary pyroxene to 

amphibole. S i l i c a  was introduced and calcium, magnesium, 

l r on, aluminium and water removed during the replacement of 

^he ferroma.gnesian minerals by quartz .  The major changes in 

the rock were, therefore ,  the introduction  of potassium, s i l ic a  

and water, and the removal of calcium, sodium, magnesium, 

aluminium, iron and water.  Some of the elements lost  during 

^his interchange may have been used in the formation of alteratii 

Products, c al cium, iron  and aluminium in  epidote,  calcium with 

titanium in sphene and sodium in s e r ic it e .  The fate of the 

excess of these elements is  unknown.

— -he Original  Basic Rocks.

A. Composition.

The rocks of the inner zone of the Mecklin Wood outcrop 

were undoubtedly normal d o ler ites  before they were hybridized ,  

■‘•hey have been l i t t l e  affected  by metasomatism and stilli retain  

^heir  original  ophitic texture and contain primary a.ugite and 

1 ab r a d o r i t e .

The primary character orf the rest  of the hybrid rocks is 

less certa in .  Almost every specimen contains decayed and altered

P i agioclase  laths which look as though they are primary crystals .



lhe plagioclase  is  usually  within  the andesine range, about 

An36 but reaching An^g in specimen E 8 6 79 .  The constancy of 

the composition of the plagioclase  in  the hybrid rocks suggests 

that andesine was their  original  composition. I f  ’this  is  correc 

then the hybrid rocks were o r ig in a l ly  d io r ite s .

This is  supported by a comparison with the minor basic 

intrusions  associated with the Ennerdale Granophyre (see Chapter

3 ) .  These intrusions  are the same age as the basic rocks within  

the granophyre stock and would be expected to have a similar 

-Composition. They are composed of d io r ites  and m icrodiorites .

A comparison of the modal analyses of the hybrid, rocks with 

those of dolerites  from Mecklin  Wood and a microdiorite from 

the Burtness Combe laccolith  also suggests that the hybrid 

rocks h»ve been derived from d ior ites  rather than dolerites  

(see Pig .  9> 1 1 2 ) .

The plagioclase  of the original basic rocks may have been 

enriched with soda during their  hybrid ization  and changed from 

labradorite  to andesine.  Rastall  ( i b i d .  p-.P65 ) records basic 

1 abradorite  from Bowness Knott ,  but no labradorite  has been found 

in hybrid rocks other than the dolerites  from Mecklin Wood. I t  

is believed  that the balance of evidence points to an original 

-ioritic composition for the basic rocks apart from the Mecklin 

’ d o le r it e s .

The primary ferromagnesian mineral of the wiecklin Wood 

dolerites  wss augite but the id e n t ity  of the primary ferromag-

ne° i Rn mineral of the d io r it e s  is  uncertain .  Rastall  ( i b i d .p p 2 6 5
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These two sheets or s i l l s  must have been intruded along a 

Plane that is  now marked by the roof of the Ennerdale Granophyre' 

stock. This ra ises  the problem of the small masses of hybrid 

rock, for example those on Buckbarrow (pp.  75 ) ,  which are 

also associated with the roof of the granophyre stock. These 

may be remnants of small basic masses intruded along the same 

plane as the Wasdale and Bleng Valley  intrusions ,  but this  idea

Presents a questionable coincidence .

The present hybrid  masses may be ren nants of a single early

basic in trus io n .  This basic  intrusion ,  most l i k e l y  a s i l l ,  was

intruded,  in  part at least ,  along the plane now represented by

the roof of the Ennerdale Granophyre. The small masses of hybrid

rocks mentioned above are possibly  small remnants of this  single

large intrusio n .  This reconstruction of the basic mass is

shown in  Pig .  10 .

Ennerdale
Water

Iron Crag Cawfell River
Bleng

The Roof of the Ennerdale Granoph^nre Stock

Original 
Basic 
Int rusion

FIG. IO.
D , . t ^.rniinn of the Orig inal Basic Intrusion of the Ennerdale Granophyre: S^Wdlggrammatic.
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V . TIIS MAIN GRANOFHYHE.

1 .  Introduction.
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• ^ i n  G r a n o p h y r e  i t s e l f .

2. F ield  R e la t io n sh ip s .

Fhe present survey of the edge of the Ennerdale Granophyre 

h^s confirmed Ward 's  survey, except for a few d e t a i l s .  Ward 

shows a large granophyre dyke heading north-eastwards from 

° t a r l i n g  G i l l  to the summit of Starling  Dodd. In  the mapping 

° f  this  'dyke '  Ward connected an exposure of white granophyre 

Rt the head of S tarl ing  G i l l  to an outlier  of andesitic lavas

I
n«ar the summit of Starling  Dodd.

According to W ard 's  mapping, the outcrop of the Main 

iranophyre in  the v i c i n i t y  of Windsor Farm in  Wasdale extends 

westwards as far  as Turdypack G i l l .  The present w o t k  shows that 

Vard m is id e n t i f ie d  rhyolit ic  lavas near lewtree as granophyre, 

because the granophyre outcrop only extends about 100 yards west 

of Windsor.

An in l i e r  of granophyre in volcanic  rocks is  shown by Ward 

in Windgate Wood (G .R .  112033)  about 500 yards west of the edge 

°* the main outcrop of granophyre. Normal granophyre, however, 

has been found in Stonehow Wood (G .R .  1 1 4 0 3 6 ) ,  and it  is  believed 

that the granophyre outcrops of Windgate and Stonehow Woods are

actually in the main granophyre outcrops. The edge of the 

granophyre passes from Windgate Wood northeastwards to kidbeck 

!}°w, almost parallel  to the margin mapped by Ward but about 500 

.yprds to the north-west.



Rastall  in  h is  description  of the edge of the granophyre 

suggests that the faults  on Haycock and Tewit How mapped by 

Ward are non-existent.  This view, however, is  incorrect .  The 

deta iled  description  of the western edge of the Ennerdale 

Granophyre by the Geological Survey has also been largely  

confirmed by the present work.

The Mf’in  Granophyre is  intrusive  into the Skiddaw Slates ,  

the Borrowdale Volcanic Series  and the hybrid rocks of the 

Ennerdale Granophyre. The contact between the Main Granophyre 

and the Skiddaw Slates  is  well exposed on the south side of 

Herdus and in places along the north side of Gale F e l l .  The 

Skiddaw Slates  are veined by the granophyre, the ve in ing  

commonly being controlled by cleavage planes in  the slates

( Pig .  1 1 . j .

The Main Granophyre in  contact with the Borrowdale Volcanic 

Series  is  best exposed along the south face of Buckbarrow, but 

can also be seen in  some r iv e rs ,  for example the L i z a  and Low 

Beck in Ennerdale .  Several horizontal lenses of lavas occur 

in the Main Granophyre on High Birkhow (G .R .  1 4 1 0 4 3 ; .  These 

lenses are believed  to be the remnants of the volcanic  roof  of 

the granophyre which has been separated into wedges by s i lL s  of 

granox>hyre.

The relationships  between the Main Granophyre and the 

hybrid rocks of the Ennerdale Granophyre are fully  discussed
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Pig .  1 1 .  Veins  of Granophyre intruded along 

Jo in ts  in Skiddaw S lates ,  Herdus .

River I rt

enner'dale..'-' QUARjn 
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Pig .  1 2 .  Geological  map of the V i c i n i t y  of 

Easyraite  Farm, Wasdale.

Scale. S ix  inches equals one mile .



The Main Granophyre has been intruded by the late acidic 

lri -rusions of the Ennerdale Granophyre ( Chapter V I ) .  There is 

some evidence that east of Easthwaite Pram in  Wasdale the Eskdale 

Granite also is  intrusive  into the Main Granophyre. Unaltered 

“■skdale Granite  is  exposed in  Greathall  Gill ,  and on the h i l l s i d e  

to the west ( F i g .  1 2 ) .  One hundred and twenty yards west of 

Greathall  G i l l  shatt ered quartz porphery, a marginal variant of 

the E s k d a l e  Granite  crops out in  the Easthwaite path. Main 

'JrrQn°Phyre crops out 120 yards further west in the path and 

60 yards to the north-west below the path. The quartz porphery 

ls believed  to be a selvage of the Eskdale Granite  chilled  against 

the E n n e r d a l e  Grpxiophyre. Similar  marginal quartz porphyry is 

f ound to the east,  adjacent to the Pens End Fault .

Additional  evidence that the Eskdale Granite  is  intrusive 

l n t o the Ennerdale Gra.nophyre is  provided by the way that the 

edge of the granite cuts across the contact between the Main 

Granophyre and the Borrowdale Volcanic Series  at right  angles.

^he only other way these relat ionships  could be explained would 

k® i f  the edge of the Eskdale Granite was a fauLt.

The outcrop of the Ennerdale Granophyre has been divided 

by  remnants of its  roof into three main partsj The Buttermere, 

the Main or Ennerdale ,  and the Wasdale outcrops. Rastall  has 

described a series  of regular variations  in the granophyre from 

®ach of the outcrops ( i b i d .  pp. 2 7 0 ) ;  "Near the margin of the



l a c c o l i t e  the rock shows a structure nearly approaching that 

0 f the normal acid Plutonic rocks with scarcely a trace of 

g r a p h i c  intergrowth;  a short distance from the margin graphic 

structure begins  to make i t s e l f  ma.nifest, at f i r s t  very imper­

fect and irregular  type;  and, as we approach the centre of the1 

v is ib le  mass, this  intergrowth becomes continuously finer  in 

texture,  and of increasingly  perfect micropegmatitic 

stru c ture . "

Rastall  believed  that each outcrop represented a separate 

la cc o l ith  and that the variations  in the Main Granophyre were 

due to la cc o l ith ic  d i f fe r e n tat io n  in these la c c o l it h s .  His  

interpretation  o€ the structure of the Ennerdale Granophyre is 

incorrect ,  for the intrusion  is  a stock (see pp. /9?  ) .  The 

texture of the Main Granophyre actually var ies  from coarsely 

roicrographic at the edge to f in e ly  micrographic in  the core of 

the stock. The f in e st  gmnophyres are, therefore ,  found in the 

most deeply eroded parts of the stock.

The granophyre in the Buttermere outcrop, when examined in

the f i e l d ,  is  a uniform fine pink rock containing  numerous

white feldspar  phenocrysts about 2 x 1  mm. in  s i z e .  I t  is

commonly discoloured to a pale grey colour near the margins of

the outcrop, for example near Scale B r id g e .  The granophyre at

the north-west side of Gale Fell (G .R .  136 169)  is  a dark

P u r p l i s h - g r e y  c o l o u r  and  i s  much more b a s i c  i n  a p p e a r a n c e  t h a n  

n o r m a l .



The Buttermere outcrop is  largely  composed of a coarsely 

micrographic gr»nophyre, but in  L ing  Comb, nhere the granophyre 

has been deeply  eroded, the texture of the granophyre is  much 

f in er .  fhe dark purplish-grey granophyre on Gale Fell is  a 

coarse granophyre in which the feldspars  have been altered to 

Ser i c i t e .  Rastall  ( i b i d .  p.  261) called  this rock a greisen .  

ihe small mass of granophyre in  Burtness Wood is  also composed 

° f  a coarsely  micrographic granophyre. A true microgranite with 

no micrographic  texture has not been found in  the Buttermere 

°utcrop .  a  specimen (E 9210)  from 200 yards west of Scale 

!’orce shows the Main Granophyre, here a coarsel-y micrographic 

granophyre, in contact with the Skiddaw S la t e s .  A contact 

selvage of the granophyre about three millimetres wide and 

small veins  from the granophyre are microgranitic  in texture.

The Ennerdale outcrop is  composed of a uniform rock similar 

to that of the Buttermere outcrop. Variations  in  the granophyre, 

other than in  colour, are rare .  Much of the granophyre on Side 

1u Ennerdale is  a pale grey colour, while that on Lingmell is  a 

P art ic u lar ly  bright pink. Rastall  has described fel-sitic  

var iat ions  from S ilver  Cove and Revlin  Crag, but these are most 

l i k e l y  the late fine grained microgranites of Deep G i l L ,  and the 

Anglers Crag dykes. The granophyre adjacent to the contact 

across the summit of Herdus is  a white m icrogranite . Veins of

similar  rock trending parallel  to the contaot occur in  normal



Pink granophyre some sixty  yards from the contact (G . R . 121163)  . 

hollingworth  ( i n  Eastwood, et a l , 1931 ,  pp. 48) points out 

t the Main Granophyre on the summit ridges of Boathow, Iron

Cr*»
g and Cawfell  is  a d i s t in c t l y  porphyritic microgranite . tie

suggests that this  microgranite is  a marginal facies  of the Main 

Gr
arrn °Phyre that was formed just  under the granophyre roof.  The 

microgranite actually  grades down into coarse granophyre and 

the edge of the microgranite outcrop cannot be mapped in the

x» • _

leld with any accuracy. I t s  approximate extent,  determined by 

raicroscopic examination of selected specimens is  shown on Map 1 .

mi
summits of S i lv er  Cove and Boathow Crag are composed of very 

C0F;rsely  micrographic gr«nophyre.

The Main Granophyre in  the area between S ilver  Cove and 

R o ck dale  Head, including  the summit plateau of Cawfell is  

°°mmonly f in er  grained than normal. This fine grained granophyre, 

ln most places,  appears to be merely a variant  of the normal 

gr^nophyre but below Red Crag a fine granophyre is  veining  the 

normal grsnophyre. The fine grained grajiophyre resembles some 

° f  the late fine  grained microgranites (see pp.146-9 ) and may 

Possibly  be related  to them.

Erosion  of the Main Granophyre has been greatest  in 

^nnerdale.  Granophyre at the head of Ennerdale Water is over 

1000 feet  below the roof of the stock and is  close to the centre 

° f  the stock. As one may expect the f in e st  micrographic textures



ln ^nnerdale  Granophyre is  found in this  area. The micro>- 

g ^ 'ph ic  texture of the granophyre becomes progressively coarser 

s the margin of the granophyre is  approached. The texture of 

the granophyre over most of the Ennerdale outcrop is  medium to 

c° arsely  micrographic .  The complete loss of micrographic 

texture appears to be restr icted  to places under the roof,  for 

9X ,,17:)Ie iierdus and Iron  Crag. A continuous section showing the 

r -nge in texture from the f in e st  micrographic to a microgranitic 

texture is  d isplayed  in  Ennerdale between Mart knott  and the 

summit of Iron  Crag. The g-anophyre adjacent to the walls of

4. v

e stock tfinds to be a f a i r l y  coarsel-y micrographic granophyre.

The M ain Granophyre of the Wasdale outcrop and the smaller 

°utcrops near Windsor Farm and on Buckbarrow Moss has been 

hardly eroded at a l l .  I t  mainly consists  of microgranite and 

c°a rs e ly  micrographic granophyre. The granophyre near Wasdale 

^ a l l  and at the junction  of the two main roads (G.ii. 151054)  has 

lost its  primary texture due to intense granulation  related to 

fault  movements. Wasdale Hall  is  almost along the line  of the 

-* ens End - Greendale fault  and the granophyre at the road junction  

ls traversed by numerous north-west, south-east crush be lts .

3. Petro^r^ohy .

The appearance of the Main Granophyre in hand specimens 

ls very uniform and is  barely  affected  by i t s  microscopic 

textural v a r ia t io n s .  I t  is  a fine  pink granitic  rock sparsely

4>-|
-*-ecked with a dark green c h lo r it ic  mineral .  Stout prisms of



white fe ldspar  about 2 x 1 ram. in  size  which tend to stand 

°ut against  the f ine  pink matrix are very  common. Small grains 

01 yellowish-green epidote are common in most specimens. The 

mr.3or macroscopic v ar iat io n s  within  the Main Granophyre, which 

are mainly v ar iat ions  in  colour,  have been described with the

field r e la t io n s h ip s .

The v ar ia t io n s  in  the textures of the Main Granophyre 

cpu be e a s i l y  seen in  polished specimens stained with sodium 

( o b a lt in itr i te  . Pota.sh fe ldspar  is  bright  yellow and picks out 

any raicrogranhic  intergrowth present.  The white feldspar 

Phenocrysts are c h ie f l y  plagioclase  for they are not stained.

M icroscopically ,  the Main Granophyre, as described above, 

Varies  from an extremely f ine  granophyre to a microgranite in 

texture.  The fine granophyre has a matrix largely  made up of 

an extremely fine  micrographic intergrowth of quartz and fe ld ­

spar in which are set numerous feldspar  crystals .  Scattered

4. U

r °ugh the matrix are irregular  clots of ferromagnesian minerals 

and iron  ore.

The majority  of the feldspar  crystals  are subhedral prisms 

UP to thr ee millimetres long, but averaging 1^5 mm. in length,  

°ommonly occurring in glomeroporphyritic groups. The feldspar  

Cry s t * i s are not true phenocrysts for the feldspar  in  the 

raicrogrpphic intergrowth in the matrix is  opt ica lly  continuous 

0ver areas as large as the c rysta ls .  The crystals  vary in

i m p o s i t i o n ,  some are composed of p lagioclase ,  others are



composed e n t ir e l y  of microperthite .

The fe ldspars  from the Main Grranophyre are dealt  with in 

ome detail  in  Appendix The plagioclase is  dominantly

° l ig o c l a s e ,  about An^ , but albite  is  probably also present.

“ igh temperature oligoclase  probably occurs in the cores of 

some cry sta ls .  There appears to be two generations of plagior- 

C1 ’ se crysta ls  in  the granophyre. The younger generation are 

Very Iresh  and have c lear  twinning ,  while the older generation 

are corroded, have thick mantles of perthite and their  twinning 

ls  faded.  The potash fe ldspar  is  mainly microperthite but 

°rthoclase  may occur, and there is  some ind icat ion  that anor- 

^hoclase is  also present in a few crystals .

The mantles and crystals  of microperthite were partially

.p
ormed by metasomatism of primary plagioclase crystals ,  but it  

ls l i k e l y  that some rre primary. This feldspar  is  commonly in 

°Ptical  co n tin u ity  with that of the micropegmatite, suggesting

that the crystals  formed centres of c r y s t a l l i z a t i o n  for the 

micropegm atite . The interfaces  between the microperthite 

Crystf>ls or mantles and the micropegmatite are commonly perfectly  

euhedral .  The feldspar  of the micropegmatite around some 

Crystals  can be seen to be assuming an euhedral outline ,  

apparently expelling  quartz from the micropegmatite to form a 

Crystal  edge.  (Photos .  16 and 1 7 ) .  Some of the perfectly  

euhedral crystal faces may have formed in this  way.



The matrix of the gr^nophyre consists  predominantly of 

mifropeg m etite , together with small crystals  of quartz and 

f e l d s p a r . The feldspar  in the micropegmatite is  a micro- 

Pe r t h it e .  , The micrographic intergrowth of quartz and feldspar 

ls extremely fine in places and possibly  becomes sub-micro scopi 

re are three main types of intergrowth :-

i)  Para lle l  plates or rods of quartz and feldspar 

which' give a herring-bone e ffect ,  when two 

crystals  meet, 

i i )  Orientated  tr iangles  or hexagons of quartz in 

fe ldspar .

xi i )  I r re g ula r  c e l lu lar  intergrowths.

Almost all  the quartz in  the granophyre occurs in the 

micro pegmatite , but a l i t t l e  occurs in anhedral crystals  

between Q . I .  and 0 . 8  mm. in  diameter. These crystals  occur 

ln g/oups which tend to be in t e r s t i t i a l  to the feldspar  crystals 

and the areas of micropegmatite. Their  i n t e r s t i t i a l  occurrence 

Suggests that they represent the last  s i l iceo us  residuum of the 

granophyre magma. The quartz is  fu ll  of l iq u id  cav it ies  about 

0*005  mm. in diameter,  containing gas bubbles and crystals .  The 

liquid, c av it ies  tend to be arranged in  l ines  and iiastall ( i b i d .  

T)r>* 258) suggests that the l ines  are parallel  throughout all. the 

quartz crystals  in  a specimen. This is  not very obvious.

The ferromagnesian minerals occur in clots  about one 

miH i m e t r e  in  diameter.  The commonest ferromagnesian mineral
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is  brown b io t i t e ,  in  flakes  about 0 . 2  ram. long, altered to 

varying degrees to green c h lo r it e .  ; green amphibole, 

probably hornblende occurs in  crystals  about 0 . 3  mm. in 

diameter,  but is comparatively/rare. The b iotite  is  c learly  a 

late  mineral and is  probably derived from an e ar l ier  mineral,, 

possibly  a u g ite , as suggested by Hollingworth (1 9 3 1 ,  pp. 5 2 ) .

The b id ite  appears very rarely  to be pseudomorphing a prismatic 

m in e ra l .

Iron  dre,  in anhedral crystals  up to 0 . 2  mm. in  diameter, 

is  commonly altered to leucoxene and haematite.  ihis  shows 

that both ilmenite and magnetite occur as primary ores. Ras­

tall  and Wilcockson (1917 )  give the characteristic  iron ore of 

the granophyre as pyrrhotite ,  but no pyrrhotite has been found, 

despite an intensive  search of thin  sections ,  polished specimens

and hepvy mineral separations .

Accessory minerals of the granophyre include epidote,  

s e r ic i t e ,  a p a ~ ~ t i t e ,  zircon and sphene. The epidote ,  sericite  

and sphene are a lteration  products and vary in abundance with 

the degree of a lteration  of the specimen. The apatite ,  zircon 

and iron  ore a r e  c h a r ac t e r is t ic a l ly  associated with the ferromag- 

nesian  minerals,  and the minerals of this  association  are 

believed  to have been the f i r s t  to c r y s t a l l i z e .  The later  

growth of the fe ldspar  crystals  and micropegmatite pushed the 

early  minerals aside until  they were concentrated in the present 

i n t e r s t i t i a l  c lots .



i’here is  a continuous textural  var iat io n  in  the Main 

nophyre from the f in e st  granophyre described  above to a 

micro g r a n it e . In  a section through the textural series  the fine 

Sr "noohyre grad ually  gives way to an intermediate granophyre in 

which the micropegrnati te is  coarser and there is  l i t t l e  d i f f i c u l t y  

ln d i f f e r e n t i a t i n g  between its  component minerals .  The inter­

growth of quartz and fe ldspar ,  however, remains f a ir l y  complex. 

This intermediate gr-mophyre is  the commonest rock type in the 

Main Granophyre ( Phot® l i b )  .

The micropegmatite becomes s t i l l  coarser and the in te r ­

mediate granophyre changes into a coarse granophyre (Photo, l i e ) .  

The raicrographic intergrowth is  no longer centred on feldspar 

crystals  and is  r e la t iv e ly  simple. As the intergrowth becomes 

simpler the texture of the rock becomes m icro g ran itic .

The microgranites (Photo, l i d )  are s l ig h t l y  porphyritic 

with feldspar  phenocrysts about 2 x 1 mm. in  size  set in a 

matrix  of quartz and feldspar  crystals  about one millimetre in 

diameter.  Clots of ferromagnesian minerals and iron ore are 

scattered through the rock. The matrix is  larg ely  composed of 

^nhedr^l crystals  of microperthite ,  plagioclase  and interst it ia l ,  

qua.rtz with some subhedral prisms of plagioclase .  The phenocrysts 

are comoosed of a core of plagioclase mainly oligoclase ,  with a 

thick mantle of microperthite .  The ferromagnesian minerals are 

similar  to those in  the fine  granophyre except in specimen

u 8769  from Windsor Farm, where clots  of small green biotite
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Photo .

Fine Granophyre . Stair  Knott ,  Ennerdale .  E 8 7 b r7.

Note the fine  complex micrographic intergrowth of quartz

and fe ldspar .

Photo, l i b .

Intermediate Granophyre, Bleaberry Tarn, Buttermere E 9207 .  

The micrographic intergrowth of quartz and feldspar is  

coarser and simpler than in iJhoto. 1 1 a.
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P h o t o . 1 1 c .

Coarse Graaophyre. Burtness Wood. Buttermere. E 9313 .  

The intergrowth of quartz and feldspar  is  very simple.

Photo, l i d .

Microgranite . Eron Cr*ag E93  IP

The intergrowth of quartz and feldspar  is  almost absent.



TABLE I

FII\TE GRANOPHYRES INTERMEDIATE
GRANOPHYRES

MICROGRANITES

E8757 E8758 E8759 E6768 E92I3 E93I5 E8769 E930 5 E93I2

Quartz 29.6 28 .5 27 .5 29 .9 28.2 3 V .5 27 .1 31 .9 28.8

K . Feldspar 
+ Perthite

59.1 63 .9 53 .9 6b. 7 65.1 *+5.9 56.^- ^-5.6 5^ .9

Plagioclase 7.0 5.3 13 .3 2 .9 1 .7 15 .9 10 .7 18 .7 12.8

F e r roma gne s i an 
Minerals

5.0 1 .8 >+.0 0 .9 2 .7 1 .5 h.b 0 .9 2.6

Iron Ore

Epidote

Sericite

1.0 0 .9

0 .6

0 .9 0 .9 

0 .7

1 .8

0 .2

0 .7

1.h

0 .9

o .5 0 .5

2 . 1+

0 .8

0 .2

B8757 Stair Knott, Ennerdale.
E8758 Sail H ills , Ennerdale.
E8759 Woundell Beck, Ennerdale.
E8768 Boathow Crag, Ennerdale.
E92I3 Far Ruddy Beck, Buttermere,
E93I5 Buckbarrow Farm, Wasdale.
E8769 Windsor Farm, Wasdale.
E930 5 Herdus, Ennerdale.
E93I2 Iron Crag, Ennerdale.

G .R . 12611353 
G . R .  12^01313  

G .R .  13201372 
G . R .  10751332 
G .R .  16021660 
G . R .  1 3 530^38  

G . R .  121*4-0 571 
G .R .  12111639 
G . R .  125311^3
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flakes hove la rg e ly  changed to green p e n m m t e  

changed back to brown b io t ite  around the margins. This

• x • j- hove been caused by reheating by,
regeneration of b io t ite  may

a local resurge of the granophyre ma ,̂

The mineralogy of t h e  Main G r a n o p h y r e  has

affected  by the v a r i a t i o n  i n  texture .  Modal analy

s e v e r a l  specimens of Main Granophyre are given  in  Table 1 .

The m a j o r  changes in  the mineralogy are m  the feldspars.

amounts of microperthite  and plagioclase  vary invers y,

amounts of total  feldspar  remaining approximately constant

/ 1 + o-P the plagioclase  in the pheno.-
( P i g .  1 3 ) .  This  is  the result  of the p 0

in the formation of perthite
crysts being  changed to perthi

mi. uni nf plasioclase  in  a specimen
mantles and c r y sta ls .  The amount

• o e r th it i z a t io n .
is  dependent on the intensi  y

Rastall  ( i b i d .  PP. 261)  has described a greisen  from the

Main Grnnoohyre et the west end of Cale Pe ll .  In  hand specimens

wi i ch-ffreen, but under the micros 
the rock is  coloured a dark purplis 0

, , e _ norraal coarse granophyre in which 
scope it  can be seen to be _

• 4.n The decree of s e r i c i t i — 
the feldspars  are altered to serici  .

_ - -1 aces i t  is  complete. The pLagio*- 
zation  is  v a r i a b l e ,  but P

r M o  +n se r i c i t i z a t i o n  than the perthitic  
clase was more susceptibl

+ a l .  have s e r ic it ize d  plagioclase cores 
feldspar  and some crystals

• The clots of ferromagnesian
and unaltered  perthitic  margin .

, /p 9205- E 9206)  are commonly crossed 
m i n e r a l s  in  these rocks (E 9^UO,

orientated in three d irect io n s ,  
by l in e s  of leucoxene dust o n e
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These d irect ions  are believed  to be the r e l ic s  of crystall- 

ographic d ir e c t io n s ,  cleavage or twinning, of the original 

^erromagnesi an mineral .



CHEMICAL ANALYSES

TABLE 2 

NORMATIVE ANALYSES MODAL ANALYSES

s io2

Ti0 2

a i2o 3

Fe^O^

FeO

MnO

MgO

CaO

Na20

k 2o

H20 +

610 611 610 611 610 611
E8757 E9312 E8757 E93I2

7 2 . 8*+ 73 .1^ Quartz 27 .2*+ 29.0 Quartz 29 .6 28 .8

0 .2̂ - 0.36 Orthoclase 29 .^ 29.6 Perthite 59.0 5^ .9

13 .95 13.13 Albite 3^ .7 33 .8 Plagioclase 7.0 12 .8

0 .9 8 Anorthite ^ .5 2.2
I . :*+3

0 .8 1 Corundum 0 .2 0 .3

0 .0 5 0 .0 Hypersthene I.b 1.2 Ferromagnesian 5*0 2 .6
Minerals

0 .*+3 0 .*+2 Magnetite 1.0 i.b Iron Ore 1 .0 0 .8

1.0^- 0 .61 Ilmenite 0 .5 0 .7

If. 10 ^ .00 Apatite 0 .2 0 .3 Rest 0 .2

if.98 5.01 Chemical Analyses by Margaret H. Kerr.

0 .78  0.98

0 .1 2  0 .2 7

0 .10  0 .1 2

Total 100.0 5 99 .87

h 2o -

p2°5

§aaalBaa-E2ZSZx 610 . p ine Granophyre from Stair Knott, Ennerdale 
The ratio Fe0:Fe20o could not be determined. In calculating the 
normative analyses it has been taken as 50: 50, similar to 
analysis 611.

Sp.ec.ijmejn_.E23.l2a. 6 ll . Microgranite from Iron Crag, Ennerdale.

1
3

8



i 'etrochemistry.

The chemical,  normative and modal analyses of specimens

fine granophyre and microgranite,  are given in  Table 2.

The analyses show that ther e is  no s ig n if ican t  difference  

between the two rocks. The high  normative and low modal 

Plagioclase  f ig u re s  are due to much of the plagioclase occur­

ring in  m icroperth ite .

The close chemical resemblance between the two rocks, 

and the ir  geat  textural d if ferences  raises  the problem of 

the origin  of the textures .  The origin  of micropegmatitic 

texture is  in  some dispute ,  but it  is generally  assumed to b&  

f ormed by simultaneous c r y s t a l l i z a t i o n  of quartz and feldspar 

under some tyoe of cotectic  conditions (see  Firsman, L931 ,

PP. 8 6- 97 ) .  The d ifference  between the textures of the 

gr»nophyre and microgranite of the Main Granophyre, however, 

cannot be exolained simply by a d ifference  between cotectic 

and none-cotectic compositions, for these rocks have practically

the same composition.

The compositions of the microgra.nite and granophyre from

the Main Granophyre are shown in  F ig .  14A, on a contour 

diagram i l l u s t r a t in g  all the analysed plutsnic  rocks in  the 

Washington 's  Tables that carry more than 8 0 $  Ab+0r4- Q (after 

buttle and Bowen, 1958 ,  pp. 7 9 ) .  This shows the s im ilarity



A Contour Diagram i l lu s t r a t in g  the d istr ib u t io n  of normative 

Albite ,  Orthoclase a,nd Quartz in all (571)  the analyzed plutonic 
rocks in Washington 's  Tables that carry 80 °/o or more normative 
Ab Or Q. Contours more than 1 , 2 , 3 , 4 , 5 , 6 - 7 ^ .  0 . 2 5 ^  Counter.

Isabaric  equilibrium curves for water vapour pressure of 
1000 Kg/cm^ in the system Na AlSigOg - ivAlSigOg - SiO£ - HgO. 

"-el ations projected onto an hydrous base of tetrahedron.



between the granophyre and microgranite , and the similarity  

between these two, and the majority of other acidic  plutonic 

rocks. In  the l ig h t  of this  s im ilar ity  of compositions of 

acid plutonic rocks ,  their  textures c learly  cannot be dependant 

0n compositional d i f fe r e n c e s .

The c r y s t a l l i z a t i o n  h isto r ies  of the specimens of the 

iViain Granophyre, assuming that their  analyses represent the 

composition of the original  magma, are shown in Fig .  14B (a fter  

m t t l e  and Bowen, F ig .  3 1 ) .  The microgranite would precipitate 

feldspar crystals  with an Or content greater than T( 54 $)  and 

the composition of the l iq u id  would change along the line Or

At R the feldsnar of composition T would crystallize  out 

with quartz ,  and the l iq u id  would change its  composition to M. 

iierefeldspar of composition N (5 4 $ 0 r )  would c rysta ll ize  out with 

quartz until  the l iq u i d  was exhausted. The granophyre would 

cr y s t a l l i z e ,  precip itating  feldspar  of composition N until  the 

remaining l iquid  reached M, when <*i artz would also crystallize? 

until  the l iq u id  was exhausted.

The range of compositions of the theoretical  microperthites 

from below 46$  up to 55$  Ab agrees very well with the observed 

range in  composition of microperthites in the Main Granophyre 

( Appendiz I I I  2 ) .

The ratio  of modal quartz to modal feldspar  in the 

micropegmatite of the fine  granophyre is  approximately 4 2 . 3  to 

5 ^ . 7 ,  which corresponds with the theoretical ratios of mixtures



° '  the ternary eutectic  M at low hydrostatic pressures. The 

theoretical  ratios  are ( i b i d .  F igs .  22, 23 and 2 4 ) : —

PHgO 500 k g /S q .C m .  Quartz: Feldspar 3 9 . 5  : 6 0 .5

P^gO 1000  Kg /Sq .Cm .  Quartz: Feldspar 3 7 . 2  : 62 .8

PhgO 2000 K g /Sq .C m .  Quartz: Feldspar 3 4 .5  ; 6 5 .5

rni

e d ifference  between the modal ratio and the theoretical  ratio 

pt 500 K g /S q .C m .  is probably within the experimental error of 

the point counting to find the modal ratio .

The experimental work of Tuttle and Bowen does not 

explain  why the primary phenocrysts are of oligoclase-andesine 

C°m °os it ion .  At high pressures there are separate potash and 

s°da  feldspar  f ie ld s  ( i b i d .  pp. 71) but the Main Granophyre fa lls  

ln the potash fe ldspar  f i e l d  and would be expected toi precipitate 

Potash feldspar  phenocrysts, not plagioclase .

The above experimental work shows that there has been no? 

great d ifference  in the c r y sta l l izat io n  h istories  of the 

granophyre and m icrogranite .  The cause of the differences  in 

their  textures must therefore be something that does not show in 

sUch experiments. Two such factors  are the rate of cooling of 

the rocks and the quantity  of v o lat i le s  in the rocks.

The rate of cooling of an igneous body would be expected 

to be roughly proportional to their  sizes ,  yet the Ennerdale 

and Eskdale intrusions  of similar size ,  have completely d i f ­

ferent textures .  In  general ,  both intrusions  with granitic  and 

granophyric textures have a wide range in s ize .  The rate of



cooling in  the rocks i s ,  therefore ,  unlikely  to be the cause 

of this  d ifference  in texture between the granophyre and the 

microgra.nite of the Main Granophyre.

I f  this  is  so, then the main factor a ffecting  the texture 

of granitic  rocks must be the concentration o± v o lat i le s  in 

the rock. A high concentration of vo lat iles  in a magma could 

act in two ways. I t  could encourage, or it  could in h ib it  the 

magma from c r y s t a l l i z in g  in a granophyric texture .  The charac­

t er ist ic  occurrence of granophyric texture in the late acidic 

d i f fe r e n t ia te s  of basic intrusions ,  where one would also 

expect a concentration of v o la t i le s ,  suggests that volat iles  

encourage a rock to c ry sta l l ize  as a grano >hyre.

This is  also supported by the zoning of the Main Grano­

phyre. huring the s o l id i f i c a t io n  of a granitic  intrusion  one 

would expect the v o lat ile s  in  the magma to be gradually  con­

centrated in  the magma st il l  remaining l iq u i d ,  until  they were 

released to form pegmatites or metasomatizing agents.  The core 

of an intrusion  would be the last  to s o l id i f y  and in the 

Ennerdale Granophyre it  is  the centre of the stock that is 

composed of the most f in e ly  grahed granophyre. The small amount 

of microgranite in the Ennerdale Granophyre suggests that the- 

i n i t i a l  concentration of v o lat ile s  in the magma was almost 

high enough to promote c r y sta l l izat io n  in a granophyric texture.

The zoning of the Main Granophyre could, however, be taken 

to support the opposite view  that the presence ot vo lat iles  

in h ib its  the formation of granophyric texture, and that the 

texture of the microgranite under the roof of the Ennerdale



Granophyre is  the result  of such an enrichment in  v o lat i le s .  

The v o l a t i l e s  of an intrusion  may dif fuse  through the magma 

Prior to s o l id i f i c a t io n  and become concentrated under the ro 

in a similar  manner to the concentration of v o lat ile s  from

Petroleum under the roof of an oil trap .

The method of control of the texture of granites  by

v o la t i le s  is  unknown.



V I .  THE LATE MINOR ACIDIC INTRUSIONS OJ? THE ENNERDALE

GRANOPHIRE.

j-» Introduction .

Numerous fine grained acidic intrusions  occur associated 

with the Ennerdale Granophyre. The rocks of these intrusions 

include microgranites ,  f e ls it e s  and granophyres. The relation ­

ships between the various minor intrusions  are uncertain ,  but 

the intrusions  are discussed together because they are all 

younger than the Main Granophyre.

The largest  of these intrusions  occur within  the Ennerdale 

Granophyre stock. A marginal intrusion  of porphyritic fine 

grained microgranite crops out in  the v ic i n i t y  of Stockdale 

Moor between the Main Granophyre and the Borrowdale Volcanic 

Series .  An irregular  mass of similar microgranite with a core 

of fine  fe ls ite  is  exposed in Deep G i l l  in Ennerdale .  Holling- 

worth (Eastwood et a l , 1931 ,  pp. 5 3 ) ,  has described  a series of 

microgranite dykes on Stair  Knott and Mart Knott in Ennerdale .

Late intrusions  of fe ls it e  or fine granophyre are associated in 

Places with the junction  between the hybrid masses and the Main 

Granophyre, for example on Bowness Knott .

Late acidic s i l l s  and dykes are usually  composed of 

rhyolitic  f e l s i t e .  They do occur within  the granophyre stock, 

but are most common around the edge of the stock. They are 

concentrated in three areas, in the Burtness Intrusive  Complex, 

°u Bowness Knott and Crag Fell ,  and on Middle f’e l L  in Wasdale.



2. The Pine Grained Microgranites._

A.___Field Relationships.

The largest  outcrop of fine microgranite in  the Ennerdale 

Granophyre occurs in the v ic i n i t y  of Stockdale Moor. The 

microgranite l i e s  between the Main Granophyre and the Borrow­

dale Volcanic  Series in a wedge shaped outcrop which extends from 

the Bleng V alley ,  north-north-westwards to Worm G i l l .  The area 

between the Bleng V alley  and Cawfell Beck has been described

by HollingwPrth  ( in  Trotter et al ,  1937 ,  Pig. 6 ) ,  who- has te
Into f 0 U "  :.ypos, a na-ginal  povphyrltio pioroi.r-n.., 

sub-divided the microgranite/  a semi-marginal porp y n  ic

granophyre, a f ine  grained microgranite,  and a massive grano- 

phyric f e l s i t e .  so evidence has been found during the present 

work to d i f fe r e n t ia te  between the f i r s t  tnree types.

.The microgrimite i^best  exposed in Cawfell Beck where it  

extends from the Main Graiophyre, approximately 400 yards below 

Pearson 's  fold ,  to the Borrowdale volcanic Series  some 1100  yards 

down stream. A porphyritic ,  fine grained,  ourplish-grey mic- 

ro g r an ite , similar  to that in  Cawfell Beck crops out at the, 

junction  of Worm G i l l  and Long Grain ,  and in  a small stream

r-.- , (r D 1 0 2 0 1 0 7 5 ) .  There are noi exposures
540 yards to the south (G .R .  l « ^ u i u / u / .

r • i i faw fe ll  Beck, but the micro­
in the area between Worm G i l l  and L a w t e n

granite is  assumed to extend from Cawfell Beck, northwards into  

the Main Granophyre, in  a wedge which pinches out near the 

Intake Works in Worm G i l l .

The outcrop of microgranite extends wouthwards in  a belt 

that gradually  widens from h alf  a mile at Cawfell  Beck to almost



a mile in  width in the Bleng Valley .  A roof pendant o>f 

andesitic  lavas ,  approximately 300 yards across, is  enclosed 

in the microgranite in Caw G i l l  (G .R .  1 0 4 0 9 1 ) ,  and on Stockdale; 

Moor the microgranite almost surrounds a mass of hybrid rocKS 

(see pp. 86 ) .  The belt  of microgranite ends against the 

main outcrop of hybrid rocks in the Bleng Valley  along a north- 

e asterly  line  along the north side of the valley .

The microgranite changes its  character on Stockdale Moor, 

north-east of the hybrid mass on Hause. The microgranite becomes 

Pink in  colour and a l i t t l e  coarser grained so that it  looks 

like  a, fine grained variant  of the normal granophyre. South­

east of the hybrid mass on Stockdale Moor the rock is  a pink 

Porphyritic f e l s i t e .

The relationships  between the various rock types are 

d i f f i c u l t  to determine because of the poor exposures in  the 

area. The microgranite is  in  contact with the Borrowdale Vol-- 

ca.nic Series  for over a mile on Stockdale Moor, but their  contact 

is  only exposed in Cawfell Beck. The microgranite here is 

ve in ing  an andesitic  lava that has been metamorphosed to a biotite 

horn fe ls .  The hybrid rocks on Stockdale Moor and in the Bleng 

V alley  are veined and dyked by microgranite.  No contact between 

niicrogranite and the Main Granophyre is  exposed north of Cawfe 11- 

Beck but the shape of the microgranite outcrop suggests that it  

is intrusive  into the granophyre. On Hause,  the junction  bet­

ween the microgranite and the granophyre is  d i f f i c u l t  to define 

because of the resemblance in  this  area between the two rock



The Main Granophyre in the area around the Stockdale Head 

and on Cawfell is  characterized by the occurrence of irregular  

areas of fine granophyre very similar in  appearance to the pink 

microgranite on Hause. There are usually  no sharp contracts 

between the fine granophyre and the normal granophyre, but in 

places ,  for example below Red Crag (G .R .  1 3 1 0 9 7 ) ,  the fine 

granophyre veins  the normal granophyre. Fine microgranite which 

rosy be related to the microgranite on Stockdale Moor, crops 

out in a strip  60 yards wide between the hybrid rocks and the 

Mpin Granophyre in  Red Beck. This strip  extends about 300 yards 

on either side of Red Beck.

A late fine grained granitic  intrusion  occurs associated 

with the hybrid rocks on Bowness knott .  This intrusion ,  which 

v ar ies  from a fine d is t in c t l y  porphyritic granophyre to a pink 

f e l s i t e ,  crops out between the Main Granophyre and the hybrid 

rocks. The reason for the association  of the late intrusion  

with the hybrids  is uncertain,  but the fine granophyre may be 

occupying fractures  which have developed between the Main 

Granophyre and the hybrids because of the d if fe re n t  reactions 

of the rock types to cooling stresses .  The fine  granophyre 

veins  the hybrid  rocks, and this  veining  appears to have been 

controlled  in part, by joints  in the hybrid rock. A very fine 

porphyritic fe ls ite  which may be related to the fine granophyre 

crops out behind a sheep pen on Brown liow (G .R .  118158)  where 

it  is  veining  the Main Gra,nophyre.

Fine pink f e l s i t ic  microgranite is  found on Latterbarrow

in ltasd«le (g .R .  1 2 4 0 3 0 ) ,  in a similar geological s ituation



to the 1 nte intrusion  on Bowness Knott .  The tine hybrid rocks 

in this  area, formerly enclosed roof pendants of volcanic lavas. 

Normal granoohyre has been intruded along the contact betwee 

the hybrid and volcanic  rocks. A later  intrusion  of pink 

f e l s i t i c  micregranite now separates the normal granophyre and 

the hybrid  rocks (Fig.  1 5 ) .  Other small masses of fe ls ite ,  

for example a pink felsite  dy*e one foot thick trending north 

20 degrees east across the south end of high Coppice, or an 

irregular  mass of pink fe ls ite  in  hybrid rocks near Great Coppice, 

(G .R .  12180324 )  may be of a similar age to the Latterbarrow

fel s i t e .

FiG. IS.

The L a t te rb a r ro w  Complex
Scale I Inch lO O yard*

Three parallel dykes of fine whitish-grey microgranite 

striking 8 degrees north of west, crop out between 600 and 900 

feet O .D .  on Stair Knott in Ennerdale. These three dy*es which 

are approximately 20 yards thick and 90 yards apart, cut a fourth



similar  dyke which is  striking  south 47 degrees east.  These 

dykes were f i r s t  mentioned by Rastall  (1 9 0 6 ,  pp. 261) and have 

been described  by Hollingworth ( in  Bastwood et a l , 1 931 ,  p p . 5 3 ) .  

Their  parallelism  suggests that they have been intruded along

joints  in the granophyre.

A fine  porphyritic pink microgranite,  very  similar to the

Pink microgranite on Hause is exposed in an irregular shaped

outcrop about h a l f  a mile across in the v ic in i t y  of Deep G i l l .

The edges of this outcrop are not well exposed, but when seen

the contact with the surrounding granophyre is  usually  sharp.

In  the middle of the microgranite outaop, is  a lent icular  outcrop

some 300 yards long, of porphyritic brick-red iel s i t e .  The

fe ls it e  is  exposed in the bed of Deep G il l  from 1100  feet to

1350  feet O . D .  The junction  between the microgranite and the

fe ls i t e  is  d iffuse  where i t  is  exposed at 1350  feet  O .D .  in

D e e p  G i l l .

B .___Petrography .

The microgranite from Cawfell Beck is  a very  fine purplish- 

grey rock containing abundant prominent subhedral prismatic 

feldspar  phenocrysts . The phenocrysts occur in gbmeropor- 

Phyritic  groups up to three millimetres in diameter, but the 

individual  phenocrysts rarely  exceed two millimetres m  length. 

The phenocrysts, which are commonly zoned with pink cores and 

white rims, are set in  a pinkish-white fe ls ic  base speckled 

with abundant femic crystals .  Rounded clots of a fine basic 

rock up to one centimetre in diameter are occasionally  found in 

the micrggrnnite .



In  specimens stained with sodium c o b alt in itr ite  potash 

feldspar  is  seen to be abundant in  the matrix. The plagioclase 

phenocrysts are commonly rimmed by potash feldspar .

hiicrograni te from Caw G i l l  (148753), is  very similar to 

that from Cawfell Beck (E 8 7 5 0 ) ;  (E7851 ;  E 8 7 5 2 ) ,  but is  less 

conspicuously porphyritic .  The matrix  is  greener in colour 

and the rock a.poears to be s l igh tly  more basic than the Cawfell 

Beck m icrogranite .

These microgranites are very uniform in appearance in 

thin  section .  The matrix is  mainly composed of quartz, 

microperthite and p lagioclase ,  with a subhedral granular texture.  

Microperthite  occurs in anhedra and subhedral prisms averaging 

0 . 3  mm. in  diameter, but reaching 0 . 5  mm. in  diameter. Plagior- 

c lase ,  oligoclase  in composition is  common in  subhedral prisms 

up to 0 . 3  x 0 . 1 5  but averaging 0 . 2  x 0 . 1  mm. in s ize .  Micro- 

granite (, E 8 753 ;  from Caw G i l l  contains more plagioclase  than 

the other microgranites .  Many of the subhedral microperthite 

prisms have developed by the introduction of potash into 

plagioclase  c rysta ls .  Quartz occurs in irregular  anhedral 

crystals ,  commonly in t e r s t i t ia l  between the feldspar prisms.

The f  erromngne si an minerals usually  occur in irregular  

clots in association  with iron ore a,nd accessory minerals.

Primary b io t ite  does occur ( 8 7 5 1 ,  S 8 7 5 2 ) ,  but it  is  most 

commonly altered to penninite .  Iron ore, including  both 

magnetite and ilmenite appears as scattered grains  about 0 .0 5

mm. in d i 'm eter  which reach 0 . 3  ram. in diameter when associated
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with the ferromagnesian minerals. The magnetite is fresh, 

but the ilmenite is commonly altered to leucoxene. Accessory 

minerals include epidote, calcite,  sphene, zircon, apatite and 

rare tourmaline. Epidote is very common as tiny granules in 

the feldspar and as pistacite grains up to 0 .1  mm. in diameter 

in the matrix. The zircon and apatite are almost completely 

confined to the clots of ferromagnesian minerals.

The plagioclase  phenocrysts are altered to se r ic ite ,  

c a l c i t e ,  p ist»c ite  and chlorite .  Determinations of their 

refractive  indices ,  extinction  angles and optic signs suggest 

that most are oligoclase-andesine but albite  may be present.

The f e l s i t i c  variant  of the microgranite which crops 

out on Sto^kdale Moor (E8755 ;  G .R .  10940974)  is  a porphyritic 

very fine pink f e l s i t e .  Set in a fine pink matrix are numerous 

white plagioclase  phenocrysts up to three millimetres in 

diameter, and numerous small femic crystals .  Rounded intrusions

of fine basic rock occur but are not common.

^he matrix of specimen 158755 is chaotic in appearance under 

the microscope. Plagioclase occurs in thin laths up to 0 . 2  mm.

long. Microperthite occurs in irregular anhedra, in inter­

growths with quartz and as laths after plagioclase. Quartz 

is  also present in anhedra up to 0 . 2  mm. in diameter. Most of 

the matrix is made up of a very fine cellular intergrowth of 

microperthite and quartz, and the intergrowth commonly being 

in the form of feathery spherulites. The ferromagnesian and 

accessory minerals are similar to those in the microgranite



f'rom Cawfell Beck. The plagioclase phenocrysts are fa irly  

fresh and occur both in interpenetrating  glomeroporphyritic 

prisms and as single subhedral prisms. 'hey are mainly 

oligoclase-andesine in  composition.

The microgranite from Hause is a similar porphyritic 

spherulit ic  fe ls ite  except that it  contains more phenocrysts 

and is  coarser grained .  Specimen E9307  (G .R .  1123098)  also 

contains numerous crystals  of fresh plat-y magnetite.

Perthite  is  more abundant in E 9307 than E 8 7 5 5 .  I t  occurs 

as rims around the phenocrysts, replacing the pheno-crysts, 

replacing  plagioclase in the matrix and in fine cellular  

and feathery  intergrowths with quartz.

The fine porphyritic microgranite from Beep G i l l  (2  9507 ;  

G .R .  13821234 )  is  p ract ically  identical  in hand specimen 

and thin  section with the microgranite from Cawfell Beck.

The porphyritic red f e l s i t e  from Ueep G i l l  (i£ 9499 ;  G1R.1398- 

1205)  is  very similar to the fe ls ite  on Stockdale Moor (£8755)  

apart from its  deeper colour. Microscopically  the spherulitic  

nature of the matrix is  more pronounced in E 9499 than E 8 755 .  

The spherulites  are approximately 0 . 6  mm. in  diameter and 

usually  have a Core formed of a small feldspar  prism. Some 

of the spherulites  are composed of radiating  feldspar but 

most are composed of feathery intergrowths of quartz and feld ­

spar.

The microgranite dykes of Mart Knott are composed of a 

porphyritic  greyish-white fine rock (E 9625 ;  G .R .  1 2 70 1 3 50 ) ,  

in  which white glomeroporphyritic plagioclase crystals  are



scattered through a p inkish  white base speckled with femic 

c rysta ls .  The phenocrysts, up to 2 .8  mm. long, in groups 

three millimetres in diameter, are composed of altered

plagioclase  laths of both albite and andesine compositions, 

and a ce l lu lar  intergrowth of untwinned plagioclase and quartz. 

Some of the feldspar  looks perth itic ,  but staining  has shown 

that there is  no potash feldspar in the rock. The usual 

accessory minerals are present.

The rocks of the late f i n e  grained intrusions  on 

Bowness Knott (£9314)  are gra-nophyres very similar to the 

normal granophyre of the Main Granophyre (see Chapter V . )  

in  hand specimen and microscopically .  The plagioclase pheno­

crysts in the late granophyre are more widely separated than 

in  the normal granophyre so they stand out prominently against 

the fine pink matrix. The fe ls ite  on Brown How (£ 8682 )  is 

composed of rounded glomeroporphyritic groups of oligoclase- 

andesine prims set in a quartzo-feldspathic mosaic. The 

crystals  in the mosaic are rounded, 0 . 2  mm. in  diameter, 

and have very complex sutured edges.

Modal analyses of microgranites from Cawfell Beck and 

Deep G i l l  are given b e lo w :-

andesine An^g The matrix is  largely  composed of ragged

Cawfell  Beck 

E 8750
Deep G ill  

E 9507

Quartz

Microperthite

2 5 . 3 28 .8

5 5 . 2 5 7 . 4



Cawfell Beck 
E 8750

Deep Gill  
E 9507

PI agiocla.se

Perromagne si an 
Minerals

1 2 . 9

3 .8

8 . 7

2.8

Iron Ore 0.6 1 . 5

Rest 2.2 0 . 9

3. Pel si tic S i l l s  and U.ykes.

A. Field  Relationships .

Rastall  ( i b i d . ,  p. 269> has remarked on the scarcity  

of acid minor intrusions  associated with the Ennerdale 

Granophyre stock. in  the present survey, however, over 

f i f t y  fe ls it e  dykes and s i l l s  associated with the granophyre 

have been recorded, many for the f ir s t  time. These f e l s i t i c  

intrusions  are concentrated in three main areas, in the Burt­

ness Combe Intrusive  Complex , on Bowness Knott and Crag Pell 

and on Middle Pell in tfasdale.

Three parallel  fe ls ite  s i l l s  which cross the burtness 

Combe Intrusive  Complex have been b r i e f l y  described above

I pp. 48  , Pig .  5 ) .  The s i l l s  vary in thickness ,  but are 

usually  between f i f t e e n  and twenty feet thick .  The lowest 

s i l l  forms a marked feature about 50 feet below the base of 

the dolerite  laccolith  in the complex (Photo. 1 2 ; .  Rastall 

( i b i d . ,  Pig.  2) shows this s i l l  joining  the middle fe ls ite  sill  

and then continuing onto the Main Granophyre outcrop. The 

lower s i l l ,  however, is  well exposed at its north-west end



pinching out and ending in two small fels ite  lenses in the 

s lates .  The middle s i l l  is  well exposed from close to the 

granophyre outcrop until  it  disappears under moraines near 

Combe Beck.  The high s ill  has been shown in part by rtard and 

R a s t a l l .  I t  can be traced from just  north of Combe Beck at 

1250  feet ,  north-westwards round the nose of High Stile  and it  

is  well exnosed in the slate c l i f f s  on the north face of High 

St ile  at sbout 2060 feet .  An intrusion  of massive pink felsite  

some twenty feet exposed near Combe Beck (G.it. 1 77751480 ;  may 

be part of a fourth s i l l .

Photo. 12 .  Pelsite S i l l .  Burtness.

Ward and Rastall  both show a fe ls ite  s i l l  extending 

south-eastwards from the south-east end of the la cc o l ith .  This 

s i l l  has not been seen in the present survey, but it  may be a  

continuation  of the upper s i l l  that is now covered by scree. 

Wards has mapped another fe ls ite  s i l l  a few feet below Low



Wax Knott ,  but Rastall  suggests that this s i l l  is  not related 

to the Burtness S i l l s .  The south-east end of the s i l l ,  however 

is  a grey flow-banded spherulitic  fe ls ite  s i l l ,  fourteen feet 

thick ,  which may well be related to the Burtness S i l l s .  The 

north-west end of the s i l l  is  a porphyritic volcanic  lava that 

Ward has mistakenly connected with the f e l s i t e .

A 21 feet  thick s i l l  of flow-banded spherulitic  fe ls ite  

cutting  the Main Granophyre can be followed from Dodd (G .R .  

1 67159 ;  south-westwards across Sourmilk Ghyll ,  almost to the 

edge of the granophyre. This s ill  has been mapped by Y»ard as 

re l ic t  bedding in  the grnnophyre. it  does not appear to be 

continuous with any of the Burtness s i l l s  but is  believed to 

be part of the middle fe ls it e  s ill  that has been displaced by 

a f  aul t .

The s i l l s  are composed of pale grey or pink fe ls it e ,  

with chilled  edges of a greenish-grey vitreous rock. rhe 

f e l s i t e  is usually  prominently flow-banded, and is  commonly 

s ph e rul it ic ,  with the spherulites  arranged along the flowbands. 

Theymay be regular and parallel  to the edge of the s i l l ,  or 

irregular  and contorted (Photo. 1 3 ) .  The regular flowbanding 

is most common close to the contact of the s i l l .  A section 

across the middle aurtness s i l l  is  as fo l l o w s ;- 

D iorite

Regular Flowbanding 1 foot 8 inches

Irregular  Flowbanding 6 feet 

No Flowbanding 7 feet



irregular  Flowbanding 2 feet

Regular Flowbanding 1 foot 4 inches.

Skidd aw Slate

The regular  flowbands of the s i l l  suggest that they dip

south-westwards at about 4 0 °  to 50 °  degrees.

Photo. 13 .  Contorted Flowbanding in Felsite  S i l l ,

Burtness .

A series of vertical  fe ls ite  dykes crop out near Bowness 

Knott and on Crag Fell  in Ennerdale.  They are/usually between 

five and ten feet  wide and trend between east-west and north­

east ,  south-west. The fe ls ite  is  pink, flowbanded and spherul- 

i t i c .  Similar fe ls ite  also occurs in s i l l s ,  for example in 

Rake Beck ( G . R . 11451604)  a s i l l ,  dipping at 70 degrees towards 

146 degrees,  gives the following section:- 

S1 ate

Very Fine Flowbanded pink
and green rhyolit ic  rock 6 inches



Coarsely Spherulitic

Pink Felsite  3 feet

Flowbanded Spherulitic
Felsite  8 feet

Slate

A  plexus df f e ls it e  s i l l s  and veins  in Skiddaw Slates  are 

exposed at the foot of Bowness Kn>tt ( G . R . 1 1 1 0 1 5 4 0 ) .  Many 

of the veins  have been injected  along cleavage planes in 

the s lates .  A fine pink fe ls ite  s ill  in  which the spherulitic  

structure and flowbanding are particularly  well developed can 

be followed for almost a mile across Scaw on the south side of 

<ireat Borne. its  arcuate trend, approximately east five 

degrees north, suggests that it  is  a s i l l  rather than a dyke.

A vertical  spherulitic  fe ls ite  dyke near Rake Beck 

( G . R .  11541597 )  cuts across a quartz vein  in the Skiddaw 

S lates .  The quartz vein  is  probably associated with the 

quartz feldspar  pegmatite veins of Brown now (see pp.P£8-9 ) .  

rhis strongly suggests that the pegmatylc phase of the Enner­

dale Granophyre predated the emplacement of the fe ls it e  dykes.

Numerous pink fe ls ite  dykes are exposed on Middle Fell 

between Greendale G i l l  and Nether Beck. Several of these dykes 

have been mapped by Ward ( S i x  Inch Map L X X I V ) . The fe ls ite  

of the dykes have commonly flowbanded but is  rarely  spherulit ic .  

The majority  of the dykes are between five and f i f t e e n  feet 

thick ,  but the largest  dyke, which can be followed from Goat 

G i l l  northwards almost to Nether Beck, is  s ixty  feet wide at 

the foot of Goat Crag, The dykes on Middle Fell form a



recti»-linear dyke swarm, for they have been intruded along 

two sets of jo ints  in the Borrowdale Volcanic Series trending 

south-eastwards and south-westwards respectively .

Hollingworth (1937 ,  pp. 6 2 . )  has suggested that the dyke 

plexus on Tewbarrow is  also derived from the Ennerdale Grano­

phyre. The proximity of Middle Fell to lewbarrow and the 

s im ilar ity  between the fe ls it e s  from the Middle Fell and 

lewbarrow dykes supports this suggestion.

Dykes of fine pink fe ls ite  are quite common in the 

v i c i n i t y  of B^tbarrow. Those exposed in Greendale G il l  

(G .R .  14370658 )  and Tongue G il l  (G .R .  14140632)  are c]early 

connected with a small outcrop of granophyre on Buckbarrow 

Moss. Similar  dykes near Cat Bields  and Glade How are 

probably derived from the Main Granophyre a short distance 

below. Two flowbanded grey fe ls ite  dykes which cut both the 

volcanic  rocks and the Main Granophyre are exposed in the 

Buckbarrow c l i f f s .  These dykes are irregular  in form because 

of the control exerted on their  intrusion  by joints  in the 

volcanic rocks. A s ix  feet wide flowbanded fe ls it e  dyke which 

also cuts the Main Granophyre crops out near Scale (G .R .  13390409) 

Four previously unrecorded dykes of pinK f e l s i t e ,  flow­

banded and spherulitic  in places, cut the volcanic  roc&s on 

the north slopes of P i l la r  (G .R .  1 3 1 7 ) .  These dykes have been 

intruded along joints  in the Volcanic rocks and strike roughly 

north-south. A similar dyke crops out on Raven Crag on the 

south side of high S t i l e .



Hollingworth ( i b i d ) ,  has described two dykes from 

Cawfell Beck which trend north-west parallel to the margin 

of the granophyre. A third  pink fe ls ite  dyke with a similar 

trend crops out in Cawfell Beck about 100 yards below the 

margin of the granophyre.

B.___ Petpogr-0' phy.

The majority of the f e l s i t ic  intrusions ,  for example, 

fhose in  the Middle Pell dyke swarm are composed of pink 

f e l s i t e ,  but some, the s i l l s  of Burtness for instance,  are 

composed of grey f e l s i t e .  The f e ls i t e s  vary in  grain size from 

extremely fine rhyolit ic  rocks as seen in  specimen E9624  from 

a sill in Goat G i l l  ( G .K .  0881487)  to fine grained fe ls ite s  as 

found in  the Burtness s i l l s .

Flowbanding is  very common in the f e l s i t i c  intrusions .

The flowbands in  Specimen LC2 from the lower Burtness s i l l  are 

about three millimetres broad and, on a fresh surface,  appear 

as oarallel dark and l ight  grey stripes across the rock. The 

dark grey bands weather out more e as i ly  than the l ight  grey 

bands so that the banding is  emphasized on weathered surfaces.  

Flowbands in specimen UC 430 from Nether Beck (G . Ii. 147087)  

appear as fine parallel  yellow l ines  in a pink f l in t y  matrix. 

Extremely regular flowbanding occurs in the fe ls ite  from the 

s i l l  on Scaw, g iving  i t  the appearence of a varved rock. 

Alternating  bands of flesh coloured f e l s i t e ,  one and two 

millimetres wide respectively ,  are separated by fine lines  of 

dark f e l s i t e .



Spherulitic  structures in the f e ls i t e s  are common. The 

spherulites  which vary in  size from less  than one millimetre 

to about 2 . 5  millimetres in  diameter, are usually  arranged in 

l ines  parallel  to the flow structures.  The spherulites  in 

specimen LC 225 are bright  pink with pale cores and darker 

rims. Those in specimen E 9624 have flesh  coloured cores 

and yellow  or black rims. The spherulites  in the sill  on 

Scpw  grow across flow l ines  in the fe ls ite  and must have 

formed later  than the flow l in e s .

Porphyritic  elements are rare in the f e l s i t e s .  An east- 

west dyke on Angfer's Crag ( G .R .  10061502)  is  made of a por­

phyritic  rock very similar in appearance to the granophy.re 

and may be an apophysis of the granophyre. A second dyke on 

A n g le r 's  Crag (E 9612 ,  G .R .  10051499)  is  composed of a fine 

pink porphyritic f e l s i t e .

The d istr ibutio n  of potash in the fe ls it e s  is  irregular .

I t  is  absent from specimens fi 9612 ,  LC2,  LC329 from Buckbarrow 

(G .R .  1 3 6 0 0 5 7 6 ) ,  and specimen E 8687  from A ng ler 's  Crag 

(G .R .  1 0 0 6 1 5 0 2 ) .  The matrix of LC 430 is  rich  in potash 

but the fine  flow l ines  are not, and similarly  the matrix of 

LC225  is  rich  in potash, but not the spherulites .  The matrices 

of specimens E 9624 ,  LC 365, from P i l l a r  (G .R .  168128)  and 

LC 301 from Crag Pell ( G .R .  098143)  contain l i t t l e  potash, but 

the spherulites  from these specimens are rich in  potash. The 

potash in LC 301 is  concentrated around the periphery of the 

spherulites .  Potash is  common throughout specimen LC 8 from 

the middle Burtness s i l l  ( G .R .  1 7 3 4 1 5 0 6 ) .
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Photo 14a .  Normal L ig h t .

Photo 14b. Crossed N i c o l s .

Grystall 
Passing 
Through 
.Several 
(Crystals

Note: The crysta ll ite  in  the top right corner forms the

edge of two quartz crystals .  Others have no effect  

on the crystals  in the f e l s i t e .



Microscopically  the spherulites  in  the fe ls ite  from 

Sc aw are seen to be composed of a very fine quartz rich 

quartzo-feldspathic mosaic containing a few flakes  of ser ic ite .  

The grain  size of this  mosaic is  approximately 0 . 0 5  mm. in 

diameter. The spherulites  are set in a coarser mosaic 0 . 5  mm. 

in diameter grain  size in places, which is  very rich in sericite ,  

particularly  around the spherulites .

Specimen E 9624 from Goat G i l l  is  similar to LC 225 in 

thin  section .  The quartz and feldspar  in some of the spherulites 

have grown in f ibrous crystals  radiating  from their centres.

The mosaic in  the spherulites  is  usually  much finer  grained 

just  around their  periphery, and this may be the cause of the 

rims on the spherulites  in  hand specimens. Threads up to

0 . 6  mm. in length, composed of chlorite  and sericite  are common. 

These threads have controlled the growth of crystals  in the 

matrix in places for they form the edges of some crystals 

(Photos.  14c and 1 4 b ) .  In  most cases,  however, the threads 

pass through the rock irrespective  of crystal edges, spherulite 

edges, or any change in texture .  They are believed  to be 

remnants of c ry sta l l ite s  from the original  glassy  rock which 

has recry sta l l ized  into the present f e l s i t e .

A similar d e v it r i f ie d  glass (E 8637)  is  found at the tip  

of the grf’nophyre dyke on A ng ler 's  Crag. Numerous corroded 

phenocrysts of plagioclase ,  altered to epidote and seric ite ,  

are set in a very fine mosaic of feldspar ,  quartz and epidote.

Numerous t i n y ,  p a r a l l e l  a c i c u l a r  c r y s t a l s  of a p a t ite  pass



through this  mosaic irrespective  of crystal boundaries.

The apatite crystals  show the flow directions  of the original 

g lassy  rock.

A white fe ls ite  from the lower Burtness sill  (LC2) is 

coarser than the fe ls it e s  just  described .  I t  is  formed of a 

quartzo-feldspat-hic mosaic with a grain  size of about 0 . 2  mm. 

diamster. The crystals  have complex sutured margins and they 

commonly grow in  radiating  groups to form crude spherulites .  

Chlorite  is  much more common than in the other fel-sites  and 

is  concentrated along bands that appear dark grey in hand 

specimen. Specimen E 9612 from A ng ler 's  Crag is  very 

similar  in  thin  section to LC 2.  Numerous rounded glomerop-or- 

phyritic  crystals  of oligoclase altered to calcite  and sericite  

are set in the matrix.

4 .  Or ig in  of the Late Acidic  In trusions .  '

The minor acidic intrusions  are younger than the Main 

Granophyre and represent the last  phases in the intnsive  h istory  

of the Ennerdale Granophyre. The relationships  between the 

d i f fe r e n t  types of these intrusions  is  unknown, but they must 

all have been derived from the u n s o l id i f ie d  core of the grano­

phyre stock.

The porphyritic microgranites of Cawfell Beck, Deep G ilL  

and Mart Knott ,  resemble the Main Granophyre in their  mineralogy. 

They were probably derived from the same magma as the Main 

Granophyre, and were intruded shortly after the s o l id if ica t io n  

of the granophyre. Their fine grained character has probably



been caused by c h i l l in g  against the Main Granophyre. The 

late intrusion  of fine granophyre on Bowness Knott is 

possibly  of a similar origin .

The fel-sites  of the s i l l s  and dykes associated with the 

granophyre d i f f e r  from the microgranites in that they contain 

very  few, i f  any, feldspar phenocrysts.  The two porphyritic 

dykes on A n g le r 's  C»g are the only exceptions to this rule. 

This lack of feldspar phenocrysts in the fe ls it e s  suggests 

that they may come from a d i f feren t  source to that of the 

porphyritic microgranites .  The fe ls ite s  are younger than 

the microgranites ,  for a fe ls ite  dyke cuts the microgranite 

in Cawfell Beck (Hollingworth,  in Trotter et a l , 1937 ,  pp. 62), 

The f e l s i t e s  are also younger than the pegmatites associated 

with the Ennerdale Granophyre.
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-PBTROGENESIS.

The g e n e s is  of  the v a r iou s  rock types maKing up the 

E n n e r d a l e  G r a n o p h y r e  i s  summarized below.

p a r t i a l  C r u s t a l  

M e l t i n g ?

Contrasted .

Di f ferentiat i  on .

• b a s ic  and acid magmas in the E n n e r d a l e
The association  of basic

4-uq+ t’-iiind in  numerous i n t r u s iv e  com- 
Granophyre  i s  s im i l a r  to th

olexes ,  the best  known

Scotland .  Opposing theories  concerning the

being in the Tertiary  Igneous itovince



origin  of this association  have been put forward by Nockolids 

( 1 9 3 4 ;  1936 )  and Holmes ( 1 9 3 1 ;  1 9 3 6 ) .  Nockolds proposes the 

theory of contrasted d i f fe r e n t ia t io n ,  believing  that d i f f e r ­

ent iat ion  of a basic magma is  the main factor in the formation 

of an acid magma. Holmes believes  that acid magmas are mainly 

formed by refusion  of the earth ’ s granitic  crust,  and d i f f e r ­

entiat ion  is  re lat iv e ly  unimportant.

In  the case of the Ennerdale Granophyre the great bulk 

of acidic rocks compared with basic rocks favours Hoimk’s 

theory rather than Nockold's.
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I .  FOLDING.

A. Introduction .

The major structural features in the Lower Palaeozoic 

rocks of the central Lake D is t r ic t  were produced during the 

Caledonian  Oregeny. Important folds of two ages, Pre-Bala, 

and. Devonian, have been id e n t i f i e d .  No folds of post-Devonian 

age have been recognised within the central Lake D i s t r i c t .

The Pre-Bala fold movements have resulted  in the 

unconformity that separates the Borrowdale Volcanic Series 

and the Coniston Limestone Series .  This unconformity is 

best seen in the Duddon and Coniston d is t r ic t s  where the strikes 

of the two series  are almost at right angles, (M itchell ,  1940 ,  

1 9 56 ;  Firman, 1 9 5 7 ) .  Mitchell ( 1 9 4 0 ,  pp. 313)  estimated that 

in less  than three miles between Coniston and High Pike Haw 

the base of the Coniston Limestone Series transgresses over 

two thousand feet of the Borrowdale Volcanic Series .  The Pre- 

Bala  movements and the subsequent denudation must have been 

quite considerable to have produced such an unconformity. The 

Pre-Bala folds  have been recognized elsewhere by their  effect  

of alteri-ng the pitch of later  Devoniai folds which cross 

their  axes, (M itchell ,  1956 ,  pp. 431 ;  Firman, 1957 ,  pp. 56; 

O l iver ,  1961 ,  pp. 3 8 4 . ) .  The trend of the Pre-Bala axes is  

east—north—east in the Kentmere d is t r ic t  (M itchell ,  1929 ,

PP. 30-33) and north-north-east in the Duddon district  (Firman, 

1957 ,  pp. 5 6 ) .

VII_____STRUCTURE.



The main fold movements a ffecting  the Lake D istr ic t  

were of Devonian age. Their  lower age limit  c.an be fixed by 

the fact thft  they affected all rocks up to and including 

those of Ludlow age. The Mell Fell Conglomerate, possibly of 

Lower Old Red Sandstone age (Capewell ,  1 9 5 5 ) ,  resting with 

strong unconformity on the strata  folded by these movements 

gives them an upper age limit; . The Skiddaw Slates and the 

Borrowdale Volcanic Series  reacted d i f f e r e n t l y  during the 

Devonian earth movements. The Skiddaw Slates acted incom­

petently  and were crumpled into a series  of very tight,  often 

overturned folds ,  which trend approximately west 40 degrees 

south. The slates were intensely  cleaved and often disrupted 

by thrusting .  The Borrowdale Volcanic  Series  reacted much 

more competently and were folded into r e lat iv e ly  open folds 

trending approximately west-south-west.

B . The Folding of the Skiddaw Slates  in  the V ic in it y  

Of The Snnerdale Granophyre.

The Skiddaw Slates have been folded into a series  of tight 

folds  with axes trending approximately west 40  degrees south. 

Rose, ( 1 9 5 4 ,  pp. 405)  gave the l ines  of two anticlinal  axes 

which pass close to the thesis  area as "Barf ,  Whinlatter Pass, 

Whiteside,  Grisedale  Pike and Brackenthwaite , "  and "Newlands, 

Cat B e l ls ,  L i t t l e  Dale,  Robinson and Buttermere,"  (see Fig.  3 ) .  

The f i r s t  axis is continuous with the anticlinal  axis through 

Skiddaw (Geological Survey One Inch Geological  Sheet 23, New 

S e r i e s . )  and the axis along Croasdale Beck to Dent (Eastwood 

et al ,  1931 ,  pp. 1 4 ) .  This  axis is  named the Skiddaw anticline
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The structure described above is very generalized ,  for 

when examined in detail  the structure is  complicated by the 

common occurrence of overfolding ,  thrusting and isoclinal  

folding  (Rose, 1954 ,  pp. 4 0 4 ) .  In  such an area the Knowledge 

of the true d ip  of the beds is  important and c r it e r ia  such 

as current bedding, for the determination of the true top and 

bottom of the beds are necessary before any deta iled  structure 

can be worked out.

North of Ennerdale the Skiddaw Slates of the thesis  area 

l ie  in a syncline between the two anticlines  described above. 

The regional d ip ,  however, is  constantly to the south-south­

east at about seventy degrees in the Buttermere d i s t r i c t .  The 

simplest structure that is  possible in  the area i s ,  therefore,  

an iso c l in a l  syncline overturned to the north-north-east. 

Unfortunately this structure could not be confirmed during 

the present work, as no c r i t e r ia  for the determination of the 

true top and bottom of beds were found. A minor anticline  tre­

nding east thirty-five degrees north passes through Kerdus on 

the north side of Ennerdale,  but quickly dies  out in  both 

directions  (see Pig.  3 ) .

The Skiddaw anticlinal  axis passes along Croasdale 

Beck south-westwards to Dent.  The Skiddaw Slates  south of 

Ennerdale ,  south-east of this  axis have a reasonably constant 

d ip .  Their dip  is  usually  within a few degrees of south, but 

most often it  is  a few degrees east of south. The structure 

appears to be simply a uniformly dipping limb of an anticline

on Pig. 3.
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but this  may be deceptive .  The lack of variation  in 

l itholog y  of the slates  of the entire area (see pp. 13-6 ) 

would make the id e n t i f i c a t io n  of isoclinal  folding ,  faulting  

or thrusting ,  very d i f f i c u l t .

Assuming that the structure south of Ennerdale is  as 

simple as it  appears, that is ,  there are no overfolds,  faults 

or thrusts ,  the apparent thickness of the slates  can be deter­

mined. A line  of section from between Fellend Farm and Oxen- 

stone Beck, near Ennerdale,  along a bearing south twenty 

degrees esst to the base of the Latterbarrow Sandstone is ,  

within  a few degrees,  along the dip  of the Skiddaw Slates .

The amount of d ip  varies  from thirty  degrees to f i f t y  degrees.  

Assuming the Skiddaw Slates have a d ip  of thirty  degrees along 

the line  of section,  their  apparent thickness is  5 , 5 0 0  feet .  

This thickness is  ent irely  in the Mosser-kiritstile Slates and 

is  not the full  thickness of the Mosser-Kirkstile Slates ,  as 

their  base is  not reached by the section.  The apparent 

thickness of 5 , 5 0 0  feet plus for the Mosser-Kirkstile Slates 

south of Ennerdale may be compared with the thickness of 

2 , 5 0 0  feet  plus in the Keswics  and Buttermere d is t r ic t  (Rose,  

1957 ,  pp. 4 0 3 ) .

C. The Folding of the Borrowdale Volcanic  Series in the 

V ic i n i t y  of the Ennerdale Granophyre.

The major structural feature of the Borrowdale Volcanic 

Series in the v i c i n i t y  of the Ennerdale Granophyre is  the Sca- 

fe l l  Syncline .  This syncline has been traced from UlLswater,



(Moseley, 1960)  through Helvellyn  (Hartley ,  1941)  to Scafe lL  

(O l iv e r ,  1 9 6 1 ) .  The axis of the syncline trends approximately 

we st-south-we s t .

The outcrop of the Borrowdale Volcanic Series  is almost 

cut in  two by the outcrop of the Ennerdale Granophyre. In  the 

Scafell  region the Scafell  syncline is  a simple, broad, shallow 

syncline pitching to the east-north-east (O l iv e r ,  1961,  pp. 383)  

The south-easterly regional d ip  between Great Gable and the 

eastern edge of the Ennerdale Granophyre shows that this syncline 

continues as far as the granophyre (Geological  Survey, one inch 

Geological Sheet.  101 S .E .  Old S e r ie s ) .

West of the granophyre the folding is  more complex 

(Hollingworth,  in Trotter et a l , 1937 ,  p p .8 ) .  A syncline 

pitches to the west with its  axis trending almost due west 

from near Windsor Farm to the Bleng Valley .  The pitch of this 

syncline is  c learly  shown by the easterly  closure of the V 

shaped outcrop of a series of rhyolites  and dacites  on Hollow 

Moor (G .  R .  108056 ,  Geological Survey, Geological Sheet 37,

New S e r i e s ) .  This syncline is  succeeded to the south by a very 

tight  steep anticline  which in turn is succeeded by a tightly  

folded syncline (see section 2, Geological Sheet 3 7 . )  The 

axis of the latter  two folds trend approximately east-north- 

east ,  the anticline  through Wrighthow and the syncline through 

Craghouse.

The relationships  between the folds on either  side of the 

Ennerdale Granophyre are d i f f i c u l t  to determine. The northerly 

syncline west of the granophyre is  continuous with the Scafell
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syncline to the east because the rhyolite and dacite group 

mentioned above can be traced without a break from the north 

limb of the syncline in the west to the north limb of the 

Sc afe ll  syncline .  The southern syncline to the west oi the 

granophyre  may be the result  of a b ifurcat ion  of  the Scafell  

syncline ,  or i t  may be independent of the Scafell  syncline, 

e ither  hypothesis  being impossible to prove or disprove.

The S c afe ll  syncline to the east of the Ennerdale Grano­

phyre pitches to the west. The culmination of the pitch of 

the s y n c l in a l  axis almost coincides with the present outcrop 

of the granophyre .  Prom a study of the strike of the base of 

the Dacite  Qroup on Seatallan  the culmination appears to 

he aoproximately h a l f  a mile north-east of Cat Bields  (G .R .  

1 3 4 0 7 6 ) .  The culmination in  the synclinal  axis  is  caused by 

an ant icl ine  crossing the syncline .  The Borrowdale Series on 

e ither  side of the Snaerdale Granophyre d ip  into the synclines 

on the respective s ides .  The axis of the anticline  must, 

therefore ,  pass along the present outcrop of the granophyre 

in an approximately north-south d irect io n .  The anticline  

loo ks  as though it  is  due to an u p l i f t  by the intrusion  of the 

Ennerdale Granophyre. The pitch of the Scafell  syncline,  

however, continues unchanged as far as Ullswater ,  f ifteen  

railesaway, and is  independent of the granophyre. The writer 

believes  that the anticline  i s ,  in fact ,  older than the Scafell

S y n c l i n e ,  p o s s i b l y  o f  pre-Bala age.

i



A. Introduction .

, . . v,■: aneled faults has been
A prominent pattern ol nig &

r e c o g n ize d  b y  e l l  the p eo ple  who have worked on the B o r r o w d a l e  

S e r i e s .  The major f a u l t  d i r e c t i o n s  are approxim ately  north-

x f n: „ o\ Many of the north-westerly 
north-east and north-west ( Hig.

f a u l t s  have a horizontal  displacement end are tear faults 

rather than normal faults  (M itchell ,  1 9 5 6 ,  pp. 4 0 5 ;  Moseley, 

I 9 6 0 ,  pp .  7 2 ) .  I t  i s  seldom possible to d ist inguish  high 

angled Devonian 'faults  from high angled faults  of a later  age 

when the faults  were confined to the Lower Palaeozoic  rocks.

L o w  angled faults  or thrusts can be considered, with 

some certainty ,  to be of Devonian age as such faults  

found in  the Carboniferous or younger rocks of the western

4-v. in T ro tter  et a l , 1 937 ,  PP>9).
Lake D i s t r i c t  ( H o l l i n g w o r t h ,

i o+ two horizons ,  at the junction
Large scale thrusting occurs

v oi + and the Borrowdale Series ,  and in
between the Skiddaw Slates and

, . .v pr i ie  the Conniston Limestone 
the Stockdale Shales whic

q • .x  Shales are notably incompetent shales
Series .  The Stockdale bnaies

• nmnp + ent in  comparison with the 
and the Skiddaw Slates are iV»co p

*  • r+ is  believed that the great compressional
Borrowdale Se r ie s .  I t  is  oei

i or, fnld  movements were partially  
forces involved in  the Devoni

relieved hy movements along these ^co m petent  horizons (Mitche 

1956 ,  pp. 4 4 2 ) .  The thrusting must fherefore have been, xn 

Part at l e a s t ,  contemporaneous with the fol t

2. FAULTING.



Many of the north-westerly high angled faults  have been 

shown to stop at the thrust within  the Stockdale Shales.  Mit­

chell ( 1 9 5 6 ,  pp. 4 4 5 ) ,  from evidence at Coniston and in the 

Dunnerdale Pells,  suggested that both sets of faults  were 

approximately contemporaneous, with the ^tusts being formed a 

l i t t le  la te r  than the north-west tear faults .  Moseley (1.961, 

PP 79) stated that in the Ullswater d is t r ic t  the in it ia l  

thrusting was contemporaneous with the fold movements. After 

the folds had formed, a system of north-west wrench faults 

associated with renewed thrusting was in it ia t e d .

The youngest group of faults  are the north-north-easterly 

or northerly  suite of high angled faults  (Hartley ,  1532 ,  pp. 60 

"oseley ,  1 960 ,  pp. 7 9 ) .  The age of these faults is  uncertain,  

they may be Devonian, Hercynian or Alpine in age (M itchell ,  

1 9 5 6 , b, pp. 4 4 2 ) .  Many Devonian faults  have probably been 

rejuvenated during the later  Hercynian or Alpine earth move­

ments, so complicating the crosscutting relationships  on which 

their  relative  ages are based.

IL- Hifth Angled Faults.

( i )  The Nature of the Fault Planes.

The high angled faults  of the area under discussion  fall  

into three sets trending approximately west-north-west, north- 

west, and north ;  or north-north«ast. The f i r s t  two sets are 

Probably tear faults  (see below, p. 175 )but there is  very 

l i t t l e  evidence on the actual f a u l t  planes to show whether 

they are tear or normal fa u lts .



A fa u lt  passing through the granophyre would be 

expected to i/®ve some slickensides  showing the direction  of 

movement along the fault  plane. This may have happened, but 

the granophyre along most fault  planes is  now weathered to a 

rough surface showing no s l ickensides .  The Combe Beck Fault 

( G .R .  182150 )  trending north-north-west, has a footwall 

dipping west at between forty and eighty degrees which is 

grooved. The grooves d ip  south at about twenty degrees 

suggesting that there was a large element of strike sl ip  in 

the f a i l t  movement. Actually  it  i s  the mineralized zone 

along the original  fault  that has been grooved, therefore,  

the only thing the grooving indicates  is  that the last  move- 

m®nt along the fault  had a large element of strike s l ip .

There are several places where the rejuvenation  of a 

fau lt  can be proved. Combe Beck Fault described above has 

c learly  had at least  two periods of movement separated by a 

Period of m inera lizat ion .  S im ilarly  many faults  have deposits 

of haematite along their  courses and later  movements along the 

faults  have brecciated the primary haematite.  Examples of 

brecciated  heamatite can be found on almost all spoil tips of 

the iron ore mines in Snnerdale .

Saults  have affected  the granophyre in several ways. 

Movenmt along the Scale Beck Fault (Map 2 ) near Buttermere 

has Induced jo inting  in  the granophyre parallel to the fault  

l i n e .  Scale Beck, taking advantage of the . e l l  jo inted  rock, 

has cut a deep gorge along the fault  l ine  between two prominent



jo int  faces .  Scale Force is  a waterfall  at the head of 

this  gorge .  Faults within  the granopLyre sometimes have 

no apparent e f fe c t  and cannot be traced, The Haycock Fault 

on the south slopes of Ennerdale (G .R .  133118)  cannot be 

traced three hundred yards after  the granophyre is  exposed 

°n both sides  of the fault  plane .  A small fault  at the tfest 

end of Gale Fell (G .  R .  135167 )  and Combe Beck Fault in 

Burtness Combe are marked by prominent angular fault  breccias 

with a pure quartz cement. Occasionally  the rock is  f ine ly  

brecciated  so that it  is  reduced to a granular aggregate of 

quartz,  fe ldspar  and ground rock loosely  cemented together.

At the west end of S ilver  Cove Crags (G .R .  127110  ) such a 

r °ck is  rap idly  breaking up into a fine gravel as the component 

Parts separate.

A fault  through the rocks of the Borrowdale Series 

usually  induces parallel  jo inting  within  the rocits, or 

brecciates  the rock in  a narrow smash b e l t .  In  either case 

the l in es  of weakness are quickly  eroded out and the fault 

l ines  are marked by gorges or g u l l i e s .  The g u l l ie s  at the 

head of M irklin  Cove in  Ennerdale are cut along fault  l in e s .  

There is  l i t t l e  d i f f i c u l t y  in following faults  through the 

Borrowdale Series because of the erosion of g u l l ies  along 

their  courses and the read ily  recognizable displacement of 

marker horizons in the Borrowdale Series  by the faults .



The hardened Skiddaw Slates within  the metamorphic 

aureole of the Ennerdale Granophyre are usually  smashed by 

f a u l t s , i n  places, as in  Red G i l l  (G. R .  1 2 8 1 7 0 ) ,  upto ninety 

yards from the fault  plane.  The smash belts  have commonly 

been later  mineralized  by haematite.  Faults are very d i f ­

f i c u l t  to trace through the soft unaltered Mosser K irk st ile  

S late s .  They apparently produce a gouge along the fault  plane 

which welds up the fault  and leaves no line  of weakness for 

e ither  m in eralizat io n  or erosion to follow.  The d i f f i c u l t y  

is  also increased by the uniformity  of the Mosser K irk st ile  

Slates for there are no marker horizons to help Locate a fau lt .  

I t  is  this  d i f f i c u l t y  in id e n t ify ing  faults  rather than Irue 

lack of faults  that has led to the apparently unfaulted 

character of the Mosser K i r k s t i l e  Slates on many maps of 

Skiddaw Slates  (see the Geological Survey, Geological One

t o • Annther result  of this  d i f f i c u l t y
Inch Sheet 28, New S e r i e s ) .  Anotner

„ -j i • xup ir-iV in  which many faults  apparently 
in  id e n t i fy in g  faults  is  the way in  j-

die out on e n t e r i n g  the Mosser K i r k s t i l e  Slates,  for example 

all the f a i t s  which cut the L a t t e r b a r r o w  Sandstone apparently

, , . + Vlo u nSSer Kirkstile  Slates to the north, 
stop on entering the Mosser

( i i ) The North-North-^asiterl£_£a u l t s ._

The no rth- north- easterly  faults  tend to be in s ig n i f ica n t ,

the most i m p o r t a n t  being the G r e e n d a l e  F a u l t ,  the Scale Beck

+ nelt  (Map. l ) .  Several smalL. 
Fault and the Grey Crag ifault

northerly faults cut the contact of the Ennerdale Granophyre 

along its  northern edge in the Buttermere valley. The vertical



throw on all  these faults  is  small.

The Greendale fault  displaces  the contact of the 

granophyre from near Countess Beck, 1100 yards to the 

up Greendale .  The actual vertical throw of the fault ,  however,, 

is  probably  not more than one hundred feet ,  the great horizon­

tal displacement being  due to the fact that the morphology 

of the present landscape at this  point is  very similar 

that of the surface of the granophyre.  On the west side of the 

Greendale Fault the roof of the granophyre has just  been 

eroded away, exposing the granophyre while on the east side 

of the fault  a thin  skin of volcanic  rocks is  s t i l l  covering

the granophyre.

The Grey Crag Fault  Belt  is  very impressive on the 

ground, (Photo .  1 5 ) ,  but the vertical  throw of the fault  belt

, , „ r-rncf is  less  than one hundred feet .  On theas a whole on Grey Crag is  less  bunu.

south side of E n n e r d a l e  below White P ik e ,  the total throw of 

the f a i I t  belt  appears to be approximately three hundred feet .

The Scale Beck Fault, despite  the deep gorge cut along 

its  f a u l t  plane, has a vertical  throw of less  than f i f t y  feet .  

There is  no evidence upon which to decide what type of 

+ H nncterlv faults  are. I f  Scale Beck
faults  the north-north-easteriy

* i+  np 9nv ereat  importance ,  then  a much 
Fault  was a. te a r  f a u l t  of any g

• + oP +he contact of the granophyre would
greater displacement of tne c S

be expected .  The Grey Crag Fault Belt  is  a fault  complex in 

which, in  the High Stile  area at least ,  the country is  broken 

into a large scaje - breccia ' .  Such a thorough shattering of 

the area suggests that the movement along the faults  was no
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Burtness Combe.

just  a simple downthrow of a hundred fe e t .  There have 

probably been repeated movements, possibly  downthrowing in 

d i f fe r e n t  d irect ions ,  with d if fe re n t  movements, subjecting the 

rocks to a grinding motion.

( i i i )  North-Westerly Faults .

The north-westerly faults  are the most important high 

angled faults  of the area under d iscussion .  There are several 

north-westerly faults  with small or undetermined throws such 

as the fault  along Deep G i l l  in Ennerdale and the group of 

faults  which cut the Latterbarrow Sandstone (Figure 3 ) .  The 

most important of this  suite of faults  are the Haycock Fault, 

and the Red G i l l  Fault.



The Haycock Fault can be traced from Waver Beck (G .R .  

148096 )  north-westwards below Gowder Crag onto the ridge at 

the head of S ilver  Cove. The line  of the fault  swings almost 

due north on crossing the ridge and can be followed as far as 

an old level  above S ilver  Cove Beck (G .R .  1 3 3 1 9 9 ) .  The swing 

of the fault  line  on the ridge is  due to the low dip  of the 

fa u lt ,  which actually  strikes approximately north 38 degrees 

west and dips  at 30  degrees to the north-east. A study of 

Map 2 suggests that this  fault  is  probably a tear fa u lt .  The 

f lat  dome of the roof of the intrusion ,  possibly  dipping east­

wards, occurs to the west of the north end of the Haycock Fault 

East of the fault  at this point the roof of the intrusion  is 

dipping south at ten degrees.  The only part of the roof of 

the intrusion ,  west of the fault ,  with a similar southerly 

d ip ,  is  a mile to the south-east. This fact  cannot be 

explained  by a purely vertical  throw of the fa u lt .  The east 

side of the fault  must have moved to the north-west with res­

pect to the west s ide .  There was probably also a vertical  com­

ponent in  the fault  movement downthrowing to the east .  The 

correctness  of this  interpretation  d e p e n d ^ n t i r e l y  on the

accuracy of  the structure contours on Map 2.

The Red G i l l  Fault can be traced from near Floutern Tarn

south-south-eastwards into Bnnerdale,  where it  is  almost 

c e r ta in ly  continuous with the fault that passes on the north- 

cast side of Tewit How into M irklin  Cove. The fault  

throws approximately 250 feet  to the west in  the Tewit 

while in  the Red Gill area i t  downthrows to the east .  North
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of Ennerdale the Red G i l l  Fault shows several interesting  

features .  I t  displaces  the contact of the Ennerdale Granophyre 

on its  west side from Starling  G i l l  over a mile north-north­

westward s to Red G i l l ,  while the edge of the metamorphic 

aureole of the granophyre on the west side of the fault  is  

displaced  f i f t e e n  yards to the south-south-east. The metamor- 

Phic aureole near the mouth of Red G i l l  is approximately 15 

yards wide on the west side of the fault  and over a mile wide 

on the east side .  The slight south-south-easterly d isp lace ­

ment of the edge of the metamorphic aureole on the upthrow side 

of the Red G i l l  Fault can only be explained i f  the east side 

of the fault  has mo—ved north with respect to the west side of 

the f a u l t .  I t  is  impossible ,  however, to decide how much 

movement has taken place along the fault  xrom the displacement 

of the edge of the metamorphic aureole.  ihis displacement 

is  dependent on the relationship  between the resultant of the 

vertical  and horizontal  movements along the fault ,  and the dip  

° f  the edge of the metamorphic aureole.  I f  the resultant of 

the v ert ica l  and horizontal movements along the fault  was 

Parallel  to the dip  of the edge of the aureole,  then there 

would be no displacement of the edge of the aureole, whatever 

the throw of the f a u l t .  The narrowness of the aureole along 

the north flank of Gale Pell suggests that the great width of 

the aureole east of the Red G i l l  Fault is  anomalous. The sur­

face of the granophyre is  most l ik e ly  close to the present sur­

face over much of the area and the throw of the fault  is  probably 

not very great .



fry.) The West-North-Westerly Faults.,

A. tear fault  trending approximately west-north-west 

passes through the col between Bowness Knott and Brown How m  

Hnnerdale . The vertical  contact of the granophyre on the 

north side of the fault  is  displaced approximately 120 yards 

to the east-south-east (Hollingworth in Eastwood et al,  1931 ,  

PP. 5 0 ) .  A similar  tear fault  along Ennerdale Water has 

displaced  the contact of the granophyre on its  north side 

approximately 350  yards to the east-south-east (see Map. 2 ) .  

On top of Boathow Crag ( O .R .  109134)  a fault  trends west 30 

degrees north and dips  to the north at 80  degrees .  there is  

a prominent b e lt  of jo inting  in  the granophyre parallel, to 

the fa u lt  l i n e .  No d e f i n i t e  evidence is  available  to show 

Whether this  fault  is  a tear fault  or not, but its  west- 

north-westerly trend suggests that i t  does belong to this  

suit  of tear fa u lts .

C. Low Angled Faults .

( i )  TV)p nontact Between t h ^ orrowdale _ Volcanic Series_

and the Skiddaw Slat e s .

(a )  The High Stile  Area.,

The junction  between the Skiddaw Slates  and the Borrow­

dale Volcanic  Series  in  the High St ile  area is  a low angled

4> « fault  is  revealed by the diver-f a u l t .  The presence of this  i aui

gence o f  the s t r ik e  of the Borrowdale  T o lc a n ic  S e r ie s  and the 

j u n c t i o n  betw een  the Borrow dale  S e r ie s  and the Skiddaw  S l a t e s .  

The s t r ik e  of the Borrowdale  S e r i e s  on the h ig h  S t i l e  ridge



is  a few degrees west of south. The strike of the junction 

of the Borrowdale Series  and the Sitiddaw Slates is  variable ;  

on High Stile  it  is a l i t t l e  north of west, while on Pleet- 

with Pike to the east of the present area (Geological Survey 

Jix  Inch Geological  Sheet L X IX  Old S e r i e s ) ,  i t  is  east 30 

degrees south.

The d ip  of the fa u lt  plane is  d i f f i c u l t  to determine, 

hut assuming that the dip  on High Stile  is a l i t t l e  west of 

south, then i t  must exceed 15 degrees, for the Skiddaw Slates 

do not outcrop in  the bottom of Ennerdale.,  The way that the 

outcrop of the fault  plane climbs- gently up h i l l s  and then 

drops down to the south in intervening combs suggests that 

the flip Qf -khg f auit  plane is  quite low, probably not 

exceeding 30 degrees.  The junction  between the Borrowdale 

Series and the Skiddaw Slates from the bottom of Burtness 

Combe almost to the top of High Stile  is  pract ically  vert ica l .  

This contact is  believed  to be a high angled fault  and not 

the low angled fa u lt .

The re sult  of the divergence in  strike between the low 

angled fa ult  plane and the Borrowdale Series is  most notice­

able in  the High  Stile  area where the two strikes  are practi­

ca l ly  at right  angles to each other. The lower members of the 

Borrowdale Series  are cut out to the north by the rising  fault 

Plane ( P i g .  1 6 ) .  The basal member of the Borrowdale Series 

in this  area, a series  of fine blue andesites ,  is  exposed 

along the ridge overlooking Bleaberry Tarn in a continuous 

dip  section  for over h a l f  a mile .  The thickness of andesites
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in  this  section is  approximately 1000 feet ,  yet on the

north nose of High S t i le ,  only h alf  a mile to the north,

out by the fa u lt .  The fine
these andesites  are entire y

; n past of High Stile  in Burtness 
blue pndesites reappear again

Combe.

+v,o ^kiddaw Skates and the Borrow- 
The junction  between the SKidttaw

J three hundred yards on the north
dale Series  is  exposed for ttiree

n i s 21 46 ) .  There is  l i t t l e  evidence 
side of High Crag (G .R .  ’

- , presence of this  f a u lt .  The
at the junction  of tne

+« hP unaffected,  but a 'tectonic  
Borrowdale Series  appear to be unai

in the S k i d d a w  Slates  below the 
conglomerate sis  e x o o s e d  in

junction  (see pp. 14-15 ) .

Vertical Section of High S t i l e .



(b)  Relationships  between the Contact in the High St ile  

Area and the Contact Further East .

The contact between the Borrowdale Series and the Skid ­

daw Slates  was believed by Ward (1876a ,  pp. 46) to be faulted 

over all  its  outcrop shown on the Geological Survey One Inch 

Geological  Sheet 101 S .E .  Old Series .  This was later  d isputed ,  

p ar t ic u la r ly  by Green (1920 )  who suggested that there was a 

conformable passage from the Skiddaw Slates to the Borrowdale 

Se r ie s .  Recent work at Ullswater (ivloseley, 1 9 6 0 , pp* 70) 

supports Ward1 s interpretation  by proving that the contact is 

a thrust which has cut out up to 3500 feet of the basal mem­

bers of the Borrowdale Series .  Moseley th-oughtthat the 

thrust was " a  thrust of modified decolLement type, largely  

due to the disharmonic relation  between the two groups" .  The 

mapping by Ward has also been v e r i f i e d  to a large extend by 

the present work in the High Stile  area. The general accuracy 

of Ward 's  mapping of the Borrowdale Series in  contact with the 

Skiddaw Slates  has,  therefore,  been v e r i f ie d  over six  miles of 

contact and i t  appears l ik e l y  that h is  mapping of the faulted 

contact will  be s im ilarly  correct over the rest  of its  outcrop 

(Rose, 1 9 5 4 , p p .4 0 6 ) .  The entire contact from iiigh St ile  to 

the U n swater d is t r ic t  i s ,  therefore,  b e l i e v e d  to be a thrust 

which, over much of its  outcrop, has removed the basal members 

of the Borrowdale Series .

West of the Ennerdale  Granophyre,.

The complex relationships  between the Borrowdale Series 

and the Skiddaw Slates  west of the Ennerdale Granophyre



have been fu l ly  described by Hollingworth ( i n  Trotter et a l , 

1937 ,  pp. 8- 12) .  The youngest unit of the Skiddaw Slates ,  the 

Latterbarrow  Sandstone, has been thrust a mile or more to 

the north over the Mosser K ir k st i le  Slates .  The MottledTuffs 

have been thrust northwards under the Latterbarrow Sandstone. 

The junction  between the Mottled Tuffs  and the overlying 

andesitic  lavas may be normal, an overthrust,  or a f a u lt .  

i d )  Or ig in  of the Basal Thrust of the Borrowdale Volcanic 

Series .

I t  is  generally  accepted that the thrust at the base of 

^he Borrowdale Series  originated  during the Caledonian Fold 

Movements and is  connected with the relative  competencies of
«•

"the Borrowdale Series  and the Skiddaw S lates .  The effect  of 

compressional forces during orogenies is  to decrease the lateral. 

extent and increase the vertical  thickness of any beds under 

compression. Rocks under such pressures can respond in three 

ways ,  by being foHed, disrupted by thrusting,  or cleaved.

The Sitiddaw Slates have reacted incompetently relative 

"to the Borrowdale Series  under t.he compressive forces of the 

Caledonian  orogeny. They have been t ightly  folded, thrusted 

and cleaved .  The decrease in their  lateral  extent,  calculated 

f rom a section by Rose (1954 ,  facing pp. 404)  is  of the order 

°f  3 0 $ .  Many of the faults  on this  section are normal faults 

which increase the lateral  extent of the slates,  so that the 

decrease due to folding alone must be greater than 30/o.

The Borrowdale Series have been folded into broad folds



of r e la t iv e ly  long wave length and small amplitude. The 

reduction of their  lateral  extent, calculated from five sections 

by Hartley  (1 9 2 5 ;  1932 )  is  in the order of 1 0$ .  This leaves a 

d ifference  of approximately 20$ between the relative  reductions 

° f  the lateral  extent of the Skiddaw Slates and the Borrowdale

S e r i e s .

The sections  on which the above calculations  are based 

take into account both the folding  and the cleavage of the rocks. 

Assuming that the lateral  extent of the Skiddaw Slates and Bor- 

rowdele Volcanic  Series  have been reduced by the same amount, 

the d ifference  of some twenty percent in their  apparent reduc­

tions must be explained  by thrusting in  the Volcanic Series .

There have, however, been very few thrusts id e n t i f i e d  in the 

^rrowdale Series ,  therefore the Borrowdale Series must have 

moved as a unit  over a single basal thrust.  The v e rt ica l ,  or 

near v e r t i c a l ,  dips of the Borrowdale Series  in the Binsey area 

the northern Lakes D istr ic t  (section  in Eastwood, 1946 ,  p p .16) 

Suggest that the Borrowdale Series  may have been folded into a 

large asymmetric anticline  over the Skiddaw Anticlinorium,

*hich broke at its  crest as its  south limb was thrust northwards,, 

( pig .  17 .  a ) .

I f  it  were possible  for the Borrowdale Series to have 

rem ained  a r e la t iv e ly  r ig id  block while the incompetent 

’̂ kiddaw Slates  were folffed beneath i t ,  then a d islocation  would 

take place at the base of the Borrowdale Series .  The d is ­

location  would, in  this case, be a decollement dislocation



( P ig .  1 7 . b ) .  The plane of separation would, however, be 

expected to be found below, rather than in ,  the Borrowdale 

Series .  Wedges from the base of the Borrowdale Series may 

have been torn off  by the movement of the Skiddaw Slates 

underneath, but this  e f fect  would be localized  and not as 

extensive as the proven basal thrust of the Borrowdale Series

^5*01 T hrust of th> B o rrow d o le  V o lcan ic Scries

Skiddaw1
Scafell

FIG 17 ft

®in*ey Skiddaw Scafell

m i l « . The form nmr t  in the Skiddaw S la te s  are__d jogram m atl£

IS E q ro tio n  o f th e  B orrow dale  V o lc a n ic  S eries  qw<j 

y^^ j^ idd jq w  S la te s  by a  plane of dccollcrocnt^

The writer  believes  that the evidence available  at the 

Present time supports the f i r s t  hypothesis rather than the

second. I t  is  quite l i k e l y ,  however, that both pure



thrusting  and pure decollement movement have played a part 

m  the formation of the basal thrust.

( i i )  The Floutern Crag Thrusts.

A suite of small thrusts displacing  the contact of 

the Ennerdale Granophyre are exposed on Floutern Crags 

near Buttermere (F ig .  1 8 ) .  Three of the thrust planes have 

the following  dips :-

60 degrees at 172 degrees;  58 degrees at 147 degrees 

and 47 degrees at 172 degrees.

These thrusts cannot be associated with the basal thrust 

of the Borrowdale Series  because the latter  is  earlier  than 

the Ennerdale Granophyre which is  cut by the Floutern Crag 

thrusts .  They may have been produced by fold  movements later 

than the main Caledonian fold movements, or they may be marginal 

uPthrusts associated with the intrusion  of the granophyre 

(Balk ,  1948 ,  pp. 101-6) .  The displacement of three feet or 

more by marginal upthrusts mentioned by Balk ,  however, suggest 

that the Floutern Crag thrusts,  with displacements of 150 

.Yards, nre too large to have originated in  this  way. 

i -3) The Age flelationships of the Ennerdale Granophyre and 

Neighbouring Structures.

( A) Folding.

The d irect io n  and form of the Caledonian fold axes in 

the Skiddaw Slates are not affected in any way by the Enner­

dale Granophyre. ' S i m i l a r l y  the Ennerdale Granophyre and its 

m e t a m o p r h i c  aureole are not affected by the Caledonian folds.



1 f the intrusion  of the granophyre had predated the 

Caledonian fold movements the granophyre may be expected to 

have acted as a r ig id  block and deflected  some of the orogenic 

forces to give the Caledonian fold axes within its  zone of 

influence  some arcuate form which would have shown the effect  

° f  the in t rus io n .  Folds,  such as the Herdus anticl ine ,  which 

cross the metamorphic aureole would be expected to have affected 

xts o u tl ine .  The fact  that no such e ffect  can be detected 

suggests that the intrusion  post dates the main Caledonian

fo ld  movements.

Numerous minor intrusions  of greater age than the fold 

m°vements have been id e n t i f i e d  in  the Skiddaw Slates (Appendix- 

^ A ) . These pre-C&edonian intrusions  c learly  precede the major 

fold movements, for they have been extremely altered,  folded 

and d isrupted  , together with the Skiddaw Slates  in  which they 

0ccur. The minor intrusions  associated with the Ennerdale Gran- 

0iPhyre , however, are fresh and unaffected by the fold movements.

The cleavage of the Skiddaw Slates is  greatly  reduced in 

ln tensity  in the hornfelsed zone of the granophyi^ s metamorphic 

aureole.  R a s t a l l ,  (1 906 ,  pp. 269) believed that the intrusion  

° f  the granophyre preceded the major fold movements during 

which the mass of the granophyre protected the Skiddaw Slates 

from the forces  from the south-east so that they were l i t t l e  

cleaved.  The low degree of cleavage «fas attributed by Green, 

(1 917 ,  ppt resistance of the Ennerdale Granophyre

and its  hardened aureole to the cleavage forces .  The low degree



o? cleavage can also be explained i f  the intrusion  post-dated 

the fold  movements, for the metamorphism by the g^ranophyre 

would tend to weld the previously cleaved slates into massive

hornfel-s.

The Skiddaw Slates are veinpd by fine  granitic  veins 

from the gra.nophyre close to its  contact on the south side 

of Herdus (P i g .  1 1 ) .  These would aost l ik e l y  have been d i s ­

rupted i f  the in trusion  was e ar l ier  than the fold movements.

The contact of the granophyre and the Borrowdale Series 

between Burtness Combe and Haycock is  remarkably parallel  to 

the bedding of the Borrowdale Series .  Green (1 9 1 7 ,  pp. 15) 

believed that this  proved that the intrusion  preceded the fold 

movements. This parallelism  is ,  however, read i ly  explicable 

ic the intrusion  was later  than the fold movements (see below,

PP. 198-POO).

The Ennerdale Granophyre c learly  truncates the folds in  

the Borrowdale Series  in  Wasdale on its  west s ide .  The intrusion

must, therefore ,  be la ter  than the fo lds .

The Scafell  syncline is  crossed near Catbields  on Sea- 

tallen  by a northerly  anticline  (see p. 1 7 2 ) .  The anticline

* a s  p o s s i b l y  i n  e x i s t a n c e  b e f o r e  t h e  i n i t i a t i o n  o f  t h e  m a j o r  

C a l e d o n i a n  f o l d  m o v e m e n t s  a n d  i s  p r o b a b l y  o>f p r e - B a l a  a g e .

There is  a well developed reticulate  dyke swarm on 

Middle Pell in  Wasdale. The dykes, associated with the Enner- 

date Granophyre, are intruded along prominent joints  in  the 

Borrowdale Se r ie s .  The dykes must, therefore,  be later  than



the j o i n t s .  The dykes trend in  two directions ,  approximately 

parallel  to the strike and dip  o f  the Barrowdale Series .  This 

suggests that the jo ints  were formed in  association  with the 

folding  of the B o r r o w d a l e  Series  and were later  f i l l e d  with the 

dykes.  The dykes (fro. the Ennerdale Granophyre are, therefore,,

probably later  than the folds .

Some of the evidence discussed above is  ambiguous,, some

is  rather hypothetical ,  but in  balance, the evidence supports 

the theory that the intrusion  of the Ennerdale Granophyre 

postdated the main Caledonian fold movements.

( B) Faulting.

The basal thrust of the B o r r o w d a l e  Series  can be followed 

westwards from High S t i l e ,  dipoing gently down, across Bleaberry 

Combe to its  contact with the Ennerdale Granophyre under Bed 

P ik e .  There the thrust plane is  bent abruptly upwards and i t

climbs over Red Pike ,  separated from the granophyre by a thin

a mile to the west of Red Pike lavas 
wedge of Skiddaw S lates .  A .mi

o f  t h e  B o r r o w d a l e  Series o c c u r  r e s t i n g  at a g e n t l e  a n g l e  on 

S k i d d a w  Slates , in t h e  r o o f  the  g r a n o p h y r e  on L it t le  Dodd and 

S t a r l i n g  Dodd. The i n t r u s i o n  o f  t h e  g r a n o p h y r e  h a s  l i f t e d  i t s

roof on Red Pike approximately 300 feet producing a  sharp.

,, . -fi-ip Borrow dale  S e r i e s .  The
m onocline  in  the basal  th rust

granophyre must, therefore,  be later than the thrust and the 

earth movements that produced the thrnst .  I t  could be argued 

however, that the same monocline would he produced by a deflec­

tion  of the thrust Plane by a massive intrusion  before the fold

Movements.



Thrusts on Floutern Crag, Herdus.

The Ennerdale Granophyre is cut by numerous high 

angled faults of three main trends, north-west, east-south­

east, and north, or north-north-east (see above). By 

comparison with other areas of the Lake D istrict  most of these0 

faults are believed to be of Devonian age. The granophyre 

is ,  therefore, older than the late Caledonian faulting .

The Herdus thrusts (g? 1^®) and the brecciation of the 

granophyre along its  contact in Low Beck , may be due to 

low angled movements initiated  during the final phases of 

the fold movements.

Evidence provided by the faulting shows that the

intrusion of the Ennerdale Granophyre postdated the major

thrusting but predated the phase of high angled faulting .

The intrusion may have taken place before the end of all the 

fold movements.



i_4) The General Relationships  of the Ennerdale Granophyre 

to the Structure of the Western Lake D is t r ic t .

A glance at a geological map of the western Lake D istr ic t  

vi l l  reveal a remarkable parallelism  between the outcrop of the 

eastern  edges of the Ennerdale Granophyre and the Eskdale Gra- 

n ite  and the outcrop of any particular  horizon ,  for example 

the top of the Lower Andesites ,  in the Borrowdale Series (F ig .  

J-9). The concordance between the Ennerdale Granophyre and the 

Borrowdale Series  is  most perfect from Burtness Combe to Haycock 

(see also Ward, 1876 ,  pp. 1 5 ) .

The outcrop of the b'nnerdale Granophyre is  elongated 

along the northerly  pre-Bala, anticline  ihat crosses the 

scafell syncline on Seatallan .  The Eskdale Granite outcrop 

ls  elongated along the Langdale anticline  and, near Muncaster, 

i t  is  elongated parallel  to the north south trend of thejBorrow- 

dale Series  (Rose, in Trotter et al 1937, pp. 5 2 ) .

The coincidence of the two intrusions  with major struc­

tural elements in the Borrowdale Series can be explained in 

three ways:-

( i )  I t  is  a coincidence of no s ign if icance .

( i i )  I t  is  due to a control of the structure of 

the Borrowdale Series by the intrusions .

( i i i ) I t  is  due to a control of the intrusions  by 

the structure of the Borrowdale Series .

The parallelism between the eastern edges of the Esndale

and Ennerdale intrusions  and the top of the Lower Andesites is
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a r e s u l t  of the c o in c id e n c e  of the in t r u s io n s  with  the major 

s t r u c t u r a l  f e a t u r e s  of the Borrowdale  i e r i e s .  tlus  p ara lle lism  

e x i s t s  for  over 15 m iles  from Butterm ere to B la c k  Combe. It  

i s ,  in  the w r it e r s  o p in io n ,  too p e r fe c t  over too g r e a t  a d i s ­

tance  to be a c o in c id e n c e  o f  no s i g n i f i c a n c e .

Assuming that the Ennerdale and UsKdale masses were 

intruded before the major fold movements then the Borrowdale 

Series  may be expected to have been 'moulded' over the forms 

of the pre-existing intrusions  by the fold movements. This 

would result  in  the form of the folds being related to the

* « . •  ̂ • ThP nutcrops of the contacts of the
form of the intrusions*  The o u x c i u f *

he parallel  to the outcrops of 
intrusions  would, in  general ,  P

j There is  much e v i d e n c e ,
the beds of the B o r r o w d a l e  series .

however, that suggests this  theory is  wrong.

The Eskdale G r a n ite  i s  believed to be later  than the

major Caledonian  Fold movements in  the area (Bose, in  Trotter

et a l ,  1937 ,  pp. 51 ,  Firman, 1957 ,  PP. 6 2 ) .  The Knnerdale

G r a n o p h y r e  i s  a l s o  b e l i e v e d  t o  be  l a t e r  t h a n  t h e  m a j o r  f o l d

+Korofnrp could not affect  the 
movements. The intrusions ,  therefore ,

structure of the Borrowdale Se r ie s .  The present out P 

Pattern of the Borrowdale Series  is  due to the north 

easterly  pitch of the Scafell  syncline and the Langdale anticline 

( F i g .  1 9 ) .  The pitch of these folds  is  constant for a distance 

of ten miles or more from the intrusions ,  far outside 

« n e  of in f lu e n c e .  The pitch of the folds  i s ,  therefore,  

independent of the intrusions  and the outcrop pattern of the



The form of the C a led o nian  fo ld s  in  the Borrow dale  S e r i e s ,  

t h e r e f o r e ,  must have e xe r te d  a control over the emplacement 

of  the E n n e r d a le  and Esk dale  i n t r u s i o n s .

The E s k d a le  and Ennerdale  in t r u s io n s  are in  close  

p ro x im ity  to the ju n c t io n  between the Borrow dale  S e r ie s  and 

the Sk iddaw  S l a t e s .  The Ennerdale  Granophyre  cuts  across

,, . , . a-n l and B utterm ere . The Skiddaw
t h i s  ju n c t i o n  between tform uii. >-

p +hp Eskdale  G r a n it e  at Muncaster 
S la t e s  are exposed  west of  tne i*,sjs.aa.x

/ _  . . , - , 0 0 7  pp . 18 )  and south o f  the Eskdale
(R o s e ,  in  T r o tte r  et a l ,  i y j / ,  XCJ>

n  u The s im i l a r it y  between the d istan c e
G r a n it e  at B la c k  Combe. The s i m i i a i i  y

a +0 t h e i r  b ase  i n  the Thirli—
from th e  top of  the Lower A n d e s i t e s  to tn e ir  oas

onj +he d is ta n c e  of the top of the 
mere to Butterm ere  area , and xn

t • t o a c + prn edge of the E s d a le  and Enner-
Low er  A n d e s it e s  to the e a s te r n  g

v j. +V1 0 + +hp e a s te r n  edges  of  the ESkdale
dale  i n t r u s i o n s  suggests  that  the e a s x e n  *

„ a t*p close to , and p a r a lle l  w ith , the 
and E n n e r d a le  in t r u s io n s  are

base  of the Borrowdale  S e r i e s .  ( F i g .  1 9 ) .

„  X! Cnnordale  and E sk d ale  in t r u s io n s  to 
The p ro x im ity  of the Ennerdale

xi Tories  was noted  by Marr ( 1 9 0 0 ,
the base  o f  the Borrowdale

■t „+ the En nerdale  Granophyre *a s  a 
PP . 4 4 9 )  who b e l ie v e d  that  tne

1 acr nlane that he thought separated  
l a c c o l i t h  in tr u d e d  along the 1 g P

the S k id d aw  S l a t e s  and the B o r r o w d a l e  j e n e s .  j r e e n  (

PP . 1- 30) fu r t h e r  e m p h a s i z e d  the co in c id e n c e  o f  the in tr u s io n s  

and the base of the B o r r o w d a l e  S e r i e s ,  sug g estin g  that  the 

i n t r u s i o n s  were sh eets  intruded  along the ju n c t io n  between the 

Sk iddaw  S l a t e s  and the Borrowdale  S e r i e s .  The present

Borrow dale  S e r ie s  must also  be independant  of the i n t r u s i o n s .
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confirms M arr's  a n d  Green 's  opinion  that t.ie j u n  

between the Skiddaw Slates  and the B o r r o w d a l e  Series  acted 

as an i m p o r t a n t  s t r u c t u r a l  control d u r i n g  the i n t r u s i o n  of 

the Estoale and E n n e r d a l e  m a s s e s .  It  d i s a g r e e s  w i t h  them 

however on the nature of ohis control*

Hollingworth  (Eastw ood  et a l ,  I 9 3 I »  p p .  1 7  

demonstrated that the E n n e r d a le  G r a n o p h y r e  is  a stock .  The

• a -■il, ar.iY shown on a structu re  
s to c k  form  o f  the  i n t r u s i o n  i s  cl© -

/n,r«v> 9 )  The v e r t i c a l  sides of 
contour* map of i t s  s u r fa c e  (Hap

* in  v n n e r d ale  and Butterm ere  but 
the sto c k  are  w e l l  exposed  i

j_-u mhe r 0 of of the  s to c k  is  much 
are not  seen  f u r t h e r  s o u t h .  It

^ *«r Mnllinrworth ,  w ith  two domes 
more ir r e g u la r  than s u g g e s t e d  7

. 0 ^ e a t  r o o f  pendant of u n c e r t a in  
on G a w f e l l  and Red P i ^ o ,  and a g~

The roof slopes gently  southwards
form  above  E n n e r d a l e  Watero

11 to W a s d a l e . On the north
from  i t s  h i g h e s t  p oint  on

f  rli-DS more s t e e p l y  and th e n  forms 
s id e  of  W a s d a le  the  r o o f  d ip s

the present f la t  f lo o r  of W a s d a l

/ ~ r -pr-inftr»dale Ora nopnyre_«_
-(5) The Tntr»usion of the__aijfj£i^ 2 --

~~~ . f  '-he i n t r u s i o n  of the E n n e r d a le
The m echanism  of ^he -

n rwmite is not known® It may have 
Granophyre and the Eskdale

, .  n f  the  x e n o l i t h s  i n  the
been stoping but the paucity

rfrmht- on this method oi
Ennerdale Granophyre  casts some

is d i f f i c u l t  to envisd0eo 
i n t r u s i o n .  An a ltern ative  howev , Mflle

« of the E n n e r d a le  and E s k d a le  
The i n t r u s i o n  sequence

i n t r u s i o n s  i s  b e l i e v e d  to  be as f o l l o w s .



The magma. was i n i t i a l l y  r i s i n g  through the Skiddaw  

S l a t e s .  The advancing  magma e v e n t u a l ly  reached  the 

o f  the Borrowdale S e r i e s ,  w h ich , being  m assive  and r e l a t i v e l y  

unbro ken , presented a b a r r i e r  to the r i s i n g  magma. The magma 

f i r s t  re ach ed  the Borrow dale  S e r ie s  at the base of the «y  

d i n e s  ( P i g .  20.  stage  2) and the e a s i e s t  passage for  furth er

advance was in t o  the s h atte re d  Skiddaw  S la te s  in  the a n t i c l i n a l

^  4>~wo +pnded to be deflected  into 
exes .  The magma flow, therefore,

the a nt ic l ine s  ( F i g .  20 .  stageS) and the whole intrusion  tended 

to move sideways underneath the a n t ic l in e s .  ( P i g .  20, stages 

4 and 5 ) .  When the magma had f i l le d  the anticlines  the 

of the intrusion  was a cast ,  except for minor irre g u lar it ie s ,  

of the base of the Borrowdale Series .  the only directi  

for further  advance of the magma was into the Borro.dale  

Se r ie s .  The main magma flow and intrusive force had already 

been deflected  into the anticlines in  stage 3, therefore, the

• • x • nnto the Borrowdale Series tended to be along
main intrus-ion into tne ^

the a n t i c l i n e s .  Minor e x c e p tio n s  to the above r u l e ,  such as

the W asd ale  Head  G r a n it e  in  the S c a f e l l  s y n c l in e ,  do occur .

,  a b o v e  c a n  e x p l a i n  s e v e r a l  f e a t u r e s  
T h e  t h e o r y  d e s c r i b e d

found in the Eskdale and Ennerdale intrusions .

( i ) The concordance between the contacts of the

QTm +he beds of the borrowdale Series 
intrusions  and tne oeas

( F ig . 20 . point X ) .

-lo + innshiD  of the intrusions and
( i i )  The  i n t i m a t e  r e l a t i o n s h i p  ox

the base of the Borrowdale Series .
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( i i i )  The concentration of the intrusions along 

the anticlines  in  the Borrowdale Series

( P ig . 20 , point I ) .

( iv )  The concordance between the contacts of the 

intrusions  and the Borrowdale Series in  the 

roofs of the intrusions  giving  way to discordant 

steep walls  of the intrusions at depth. (F ig .  2 0 ,  

point Z ) .

The control of the intrusions  by the folds in the base 

° f  the Borrowdale Series  could, of course, only affect  the 

course of the intrusions  after  they had reached the base of 

the Borrowdale S e r ie s .  The control was, therefore , re latively

s u p e r f ic ia l .

i§.l  Age of the Snnerdale liranoph.yre.

The lower age lim it  of the Ennerdale Granophyre is 

Provided by the ijorrowdale Series into which it  is  intruded.

Its  upper age lim it  is  fixed  by a pebble of Ennerdale Granopliyre 

found in  the conglomerates at the base of the Carboniferous 

Limestone at Hodbarrow, M illom  (M itc h e ll ,  1356 , pp. 4 0 6 ) .

The re lat io n sh ip  of the Ennerdale Granophyre to the structure 

of the surrounding area helps to f ix  the age of the granophyre 

more c lo s e ly . The Ennerdale Granophyre was intruded after  

the Main Caledonian fold  movements, which are themselves 

Post-Ludlow and pre-Old, Red Sandstone in age.

The Floutern Crag thrusts and the shattered contact in 

Low beck suggest that the intrusion  of the granophyre may have



taken place before the fold  movements had completely ceased. 

The granophyre is  cut by several high angled faults  of 

Devonian age. The age of the granophyre is ,  therefore , 

e ither  late S ilu r ia n  or early  Devonian, but is  perhaps best 

expressed as late Caledonian .

on Ur*',Minor intrusion

In tru s io n  of the Ennerdale  Granophyre. Diagrammatic
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I X .  Tinr mf.t AMOBPHT0 AUREOLE OF TF17- flMNEkDALE G B A N O f h l ,^

I .  In tro du ctio n .

The Ennerdale Oranophyre intrudes and metamorphoses 

rocks of both the Skiddaw Slates and the Borrowdale Volcanic 

S e r ie s .  The e f fe c t  of the thermal metamorphism is  d iffe re n t  

in  both of these rock se r ie s .  I'he major etfects  on the 

stidda. S lates  are a change in  their  colour from bine to green, 

an appreciable hardening of the slates  and a reduction in 

the ir  f i s s i l i t y . The greatest  a lteration  has taken place 

on Crag Poll and Herdus in  Ennerdale , where the slates have

i jl anH in r>laces soda metasoina—
been extensively recrystallized,

t i z e d . The metamorphic aureole in  the okiddaw olates is  remar­

kable for the variation in its width, which is only a few 

yards near Scale Bridge in Buttermere, but almost three miles

just south of Ennerdale.

The macroscopic e ffects  of the metamorphism of the 

Borrowdale Volcanic  Series are very s l ig h t .  The rocks tend 

to be darker in  colour adjacent to the granophyre dne to the 

formation of b iotite  and amphibole h o rn fe ls .  The major changes 

in  these rocks have occurred in the ferromagnesian m inerals. 

There is  a zoning in  the aureole with a narrow zone of 

b io t ite  h ornfels  and lo c a lize d  patches of  pyroxene hornfels 

adjacent to the granophyre, surrounded by a wide zone 

which chlorite  is  the major ferromagnesian m ineral, amphibole 

occurs throughout the aureole but is most common near the 

granophyre.



Dixon and Hollingworth , ( in  Eastwood, et al 1931 , pp. 34-41) 

have described  the metamorphism of the Skiddaw Slates west of 

the Ennerdale  Granophyre in  some d e t a i l .  They have id e n t if ie d  

three periods of metamorphism, a metamorphism by a hidden 

intrusion  which has produced the spotting in the B lakefell  Mud­

stones (see  Chapter l ) ,  a thermal metamorphism by the Ennerdale 

uran°phyre , and a hardening of the slates independent of the' 

hidden intrusion  and the Ennerdale Granophyre. The present work 

suggests that this  hardening of the slates ascribed to a separate 

raetamorphism was in  fact  caused by the thermal metamorphism by 

the Ennerdale Granophyre.

Hollingworth  ( i n  Trotter et al, 1 937 , pp. 38) has des­

cribed the metamorphic aureole within the Borrowdale Volcanic 

'̂ eries  west of the gra.nophyre. This description  has been con­

firmed during the present work and the mapping of the aureole 

within the Volcanic Series  has been continued along the eastern 

G^ge of the granophyre.

__The \|e tamorphic Aureole ffithin the Skiddaw S l a t e s .

A . Field Relationsh ip s .

The metamorphic aureole of the|Ennerdale Granophyre within  

the Skiddaw Slates is  shown in  Figure 3. The most striking  point 

about this  aureole is  the great variation  its  width, which as 

mentioned aj?ove, varies  from a few yards at Scale Bridge in 

Buttermere to nearly  three miles on the west side of the gra.no- 

°hyre south of Ennerdale . East  of the granophyre, on the south 

side of Buttermere Lahe , the aureole is  over a mile wide.



Dixon  and H o l l i n g w o r t h  believed  that the great width of 

the aureole in  the Bnnerdale area was not caused by the inner 

dale Granophyre . Herdns, Crag F e ll ,  Grike and Whoap were

believed to be formed of B l a k e f e l l  Mudstones that had been 

hardened independently of both the thermal effects of the 

Ennerdale Granophyre and the hidden intrusion that had caused 

the spotting in the Blakefell Mudstones. The altered slates

i hoiipved to be silicified indep- 
south of Ennerdale were also believed

endently of the Ennerdale Granophyre.

+V1 0 whnle of the aureole
The present work suggests that 

of altered slates around the granophyre is the 

metamorphism by the granophyre. Dixon's and HolLmgwo 

main reason for believing that the hardening oi the olates 

independent of this metamorphism, was that the hardening 

extended much further from the granophyre than appeared likely 

if it were caused by the granophyre. It is equally unlikely, 

however, th .t the hardening has been caused by an independent 

hardening agency from an unknown source. A similar hardening 

agency *ould also have to be invoked to explain the mile wlde

+h <side of Buttermere Lake. The slates 
aureole on the south side

, n a anoear to have been silicified as
south of Ennerdale do not appear

f ates from this area (Table 3) 
describedj for analyses of

- • mHuced into the rocks,
show that no silica has been

• , • between the Ennerdale Granophyre and the 
The relationship between

intrusion producing the Blakefell Mudstone aureole is uncertain. 

The separation of the two aureoles by a narrow strip of unalte*



slates suggests that the two Intrusions may be adjacent

• 4. The Blakefell Mudstone aureole-
cupolas on one large intrusion.

, j utr +Vip r>resence of minute spotting
however is characterized by the I

found in the Ennerdale
(Rose 1954) and no such spotting is

r u This suggests that there may be a funda-
Granophyre aureole. in is  sugg

mental difference between the intrusions.

The v ar ia t io n  in  the width of the aureole of the grano- 

nhyre is  not related  to the in c lin a tio n  of the waUs of the 

in tru s io n . The contact of the granophyre is  exposed in Far 

Ruddy Beck near Buttermere, dipping outwards at about 50 deg 

and the aureole in  this  area is  only about 50 yards wide. The 

contact of the granophyre across Ennerdale and south of Butter­

mere Lake is  p ra c t ic a lly  v e rt ic a l ,  but the aureole is  over a

mile wide in each case.

The in te n s ity  of metamorphism is  not related  to the

distance from the granophyre contact, therefore , it  must be

, factor in the s lates . Che most
related  to some anisotropic

v + nrs and probably the only ones great
obvious anisotropic factors,

enough to have produced the large variation in the width of 

the aureole, are the bedding and the cleavage. The most impor-

tant of these is the bedding.

=,+ in the east and west and narrowest 
The aureole is  widest in tne

= + extension of the aureole is almost 
in the north. This east-west ext

+ e«st to west-south-west strike of 
parallel  to the east-north-east

the bedding planes in  the s late s .  I t  i s  believed  that when the 

bedding planes in  the slates are cut by the g r a n o p h y r e  they



give easy access to metamorphosing agents and give rise to 

a wide aureole . The ease of access into the slates south 

of Buttermere Lake is  shown by the great number of s i l l s  in 

this  area . The passage of the metamorphosing agents across 

bedding p lanes , however, w ill be restricted  by the bedding 

lam ellae , therefore , when the bedding planes are parallel to 

the edge of the granophyre the aureole w ill  be narrow.

The anisotropy in the slates may have been emphasised 

a l i t t l e  by the intrusion  of the granophyre. The d i s t o r t i o n  

produced by the intrusion  would tend to close bedding planes 

parallel  to the contact and open those at right angles to the 

contact.

There are two major objections , however, to this theory. 

South of the l in e  of fe l ls  from Crag Pell to tilakely Raise 

the aureole narrows again , yet the relationships  between 

the edge of the granophyre and the strike of the slates remains 

constant. The second objection  is  that along the northern 

contact of the granophyre the slates  d ip  south at 40  to 90 

degrees and the granophyre contact dips north at 50 degrees.

The two planes are almost at right angles and there seems to 

he no reason why the aureole is not much wider.

The main metamorphic agents w-ere probably heat and 

water. The anisotropy of the slates would a ffect  the c o n d u c t s  

of heat but probably not to the extent indicated  by the v ar ia ­

tion  in  extent of the aureole. The passage of water or other 

v o l a t i l e ,  would, however, be greatly  influenced  by the aniso­

tropy, f o r  their  passage would be almost restricted  to the



partings  in  the s lates . Much of the feat  lost  from the 

intrusion  would be carried  in the v o la t ile s  or pass by con­

vection  through the v o l a t i l e s .  The importance of vo latiles  in 

the Wetamorphism is  shown by the widespread metasomatism on 

Crag Fell and Bowness Knott .

The aureole of the Ennerdale Granophyre can be divided 

into two zones, an outer and an inner zone. The outer zone is  

quite narrow over most of the aureole, but is  about a mile wide 

in the west around B lakely  and Latterbarrow . The slates in the 

outer zone c lo sely  resemble the normal Skiddaw Slates , except 

they are yellowish-green in  colour instead of dark blue . The 

colour change from blue to green is  d is t in c t  and sharp so that 

the outer edge of this  zone can be mapped with some accuracy. 

<ioll ingworth (Eastwood, et a l , 1931 , pp. 36) believes  that 

the wide xone of discolouration  in the slates is  caused by 

sup erfic ia l  we a, the ring .

The inner zone occupies most of the aureole, and is 

P r a c t ic a lly  the same as the aureole mapped by Dixon and H o llin g ­

worth. The slates  of the inner zone are usually olive green in 

colour except when stained by haematite, in  which case they may 

be a purplish  colour . They have lost  much of their  f i s s i l i t y  

ar*d are much more massive than the normal s lates . The original 

bedding planes in  the slates  are preserved as laminae in  the 

b o rn fels . O r ig in a l  structures in  the slates are also preserved, 

^ ° r example small scale zig-zag folding  in hornfels  above Burt- 

ness Wood (G .R .  1 7 7 8 1 5 4 3 ) .



The inner zone increases in  extent with depth. The 

hornfels  on the summit ridge of Grike are more f is s i l e  than 

the massive hornfels  in  the c l i f f s  lower down the north slopes 

of the h i l l .  F iss ile  hornfels  on the outer zone extend up the 

north shoulder of herdus as i f  the slope of the north end of 

Herdus is  coincident  with the junction  between the outer and 

m n e r  zones. A sim ilar  increase in extent of the inner zone 

of the aureole with depth is  seen south of Buttermere Lake.

Ha.stall (1 9 0 6 ,  pp. 296) and later  Green (1 9 1 7 ,  pp. 15) 

remarked on the lack  of cleavage in  the slates adjacent to the 

Sranophyre and suggested that the hardening of the slates by 

metamorphism had protected them from cleavage. I t  has been 

shown however that the fold  movements that produced the 

cleavage preceded the intrusion  of the granophyre. The cleavage 

and the bedding planes of the slates  of the inner zone of the 

granophyre aureole must, therefore , have been destroyed by the 

metamorphism.

The hornfels  on Crag Fell and Grike are commonly a pink 

colour, and in plac’es resemble fine f e l s i t e s .  The pinK hornfels 

do not occupy a well defined  zone, but in general they are 

c °n f in e d  to the north slopes of Grike and Crag Fell east of 

^oat G i l l ,  and are commonest close to the edge of the granophyre.

The whole rock may be pink over quite large areas, for

:L
example on the east wing of Angers Crag. In  many places, however, 

^he pink f e l s i t i c  hornfels  occur as selvages on either  side of 

jo ints  in  the normal green h o rn fe ls .  This suggests that the



pink colour has been caused by solutions passing along the 

jo in t s .  A dyke-like mass of hornfels  which resembles fine 

pink  fe ls ite  very c lo sely , is  marked by a line  of prominent 

Pinnacles  on Crag F e l l (G .R .  0 9 5 8 1 4 7 5 ) .  This mass is  about 

200 yards long , 30 yards wide, and has v ertica l  contacts . I t  

is  cut by numerous quartz and pegmatitic v e in s . The 'dyke ' 

may mark the site of a major fracture or jo int  in  the hornfels .

An analysis of a specimen (K 9616) of pink fe ls it ic  

hornfels  from Crag Pell Pinnacle shows that it  has been con­

s iderably  enriched in  soda when compared with the normal horn­

fe ls  and unaltered  Skiddaw Slates ( Table 3 . )  The pink 

f e l s i t i c  character i s ,  therefore , believed  to be the result of 

soda metasomatism. The metasomatism of normal hornfels  along

+h#it the metasomatism took place 
the edges of jo ints  shows thax xne

after  the h orn fe ls in g .

A small area about 150 yards across, of whitish-grey

f e l s i t i c  hornfels occurs just north-east of Sown How (G .R .  

117159). This area of white hornfels is surrounbd by

olive green hornfels -veined' by *hite hornfels. The white 

hornfels veins which form a rectilinear pattern, are sometimes

a ovo actually metasomatised selvages along 
cored by quartz and are actually

the edges of jo ints  in the green hornfels .

The s im ilar ity , a p .r t  from their colour, between the 

felsitic  hornfels  of Brown How and Crag Pell suggests that 

they are of sim ilar o r ig in . White fe ls it ic  hornfels  occur as 

selvages to pegmatitic quartz and feldspar veins on Brown 

How. This  suggests that the metasomatic hornfels  and the



Pegmatites were formed at the same time. The sodic feldspar 

in the pegmatites certa in ly  show that the solutions passing 

along the pegmatite veins  were sodic in character .

Two thin  s i l l s  of white porcellaneous fe ls ite  containing 

numerous phenocrysts of white feldspar in gbmeroporphyritic 

groups up to three millimetres in diameter, are exposed on 

Bowness Knott (G .R .  1 0751536 ; G .R .  1 1 1 8 1 5 5 5 ) .  The fe ls ite  

does not resemble the rock of any minor intrusions  associated 

with the Ennerdale Granophyre but does closely  resemble the 

white f e l s i t i c  hornfels  on Buown How. The contacts of the s i l l s  

in  places are sharp but elsewhere the fe ls it e  grades in sen sib ly  

into the normal green hornfels  over a distance of a few inches .

These s i l l s  are believed  to be of metasomatic o rigin  and 

to represent a further stage than the white f e l s i t ic  hornfels 

° f  Brown How in  the metasomatism of the Skiddaw S lates . They 

™ay have been included by Hollingworth ( i b i d . ,  1 931 , pp. 45) 

in minor f e l s i t ic  intrusions  associated with the granophyre.

B . Petrography

i .  The Outer Zone of the A ureole .

The slates are very similar to the normal dark blue laminated 

slates , except that they are a yellowish-green colour and are 

^  l i t t l e  harder. In  thin  sections, ( E  9218 , E 9219 , E  9220) 

they are in d ist in g u ish ab le  from normal akiddaw Slates ( E  9613 ,
*

see Chapter I ) .  The seric ite  in  the hornfels  shows signs of 

r e c r y s t a l l iz a t io n ,  for i t  loses  its  parallel orientation  and 

*n places is coarser than normal. I t  occurs in  specimen S 9219



from 140 yards from the contact with the granophyre, 200 yards 

west of Scale Force, in  radiating  groups of flakes  about 0 .1 5  

mm. 1 ong .

Specimens of Latterbarrow  Sandstone (E 9302 , 3  9303) 

taken from Lank Rigg (G .R .  09381100) 300 yards from the grano­

phyre show no metamornhic e ffects  in  hand specimen or in thin 

section . A fine  sandstone from Burtness Low Crag (E 9304 ;

G .R .  18411492 )  s im ilarly  shows no e ffects  of metaraorphism, 

although i t  is  actually in the inner zone.

i i .  The Inner  Zone of the A ureole .

The greater part of the inner zone is  composed of rocks 

somewhat sim ilar  to those in  the outer zone, but more massive 

and darker green in colour . In  hand specimens they are fin e , 

hard, massive olive-green rocks, commonly laminated parallel to 

the orig inal  bedding . They are very f in e ly  granular in  texture 

in places , particularly  on the c l i f f s  on the Ennerdale- side of 

Crag Fell and G r ik e .

The hornfels  vary in  appearance in thin section . The 

m ajority  have retained much of their  original clastic  appearance 

and c lo sely  resemble the hornfels  of the outer zone. Chlorite 

Pseudomorphs after  b iotite  crystals  up to 0 . 2  mm. in  diameter

°ccur in  some specimens but are only common very close to the 

granophyre.

Specimens E 9614 and E 9615 from Ben G i l l  and Goat G i l l  

in  the c l i f f s  on the Ennerdale side of Grike are more altered 

in appearance. The original laminated c lastic  structure of
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these rocks is  p a r t ia lly  obscured by a patchy development of 

ser ic ite  and c h lo r it e .  The ser ic ite  is  concentrated in spheres 

about 0 . 4  mm. in  diameter, yhile  the chlorite  occurs in  the 

in t e r s t i t i a l  areas between the spheres. The spheres in speci­

men E 9615  have coalesce-d and the ch lo rit ic  areas are preserved 

as patches in  the s e r ic it iz e d  rock. The spheres may have 

produced the f in e ly  granular texture of the hand specimen.

The hornfels  of the inner zone becomes fe ls it ic  in 

character in  places on Crag Pell and Bowness K no tt . Soecimen 

E 9616  from the Crag Fell Pinnacles (G .S .  09521477) is  a fine 

f e l s i t i c  rock striped  pink and yellow , the stripes  picking 

out the broad bedding lam ellae . There are rare femic clots 

up to one m illim etre  in  diameter scattered through the rock. 

Fine pink f e l s i t i c  hornfels  in specimens E 8772  and 10009 from 

the same l o c a l i t y  is  veined by quartz, feldspar  pegmatite.

The f e l s i t ic  hornfels  are composed of a quartzo-felspathic 

mosaic about 0 .0 5  mm. in grain  s ize .  Anhedral crystals  of 

feldspar  up to 0 . 4  mm. in  diameter have grown in this  base and 

the high  soda content of specimen E 9616 (Table  3) suggests 

that this  may be a l b i t e . Sericite  occurs in  flakes scattered 

through the matrix and in  clots up to 1 . 3  mm. in  diameter. 

Chlorite  is  present and is  fa ir ly  common close to the pegmatite 

v e in s .  Accessory minerals include schorlite  in  prisms 0 .2  x 

D . l  mm. in  size  in clumps up to 0 . 5  mm. in  d i m e t e r ,  leucozene, 

r u t i le ,  sphene, apatite and rare zircon .



The metasomatic porphyritic fe ls it e  s i l l s  on Bowness 

Knott (E 9288 ;  E 9299) are composed of very fine  white felsite  

containing numerous white feldspar  phenocrysts up to 2 .5  mm. in 

diameter in  glomeroporphyritic groups up to 4 mm. in  diameter. 

Clots of a dark green mineral up to 2 .5  mm. in  diameter occur 

sporadically  in  the f e l s i t e .  The fe ls ite  commonly changes to 

a Pink colour along fractures .

The matrix of these fe l s it e s  is  a quartzo-feldspathic 

mosaic with a grain  size  of 0 *1  t o O .2 ;  millimetres in  diameter. 

The crystals  in  the mosaic have complex sutured margins and 

are very  irreg u lar  in  shape. The phenocrysts are gloraeropor- 

phyritic  plagioclase  prisns which are full  of sericite  but s t ill  

retain  very faded tw inning . The plagioclase  is  probably oliigo>- 

clase but the extensive a lteration  manes its  determination 

uncerta in . Penninite  occurs in scattered irregular  patches 

in the m atrix. Accessory minerals include leucoxene, sphene, 

c alcite  and rare zircon .

Stain ing  of specimens of f e l s it ic  hornfels  from Crag Pell, 

and specimens of porphyritic f e ls it e s  from Bowness Knott show 

that potash feldspar  is  almost absent from both.

C . Petrochemistry.

Three chemical analyses of Skiddaw Slates  have been made 

in order to study the chemical changes that have taken place 

during the metamorphism of a normal SKiddaw Slate to a massive 

hornfels  and then to a fe ls i  t ic h o r n fe ls . The specimens for 

analysis  (Table 3) have been taken as close as possible from 

along the strike of the Skiddaw S lates , in  order to ensure



that th e ir  original compositions were sim ilar .

The unaltered slate (E 9613) is  a dark blue laminated 

mudstone from Oxenstone Beck (see pJ-/ ) .  The massive 

hornfels  (E 9614) has been taken from the head of Ben G il l  

gorge (G .Ii . 0 8351476 )  and the f e l s it ic  hornfels  (E 9616) comes 

from the Crag Fell P innacles .

The chemical changes in the change from an unaltered slate 

to a. passive  hornfels  are not great . The carbon has been 

expelled  from the slate and the water content has been reduced. 

The percentages of CaO, NagO, and have risen  appreciably

and the amount of MnO in  the rock has been reduced by h a l f .

The hornfels has not been silicified for the SiOg percentage 

has been slightly reduced.

The change from massive hornfels  to f e l s i t i c  hornfels  

has involved important chemical changes. The amount of soda 

has increased almost five fold to almost eight percent, and the 

amount of total iron has been reduced by the same amount. The 

Percentage of HgO and MnO in the rock have been greatly  reduced. 

The amounts of T i02 , AlgOg and CaO have increased a l i t t l e  and 

MgO and KgO fa llen  a l i t t l e .

These analyses show that the change from an unaltered 

slate to a massive hornfels  does not involve any important 

chemical changes and must be mainly a process of r e c r y s t a l l iz ­

ation . The production of a f e l s it ic  horn fe ls , however, involves 

the replacement of iron by soda by a process of soda metasoma­

tism. This is  seen in  the rock as a great reduction of iron 

ore and ferromagnesian minerals and a development of sodic



C H E M I C A L  ANALYSES 

50 5 50 6 507 
E 9613 E96lLf E 96 I 6

Si0 2 59 .89 59 .39 58 .76

T i02 1 .02 1 . 12 I .29

Al2°3 18 .82 18 .99 23 ,0b

F e '203 0 .9 5 I .09 0 .3 7

FeO 7 .5 5 6.80 0.8*+

MnO 0 .1 3 O 0O7 0 .01

MgO 2 .12 2.06 1 .98

CaO 0.50 I .03 2 .39

Na20 0 .66 I.6tf 7 .6 6

k 2o 2 .5 ^ 3 .28 1 . 51

h 2o+ if.89 3 .95 1 .6 2

h 2o- 0 .70 0 .11 0 .1 9

p2°5
0 .28 0 .3 6 0 .2*+

c 0 .1 2

Total 100.17 99.89 99.90

S P E C T R O G R A P H I C  A N A L Y S E S  ( I N  P . P . M . )

TABLE 3

S809 S8IO S8II S80 9 S8IO S8I I
E96I3 E96l*+ E96I6 E96I3 E96l^f E96I6

Ba 550 700 300 Ni 75 85 ^5

Be II 9 5 Pb -C'lO <ao -C'lO

Co 10 10 < 10 Rb 180 200 75

Cr 95 130 170 Sc 15 15 15

Ga 27 23 30 Sr 120 IbO 1+00

La <100 <"100 -<100 Ti >3000 >3000 >3000

Li 120 50 n o V 120 180 170

Mn 1800 600 70 Y 65 60 30

Mo 7 5 < 3 Zr 300 300 170

Nb 60 60 30

Chemical analyse s 50 5 and 50-6 by Margaret H,, Kerr.
Chemical analysis 507 by Joy R .  Bald\^in.
Spectrographic analyses by Joan M. R o o k e .

E96l3.50 5»S809. Skiddaw Slate. Oxenstone Beck, Ennerdale. 
E 96 l^ .506*3810. Hardened Skiddaw Slate. Ben G ill , 
Ennerdale.
E96l6.50 7 «S 8 l I . Felsitic Skiddaw Slate. Crag F ell , 
Ennerdale.



p la g io c la se . The percentage of MgO has only fa llen  slightly  

suggesting that the greatest  changes has been in the removal 

of iron ore. Iron may ha/ve been emoved from the ferromagnesian 

m inerals changing them to magnesian m inerals. The ‘EiOg in 

the f e l s i t i c  hornfels  c h ie fly  occurs as rutile  and sphene.

This TiOg may have been p artially  derived from original 

il-menite but the abundance of rutile  in associated pegmatites 

suggests that some has been introduced.

The id e n t if ic a t io n  of the soda metasomatism associated 

with pegmatites suggested that there may be some enrichment in 

trace elements in the fe ls it ic  h o rn fe ls . Spectrographic 

analyses of the above specimens, however, shows no s ig n ifica n t  

enrichment in  any trace element. The most strik ing  change in 

the specimens is  the reduction of manganese from 1800  p .p .m . 

in  unaltered  slates to 70 p .p .m . in  f e l s it ic  horn fe ls .

3« The Metamornhic Aureole w ithin  the Borrowdale Volcanic 

S e r i e s .

A. Introduction .

The metamorphic aureole within  the Borrowdale Volcanic 

Series  cannot be mapped in the f ie l d  because the e ffects  of 

metamorphism in  hand specimens are very s l ig h t .  The volcanic 

rocks tend to be darker in  colour and have a purplish  tinge 

close to the granophyre because of their  change to biotite  and 

amphibole hornfels  . The outer lim it  of these effects cannot 

be determined in  the f i e l d .



A microscopic examination of volcanic rocks that have 

been metamorphosed by the Ennerdale Granophyre shows that the 

major changes produced by the metamorphism have been in the 

ferromagnesian m inerals. Pyroxene has changed to amphibole, 

b io tite  and c h lo r ite ,  and chlorite  has changed to biotite  and 

amphibole. The metamorphic aureole can, there tore oe mapped 

by microscopic examination of chosen specimens. The accuracy 

of the mapping w ill  depend on the number and scatter of the 

chosen specimens.

The delim itatio n  of the metamorphic aureole\Ln the above 

manner is  not as simple as i ^  at f ir s t  appears. Secondary 

a lteration  in  the volcanic  rocks is  common, and the c-tuse of 

any sp ec ific  a lteration  is  o ften  d i f f i c u l t  to determine, for 

the rocks have been subjected to at least  three d if fe r e n t  

periods of a ltera tio n . These are deuteric a lteration  during 

eruption  and for a short period after  eruption, regional 

alteration  during the Caledonian earth movements and thermal 

metamorphism by the Ennerdale Granophyre. S im ilar  secondary 

alteration  has been described by Hollingworth ( i b i d .  pp. 27-39) 

in  the Borrowdale Volcanic  Series west of the Ennerdale Grano­

phyre, and by Firman ( i b i d .  pp. 45) in  the Lower Andesites 

adjacent to the Eskdale G ran ite .

B . F ield  R elationsh ips^

The general d istr ib u tio n  of the ferromagnesian minerals 

in  the Borrowdale Volcanic Series  adjacent to the Ennerdale 

Granophyre is  shown in F ig . 21 . The ferromagnesian minerals 

in the aureole show some zoning, but the boundaries of the
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The M etamorphic Aureole of the
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zones are not well d e f in e d .

Pyroxene h ornfels  occur in  small lo c a lize d  patches 

adjacent to the granophyre, but the characteristic  inner zone 

° f  the aureole is  a narrow zone of b io tite  horn fe ls , which

rprely  exceeds 200 yards in  width. Outside the b iotite  zone

the • m
major stable mineral is  c h lo r ite .  ^ h i b o l e  occurs through-

0ut the zones of pyroxene and b io tite  hornfels  and extends into

the chlorite  zone. The metamorphic aureole may, therefore , be

subdivided into  three main zones:;-

B io t ite  Chlorite

Granophyre: Amphibole : Amphibole : Chlorite

Local Pyroxene

There are in d icatio n s  that the chlorite  zone passes out­

wards into a narrow zone of primary pyroxene with amphibole,

^or example E 10220  from Worm G il l  (G .R .  0 8 9 8 0 9 1 9 ) ,  and f in a lly  

ln to unaltered  rocks with fresh  primary pyroxene as in  E 10354 

rom ^ i t t l e  Gowder Crag (G .R .  1 4 0 4 1 0 9 8 ) .

The true lim its  of the thermal aureole are d i f f i c u l t  to

X> •

for the o r ig in  of the minerals on which the limits are based 

ls u ncerta in . The outer lim it  of the chlorite-amphibole zone 

Xs Perhaps the best lim it  of the aureole. The aureole, thus 

defined , i s a few yards wide on Steeple , almost h a lf  a mile 

wide in  Worm G i l l  and the Bleng V a lle y , about h a lf  a mile wide 

ln Burtness Combe and at Pots of Ashness and a mile wide on the 

s°uth  end of S eata llan . This aureole is  based on the assumption 

^hat the chlorite  which occurs outside the zone of secondary



hornblende is  not connected with the granophyre and is 

probably of deuteric  o r ig in .  I f  the chlorite  is  a product 

retrograde raetamorphism, then the aureole is  much wider.

—The Secondary A lterat io n  in the Borrowdale Volcanic 

S e r i e s .

The r e c r y s t a l l iz a t io n  and a lteration  of feldspar to 

idote and se r ic ite  is  w idespread. This a lteration  varies

f* I*
s ligh t  a ltera tio n  with a few crystals  of epidote or 

ser ic ite  in  the fe ldspar  to complete replacement of the feld- 

Par. Jt is  impossible to decide how much epidote in  any 

s 1ecimen has been produced by alteration  of the feldspars 

situ and how much has been introduced during the epidotiz- 

ation of the rock as a whole.

Ep ido te , mainly pistacitej* is  abundant in  feldspar  crystal 

hut is  also common in veins or cracks (E 9 9 2 4 ) ,  amygdttles 

(E 99 27) and in  the matrices of almost all specimens. The 

abundance of epidote appears to be governed by the nature 

° ‘ the rock. I t  is  most abundant inyes-icular lavas as an 

amygdule m ineral, in sheared rocks along cracits and in  tu ffs .

It  i s leag-k abundant in  massive, fine or a.phanitic lavas . The 

ePidote is  most l ik e ly  of several generations for its  abundance 

ln aniygdales suggests that some may be of deuteric origin , but 

1 ts frequent occurrence on jo int  planes shows that much is of 

la ter  o r ig in .  Hollingworth  and Firman note that the intensity  

of e p id o t iza t io n  increases  as the Ennerdale and Eskdale intru­

sions are approached. They suggest that the epidotization  is 

in  oart due to thermal a lteration  by the granitic  intrusions .



This  e f fe c t  has not been observed in the present area but 

i t  is  l ik e l y  that some epidote has been produced by meta­

morphism by the granophyre. The present area may be coin­

c ident  with the area of epidote enrichment and the concentrati 

of epidote may well fa ll  away from the granophyre.

The iron ore in  almost all specimens has been badly 

a ltered . Ilm enite has usually  been changed to leucoxene 

and secondary sphene. Magnetite is usually fresher than 

ilm enite but has been changed to haematite in  some specimens. 

The ferromagnesian minerals in  an andesite from a roof pendant 

in Caw G i l l  (G .R .  10350911) have exsolved iron as magnetite 

which now ghosts the ferromagnesian crystals  as dense clouds 

of t in y  cry sta ls .  This may explain  the abundance of find 

magnetite in  other specimens (E 10123 ; E 9 3 0 9 ) .

Qua.rtz is  present in the matrices of a few specimens 

such as specimen E 9920  from Starling Dodd. The origin  of 

this  quartz is  uncertain , bat it  may have been introduced 

during deuteric  alteratbn , during s i l i c i f i c a t i o n  by the 

Ennerdale Granophyre, or it  may be primary quartz . Holling- 

worth notes that s i l i c i f i c a t i o n  is  quite common in  the more 

acidic  lavas , p articularly  in  regions adjacent to the Enner­

dale Granophyre, and suggest that some of the s i l i c i f i c a t i o n  

is  connected with the intrusion  of the granophyre.

Many of the changes in  the ferromagnesian minerals have 

been caused by thermal metamorphism by the Ennerdale Grano­

phyre. The original ferromagnesian mineral of the lavas 

was probably a pyroxene sim ilar  to the augite from L ittle



Gowder Crag (E 1 0 3 5 4 ) .  This original pyroxene has been 

exten siv ely  altered  to ch lo rite , b iotite  and hornblende. The 

stable feromagnesian minerals adjacent to the granophyre are 

°yroxene, amphibole and b io t it e ,  but over much of the present 

area the only stable ferromagnesian mineral is chlorite  ( F i g . 21) 

P r a c t ic a l ly  all the chlorite  has a very low birefringence  

and anomalous blue p o la r izat io n  colours which suggest that it  

ls p en n in ite .  Pyroxene phenocrysts have often been pseudomor- 

Phed by penninite  which is  optica lly  continuous over the whole 

crystal . in  some specimens, for example specimen E 9924 from 

^igh  Stile , the chlorite  in the pseudomorphs appearsto be 

r e Placing a fibrous  m ineral, possibly an amphibole. The 

°r ig in a l  pyroxene had p ossibly  changed into an amphibole before 

the chi o r it e .  Chlorite  is  also abundant in small flakes in 

feflspars, amygdules, veins  and in the matrixes of rocks.

Some of this  a lteration  to chlorite  may have taken place 

during retrograde metamorphism by the Ennerdale Granophyre 

hut much is  believed  to predate the intrusion  of the granophyre. 

Small f ib r e s ,  and in  some cases, larger crystals  of amphibole, 

are commonly found growing in  chlorite  in  amyg dales or pseud- 

°morphs (E 9 9 2 6 ) .  The amphibole is believed  to have been 

Produced by metamorphisra by the granophyre, therefore , the 

chlorite  must predate the granophyre. An andesite close to 

the contact of the granophyre in Greendale G il l  (G .R .  14250609 ; 

contains numerous amygdales which are now filL ed  with hornblende 

and a pyroxene, probably augite . The hornblende and augite are



believ ed  "to have been derived  "through met amor phi sin by the 

granophyre from chlorite  which o r ig in a lly  filled the amygdales.

Pyroxene occurs in local*-ized patches of pyroxene hornfels 

very close to the Granophyre, where the lavas have been most

in te n sely  metamorphos— e d . A specimen (E 9221) from the base
/

of Chapel Crags in  Buttermere, is  ne^veined by poik iloblastic  

crystals of hypersthene up to nine m illim etres across. Ihe 

specimen from Greendale G i l l  mentioned above is  a pyroxene 

amphibole h o rn fe ls . Augite occurs in  the centres of a few 

amygdules in  anhedral crystals  approximately 1 . 5  ram. in 

diameter. The rest of the amygdales are made up of horn­

blende in  spherulites  of acicular  crystals  up to 0 ‘ m i l l i ­

metres long which appear to be repkcing the augite . Horn­

blende is  also abundant through the rest  of the specimen in

crystals  up to 0 . 2  ram. in  diameter.

Biotit-e is  the characteristic  mineral in  the hornfels

in  contact with the granophyre. The b io tite  iisually occurs 

as a cloud of brown flakes  between 0 .1  and 0 . 2  mm. in  diameter 

dissem inated through the rock. The flakes  are commonly con­

centrated in  c lots , but they do not pseudomorph any earlier  

minerals . B io t ite  hornfels  are well seen at several points 

along the contact, for example Cawfell Beck (E 9 3 0 9 ) ,  Buck-

barrow (E 8745 )  and Chapel CragS (E 9 2 2 2 ) .

Hornblende is  present over much of the metamorphic 

aureole of the Ennerdale G r m o p h y r e . I t  is  associated with 

Pyroxene in  hornfels  from Greendale Beck, but also occurs 

alone in  amphibole hornfels  from High Pike Haw (E 1 0 3 5 7 ) .



- ■ u nrnf p i s on Buckbarrow,  but
Hornblende is  common in  b io t it

i s  a ls o  common outs id e  the b i o t i t e  zone i n  a s s o c i a t io n  with  

c h l o r i t e .  The hornblende  commonly occurs  as pseudomorphs a f t e r  

pyroxene (E  9 9 2 6 )  i n  which one c r ys ta l  of pyroxene 

replaced by one crystal of  am phibole .  I t  i s  a lso  present as 

small c r y s t a l s  d is s e m in a t e d  through many specimen 

specimen E 10119 from Cat B i e l d s  ( G . R .  1 3 1 o 0 6 8 o ) , and

ragged f i b r o u s  c r y s t a l s  or masses of f i b r e s  r e p l a c in g  inter-

tv q q ?0  from S t a r l i n g  Dodd,  
s t i t i a l  c h l o r i t e  as in  specimen E 9 9 ^

_ i kirf i ip have been formed, by 
The secondary pryoxene and bidite

progressive thermal metamorphism by  the En n e r d ale  Oran op h y re .

The wide range of  the horn blen de  through  the metamorphic aureole 

o f  the granophyre  suggests  that  i t  was stable  over a wide range 

i n  temperature  and th a t  t e m p e r a tu r e  was not tne sole factor  

promoting i t s  growth .  The hornblende  occurs  f . r  outside  the 

b i o t i t e  zone i n  re g io n s  where thermal e f f e c t s  would be e x p e c t e d  

to be n e g l i g i b l e .  Firman d e s c r i b e s  a s im i la r  phenomenon zn the 

E s k d a l e  G r a n it e  a u r e o l e  where secondary  hornblende  characterzs-

t i c a l l y  occurs  outside  the b i o t i t e  zo ne .  T h is  has been con-

. .  . , , QR1 p,ie  3) .  The factors other than tem-
firmed by O liv er  (1 9 o l ,  tfig»

• .  the development of the hornblende are
perature which promote tr -

*
unknow n .

. _ ^  \ureole of._the_Ennerd_ale Gr_a.no-
D . A co111 pw.nson of^ng--^--- —

i nth^r  I n t r u s i o n s  in  _the_
?hyrP w ith  T h ^ A u r e o l e ^ f _ o t n e r _ i --------------

Lake  D i s t r i c t . .

The m i n e r a l o g ica l  changes  i n  t h e  aureole  of the E n n e r d a l e

Granophyre  are v e r y  s im i la r  to those d e s c r i b e d  by Firman



pp.  4 5 )  from the much r i d e r  aureole  of the Es k d ale  G r a n i t e ,

where the b i o t i t e  .one  i s  approxim ately  a mile wide over

most of it s  outcrop ( i b i d .  Pig. 3 ) .

Metamorphism of the Skiddaw S la t e s  by the Sk iddaw  G r a n it e

(8 a s t a . l l ,  1 9 1 0 )  i s  e xtrem ely  inte ns e  when compared w i t h  the 

e f f e c t  o f  the En n e r d ale  Grrophyre  on these  b e d s .  The s l a t e s  

in  the aureole  of th<S Skiddaw  G r an it e  in c lu d e  such rock types 

as c h i a s t o l i t e  s l a t e s  and c o r d i e r i t e  andalus- ite  h o r n fe ls  

w hile  the s la t e s  over much of the En nerdale  Granophyre  aureole  

are b a r e l y  a l t e r e d .  Thomas and H o l l in g w o r th  ( in  Eastwood ,  

et  a l ,  1 9 3 1 ,  pp. 4 1 )  suggests  that  anda 

some h o r n f e l s  a d ja c e n t  to the En nerdale  G ranophyre .

The m in e r a l o g ic a l  changes  in  a n d e s it ic  lavas  in  the 

Shap G r a n it e  aureole  (H a r k e r  and Marr ,  1 8 9 1 )  are s im i l a r  to 

those in  the Ennerdftle Sr a io p h y re  a u r e o le ,  except  that  at 

Shap ,  b i o t i t e  occurs  towards the outer  edge of the au r eo le .

The metamorphism around the Shap G r a n it e  has been more intense

than around the Eu n e rd a le  Gr<n ophyre,  and metasomatism has

, i +hp mineral  og ical  changes  (Firman, .
Played  an important  part  i n  the miner ug

1 9 5 4 . )

, • v, +v>o TVrekeld m ic rog ran ite  in tr u s i o n s  is  
Metamorphism by the i^reKeia n.xc g

ve r y  s l i g h t .

• 4.- „  -in + e n s i t v  of metamorphism, and in 
The v a r i a t i o n  m  m t e n s i

the typ es  of metnmo-rphism, by the Leke  D i s t r i c t  g r a n it e s  

must be the r e s u l t  o f  e i t h e r  a v a r i a t i o n  in  the g r a n ite  masses,  

or a v a r i a t i o n  i n  the rocks  being  a f f e c t e d .  V ery  s i m i l e
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r ocks hpve been metamorphosed with very d ii ie r e n t  results by 

d if fe r e n t  g ran ites , for example Skiddaw Slates by the Skiddaw 

Granite and the Ennerdale Granphyre, or andesitxc lavas by 

the Ennerdale Granophyre, Eskdale Granite and Shap G ran ite .

The v a r i a t i o n  i s ,  t h e r e f o r e ,  most l i k e l y  in  the in tr u s i o n s

th e m s e l v e s .

The most obvious  v a r i a b l e s  in  a g r a n i t i c  body that  could 

a f f e c t  i t s  metamorphic act ion  are i t s  temperature ,  i t s  rate  of  

c ° o l i n g  and the abundance of v o l a t i l e s  in  the g r a n i t e .  The 

tem peratures  o f  the i n t r u s i o n s  cannot be determined  but i t  is

u n l i k e l y  th a t  they  v a r i e d  much.

The rate  of  c o o l in g  of  an in t r u s i o n  w il l  depend on its  

depth of  b u r ia l  and i t s  s i z e .  The depute of b u r ia l  of  the Lake  

D i s t r i c t  g r a n i t e s  would probably  be s im i l a r  for  they  are o f  

s im i la r  age ,  are close  to geth er ,  and reach  s im i l a r  e l e v a t io n s  

at the p r e s e n t  t im e .  The la r g e r  g r a n i t e s  should cool more 

s lowly  and have wider  aureoles  than the smaller  g r a n i t e s .  The 

En nerdale  Granophyre  i s  one of the l a r g e s t  i n t r u s i o n s  in  the 

L *ke D i s t r i c t ,  but has one of the narrowest  a u r e o l e s .

The amount of v o lat ile s  in  an intrusion  will  be reflected  

in the in te n s ity  of its  hydrothermal, pegmatitic and metasomatic 

e f fe c t s .  The Skiddaw Granite is  noted for the G ra in s g ill  j r e is e n  

and the associated m in era lizatio n . Firman has described the 

metasomatism in  the aureole of the Shap G ran ite , which suggests 

that v o la t ile s  may be the most important factor in  the metamor- 

Phism. The Ennerdale Granophyre, however, was also rich in 

v ° l a t i l e s ,  for the Main Granophyre has metasomatized large



masses of d iorite  in  the granophyre, and also areas in  the 

Skiddaw Slates  in Ennerdale . The Main Granophyre at the west 

end of Gale Fell has been converted into a fine grained greisen . 

The e f fe c t  of v o la t ile s  on the width of the granophyre aureole, 

has already  been noted (pp2©5-7 ) .  but the v o la t ile s  do not ' 

appear to have a ffected  the metaraorphic grade oi tne rocKS in

the aureole .

An important factor affecting  the grade of metamorphism 

may be the temperature of the country rocks into which the 

granite is intruded . A granite that intrudes rock that is 

already hot w ill  have a greater metamorphic e ffe c t  than a

granite  intrusive  into a cold rock.

The reason for the variations  in  the aureoles in  the Lake 

D is t r ic t  granites  is  unknown. It  is  probably a combination of 

the factors  discussed  above.



g .  M in e ra liza t io n  Roi to the Intrusion  of the Ennerdale

Granonhyre .

Pour pegmatitic quartz and feldspar veins cross Brown How 

in  Ennerdale , strik ing  approximately east-west. Their dip  is 

v a r ia b le ,  but is  u sually  steep and to the north . These veins 

are believed  to represent the pgmatitic phase of the Ennerdale 

Granophyre because of their  proximity to the granophyre and 

their  association  with soda-metasomatism of S*iddaw  Slates by 

the granophyre.

The veins  are composed of stringers of massive quartz 

with lenses  and veins  of coarse creamy fe ldspar . The hornlelsbd 

slates  adjacent to the veins  are usually  discoloured to a white 

or oinltish-grey colour and lenses of discoloured  slate are 

commonly enclosed in  the v e in s ,  The discoloured  slate usually  

can only be d istin g u ish ed  from the creamy feldspar  by the 

d ifferen ce  in their  grain  s iz e .

The feldspar  of the veins  is  a sodic plagioclase  of 

a lbite  or oligoclase  composition which occurs in  crystals  up 

to a centimetre In  diameter. The d iscolouration  of the 

adjacent slates  is  probably due to soda metasomatism by 

solutions passing along the v e in s , for the slates resemble 

the soda metasomatized slates  of Crag Fell (see  Chapter I I X ) .

The permeating solutions  must have been rich  in  soda to have 

produced the sodic fe ld spars . f

IX . m in e r a l iz a t io n .
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cav ity  m 
apatite  produced 

by weathering-

A p a t it e
Q u a rtz  Suar1z

feldspar
chlorite ground

Polished S pecimen of A p a tite - b e a r in g Pegm atite- Brown How -
Full Size

FlG.22.

The largjst vein  on Brown How is  of in te re st ,  for on 

the south-east side of the h i l l  (G .ft .11551581} it  is  associated 

with a quartz ve in  which contains abundant crystals  of apatite . 

The apatite is  creamy in colour, and occurs in  uexagonal 

prisms up to one centimetre in diameter and four centimetres 

long . The prisms are orientated haphazardly  in  the quartz 

(P i g .  2 2 ) .  The apatite has been susceptible to weathering, 

and on the weathered surface the prisms are now represanted 

*y  hexagonal c a v it ie s .  This ve in  was probably the source of 

an apatite  pegmatite found by Hollingworth (liastwood et a l ,

1 9 31 ,  pp. 54-5; in a fallen block on the south side of Bowness

K n o t t .



A l in e  of prominent pinnacles at abont 1200  feet on 

Crag Pell marka the position  of a dyke-like mass of pin* 

f e l s i t i c  hornfelsed  slates 0 9 5 8 1 4 7 5 ) .  Ib is  mass of

hornfels  is  traversed by numerous quartz veins  up to about 

two feet  in  diameter which are probably of sim ilar pegmatitic

origin to the veins on Brown How.

The quartz in  places is  associated with coarse creamy

feldspar and c h lo r it e .  The feldspar  is  plagioclase which

Probably varies in composition form albite to oligoclase.

The r e la t iv e ly  high  birefringence  of the chlorite suggests

that i t  is  c l in o c h lo re . The chlorite  is  remarkable for the

abundant prism atic  crystals  of rutile  about one millimetre

in diameter that i t  contains .

The fe ldspar  and chlorite  may also occur without quartz,

in  small veins  along jo in ts  in  the h orn tels . ihese veins 

swell in  places into small pods about five centimetres in 

diam eter. The minerals in  the pods have a zonary arrangement

as follows:-

Margin---- ---- - »- Core .

H o r n fe ls :  Chlorite : Albite : Calcite

Rutile Oligoclase

No apatite-bearing pegmatite has been found on Crag Fell. 

,2. M in e r a li nation  Unrelated tp _t i b e ^ i ^ i o n ^ f ^ h ^ ^  

Grranophyre.

Mineralization is relatively sparse in the area between 

Buttermere a n d  W a s d a l e .  Postlethwaite (1 9 1 3 )  on his map of



the Lake D is t r ic t  mining f ie ld  shows no mines in  this  area.

Small mines and trials, mainly for haematite are, however, quite 

common in the area around Ennerdale.

A. Haem atite .

Ennerdale l ie s  on the fringe of the west Cumberland haema­

tite  f i e l d .  Haematite is common coating joints  in the rocks, 

and is p a r t ic u la r ly  common along fault  l ines  and smash b e lts .

The r o c k  may be haem atitized for several yards on either  side 

° f  a fau lt  l i n e .  This is particularly  moticeable in  the Skiddaw 

Slates , for example the slates alongside the Red G i l l  fault are 

haem atitized  for some ninety  yards from the f a i l t .  The haemati­

tized smash belt  that passes Near Thwait/I is  approximately 450 

yards wide.

Trials for haematite have been made at the following

>

Along the Red G i l l  fault

On small faults 

On the Scale Force Fault

Probably along a fault 

Along several smash belts.

The m ajority  of these t r ia ls  were barren . The most succes­

sful mines were the Crag Fell and Iron Crag mines. Four hundred 

t o n s  of haematite were removed from the Iron  Crag mine in  1882 , 

but the mines were only short lived  (Smith, 1924 , pp. 1 <1)•

Pi ac e s : -

. Red G i l l

• Clews G i l l

• Gale Fell 

•Scale  Poree

• Iron  Crag 

» Crag Fell

Grike



The haematite occurs in  massive, reniform and specular 

h ab its .  Vughs in the ore are commonly lines  with irusy 

quartz, and less  commonly c a lc ite .  Rare small grains  of 

chalcopyiites have been found in the haematite from Scale Force 

®ws G i l l .  The occurrence and origin  of the west Cumber- 

land haematite has been fu lly  discussed by several authors, 

the most important being Postlethwaite (191.3), Smith (1924)  

Dixon and Smith (1928)  and Trotter ( 1 9 4 5 ) .

B . L ith io p h o r ite ;  First Record in  Great B r ita in .

A manganese oxide mineral from Clews G i l l  in iinnerdale 

has been shown by Xray defraction  to be l ith io p h o r ite .  This 

mineral has been found in  a small spoil t ip  from a haematite 

tr ia l  in  Clews G i l l  at 1450  feet O .D .  (G .R .  1 3 2 5 1 5 9 5 ) .  It  

occurs as black films or manganese stains  on joint  surfaces 

of> fragments of grpnophyre that has been brecciated by the 

Red G i l l  Fault .

The films of l ith io ph o rite  may be several centimetres 

across, but rare ly  exceed one millimetre in  thickness. The 

l ith io p h o rite  is  f in e ly  botryoidal but no crystalline  texture 

Can be observed and it  appears to be a dull black amorphous 

wad. I t s  hardness varies  but it  is  usually  about three.

The c ry sta llin e  character of the mineral is shown by its 

Xray d efractio n  pattern which is c losely  comparable with those 

given by lith io ph o rite  from White Oak M t . ,  Bradley  C o . ,  Ten­

nessee (F le itsc h e r  and Richmond, 1 943 ,  pp. 2 8 2 ) ,  and Gloucester 

^outh A fr ic a  (Wadsley, 1950 ,  pp. 4 9 4 ) .



South Africa: Tennessee Clews G i l l .

D A 0

9 .4 5

4 .7 0
3 .1 2
2 .3 9

1.88 
1 .5 1  
1 .4 6  
1 .4 5  

1 .4 0  
1 .2 3  
1 .1 7  

1 .1 5

Fe

0

I / I i
D A° i / i i D A° i / i .

I 50 9 .4 0 7 90 9 .6 6 2 7 .0

5 .1 3 10
1

100 4 .7 0 100 4 .7 5 1.00.0

35 3 .1 3 30 3.116 9 .5

35 2 .4 8 10 2 .5 1 9 .5

2 .3 5 90 2 .3 1 4 3 .2

2 .2 7 10

2 .1 2 10

2 .0 4 10

35 1 .8 7 80 1 .8 9 4 1 .9

20 1 .5 5 60 1 .5 8 1 2 .2

10 1 .4 4 70 1 .4 5 1 4 .9

10
10 1 .3 8 50 1 .4 0 1 0 .8

20 1 .2 3 60 1 .2 4 1 2 .2

10 1 .1 8 20

10 1 .1 4 20 Cu koc
Sensi t iv it y  2%

5 K& Fe kcc Mn F ilter Sc ale 104 x 4
Attenuator 10 x 1
Di scriminator
Difference  5 x 10

A partial  analysis  of the mineral from Clews G i l l  with

1 of analyses of specimens of lith io ph o rite from South

a and Saxony for comparison are given  below;-

i ii i i i

Na^O 0 .0 8 0 0

k 2° 0 .1 3 0 0 .7 3

ILi20
0 .1 9 3. 3 1 .2 3

i from Clews G i l l ,  Ennerdale ; Analyst L .  C lark .

i i  from Gloucester , South A fr ic a ,  ™

pp. 6 3 2 ) .

i i i  from Schnee-burg, Saxony; Analyst ttnkler (Dana's
System of Mineralogy I ,
1947 ,  ppi. 5 6 8 ) .



The l i t h i a  sontent of the specimen from Clews G il l  is 

Very low and the soda and potash content high , when compared

with  the other specimens.

Wadsley ( i b i d .  p. 496) suggests that the manganese 

oxide minerals have formed by the substitution  of metallic ions 

in a hydrous oxide formed by the oxidation  of Mn ( 011)2 or else 

by the oxidation  of mixed sols of M n (0H )2 and other hydroxides. 

In the formation of pure mineral species only ions ol one 

element are substituted but there is no reason why more than 

one element cannot be substituted . This w ill lead to a wide 

v ar iety  of compositions in  any one mineral species as has been 

suggested for lith io ph o rite  by Fleitscher .

Wadsley suggests that the lithium  in lith io pho rite  may 

be sub stituting  for aluminum according to the formula ( L i ,  Al) 

Mn$>3 . H20 or ( L i ,  Al) 2 MngOg. 2H20 .  The low l i t h i a  content 

of the Clews G i l l  lith iophorite  may well be due to a r e la t iv e ly  

minor sub stitutio n  by lith ium . The high soda and potash contents 

suggest that the place of some of the lithium  may have been

taken by the other a lk a l ie s .

A q u a l it it iv e  Xray s p e c trographic examination of the Clews 

G il l  specimen by Dr . G . Hornung has shown that it  contains in 

the region  of one percent each of iron , cobalt, nickel and 

zin c .  Cobalt and iron are common accessory constituents of 

l ith io ph o rite  (Wadsley, pp. 492) and nickel is  recorded in 

analyses of l i t h ia n  wad quoted in D an a 's  oystem of Mineralogy,



C . Lead  and Cooper.

. • j.v>o+ mav be related  to the rich
A copper bearing  vein  that m y

j f’ nH 5 ('nDe of the ICeswicK mining 
copper veins of Dale Head and Goldscope

shore of Buttermere in Burtness 
area, crops out on the south sn

Wood. The ve in  l i e s  along a fault  strik ing  north 18 degr

west, which dins  to the west at between 40 and 80  degrees.

The m ineralized  zone along the fault  is grooved along the

«Kmi + 20 degrees to the south.
s tr ik e ,  with the grooves dipping

J „v^ n f  a n u a r t z  b r e c c i a  w h i c h  i s  
T h e  v e i n  i s  l a r g e l y  made u p  o f  q

i ,, +h through Burtness Wood (G .B  JB0415 5 0 ) .
well seen close to the path throu0

-l i * j mi npTfils  u p  t o  one  i n c h  i n  
S m a l l  m a s s e s  o f  c o p p e r  a n d  l e

j - 11w -infilling vughs in the quartz
diameter occur sporadically  m

l i. in a small, spoil tip on the lake
nreccia. They may be found in

c-i+u about 40 yards east of Combe 
shore (G .R .  17971572 )  or m  situ  aDoui> ,y

Beck at 800  feet O .D .  (G .B .  1 8 2 0 1 5 0 0 ) .

i j „ ,,art7 ovrite , chalcopyrite , 
M inerals  recorded include q »

„ alPna hydrocerrusite, pyromorphite
malachite, chrysoc oil a,, galena, y

/ i x. unr+z the commonest mineral present
an^hrulfenite . Apart from quartz,

i s  o f  i n t e r e s t  b e c a u s e  o f  i t s
is m alachite . The wulfern

• x r + has only been recorded  
r a r i t y  in the Lake D i s t r i c  .

r i l l  and Driggeth near Carrock Pell and 
previously  from Brandy Cri

x i t Hartley ; personal communication). 
Hartsop H a l l ,  near Ullswater  ( J .  Hartley , {

. n o 1 p  r e s i n  c o l o u r e d ,  t a b u l a r  t e t r a g o n d  
T h e  w u l f e n i t e  o c c u r s  i n  s i  g >

millimetre in  diameter. They are most corn- 
crystal s about one millimet ^

raonly formed simply of four prisms and two pinacoids , but

dipyramidal faces occur in  sone c ry sta ls . The derivation  of

the molybdenum in  the Buttermere wulfenite is unknown.
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+hP secondary minerals,
The order of formation of

j is malachite-chrysocolla, pyro-

as far  as can be observed, 

morphite, w ulfen ite .



gARTjTHREE: APPWMnT CE S

■4^PENT)T y t

Sl a c ia t io n

X» The G la c ia l  H isto ry  of the Western Latte D i s t r i c t .

The deta iled  g la c ia l  h isto ry  of the western Lake D is t r ic t  

ls now well known through the researches of Smith (1 912 ;  1 9 32 ) ,  

Dl x 0n ( 1 9 2 2 ) ,  Eastwood et al ( 1 9 3 1 ) ,  Trotter et al (1.937;, and 

numerous e a r l ie r  workers. A summary of the glacial, h istory  

ls given below .

Ihere have been three major pariods of g laciatio n  id en tified
j
Uring the g la c ia l  h isto ry  of the western Lake D is t r ic t .  Each 

f  these g la c ia l  periods was followed by a period of g la c ial  

rec e s s ion during which the g laciers  disappeared from the Lake 

d i s t r i c t .  The g la c ia l  periods are:-

( i )  The Scottish  He advance G la c ia t io n .

( i i )  The Main G la c ia t io n .

( i i i )  The E arly  Scottish  and Lake D is t r ic t  G la ciat io n .

The evidence of the E arly  Scottish  and Lake D is t r ic t  G laciation

1 S s^ etchy in  the western lake d is t r ic t ,  and is  confined , in

the main, to the low coastal area. The Main G laciatio n  has had

^he greatest  e f fe c t  on the region . The glacially influenced

topography of the Lake D is t r ic t  is  believed  to be almost all

^^e result  of the Main G la c ia t io n .  The Scottish  Readvance 

O' 1 *
delation  ice sheet only encroached onto the coastal areas of



0jf the western Lake D i s t r i c t .

At the zenith  of the Main (ilaciation the I r is h  Sea was 

with an ice sheet flowing south from Scotland . The Lake 

D is t r ic t  was covered by an ice sheet, the lower layers of 

*hich  flowed down the v a lle y s .  The flow of the upper layers 

of this  ice sheet was independent of the topography and the ice 

* requently  crossed the topographical d iv id e s .

The ice sheets retreated from their  position  of maximum 

Gxtent as the Main G la c iat io n  waned. The I r is h  Sea ice tended 

to retreat northwards and westwards, while the Lake D is t r ic t  

ice retreated  northwards and eastwards. There was, therefore, 

a northerly  recession  of ice as a whole, but the two major 

ioe sheets s p lit  as they retreated to the I r i s h  S e a .b as in  and 

the Lake D is t r ic t  h i l l s ,  respectively . The s p lit  f ir s t  

8ppeared in  the south and gradually  spread northwards (Trotter  

et a l , 1 9 3 7 , pp, 9 7 ) .  G lacier  lakes, impounded against the 

I r ish  Sea ic e ,  were established  in  the valleys  of the vacated 

ground between the two ice sheets and overflowed southwards, 

e ither  along the sides of the ice sheets or through gaps in

the valley s ides .

The I r i s h  Sea Ice receded from the mouths of Ennerdale 

and Wasdale. At that point the recession  of ice stopped 

temporarily and the ice sheet readvanced into the mojaths of 

the two v a l le y s .  (D ixon , 1 922 ;  Eastwood et al 1 9 3 7 ) .  A fter  

this temporary readvance the I r is h  Sea Ice retreated from the 

area and the g lac ier  lakes drained away into the I r is h  Sea. The



„  + n u i c k l T  d i n d n i s h e d  i n t o  v a l l e y  
Lake D i s t r i c t  Ice sheet quic y

T a l l 6 y S - . b l T  o c c u p i e d  the v a l l e y ,  o f  the Lake
V a l le y  glac iers  possibly  -

+ + - « h  R e a d v a n c e  G l a c i a t i o n  b u t  there
D is t r ic t  during the bcot 1

.  th is  Manley (1961) suggested that th

no evidence to prove t 1 • ifn rr ie '
, D i s t r i c t  were  s u b j e c t e d  to  a C o r n e

wettest parts of the Lake D

, „ times . He a t t r ib u t e d  the present 
g l a c i a t i o n  i n  post-Allero

in  the L a k e  D i s t r i c t  t o  this 
c o m b e s  a n d  a s s o c i a t e d  m o r a i n e s  .

n o fi2 P 33) a t t r ib u t e d  the f in a l  
g l a c i a t i o n .  G r e s s w e l l  (196  , ^

U nf the coniston d is t r ic t  into the 
sculpturing  of the combes . tion

„ to the post-Allerod 'C o r n e '  g la c iat io n .

forms they have today to - n flri ation
, 9 0 ) t h a t  a highland Keadvance Glaciation

He also suggested  (pp* ■ ' ,,

+ he S c o t t i s h  Eeadvance GLaciation  and. 
occurred between the i>co , . * . •  +

• , G l a c i a t i o n  i n  the G o n i s t o n  d i s t r i c t .  
post-Allerod 'C o rr ie  G laci

„ +iie Present_W,o_rki.
2 . G lacial S t u d ie s _gf_lag-----

(A) IntroductioEi- . , been
--------  . f the w e s t e r n  Lake D i s t r i c t  has been

The g la c ia l  h istory  o  ̂ Th

„ * -n b v  o r e v io u s  w o rk e rs  ( s e e * e v e ) .  
worked  o ut  i n  d e t a i l  b y  i. p r e s e n t

have  b e e n  c o n f ir m e d  b y  the  p r e s e n t

r e s u l t s  o f  ^  ^  s u r v e y s  c o i n c i d e .  The r e s u l t s

s u r v e y  at  a l l  p o i n t s  a r e , t h e r e f o r e ,  n o t

o f  the  w ork  i n  p r e v io  ^  I h e  p r e s e n t  work adds

discussed  as they are merely 

, ,  o f  the glacial  h istory  of the Lake 
l i t t l e  to our knowledge o

• x rtf  i n t e r e s t  have been n o t e d .  

D i s t r i c t ,  b u t  s e v e r a l  p o i n t s  r i d d en

l ie s  east o f  the area o v e r - r i d d e n  

The area t o  be discuss  a f f e c t e d

by the I r i s h  Sea Ice  Sheet and has not been irec
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by that ice sheet, therefore , evidence concerning the early

Scottish  and Lake D is t r i c t  S lac ia t io n  and the Scottish  Ee-

. The effects  of the Main
advance G la c ia t io n  is  m issing.

nn all s ides , while the freshlj
G la c ia t io n ,  however, are evide

/. it nrovides evidence of a Tate
glac iated  appearance of the co j.

independent 'C o r r i e 1 g la c ia t io n .

(B)___The Main G l a c ia t ion;.

, - +hp Main G laciat io n  was marked by the 
The approach of tne

, -x- wi+h an increase in the precip itation
onset of cold conditions with an

formed as the increase in  preeipi-
of snow. Corrie  glaciers

j j •+«  rpmoval by a b l a t i o n  and m e lt in g ,  
t a t i o n  of  snow exceeded  i t s

a in 7 e they flowed from 
As the corrie  g la c iers  increased in  s ize ,  y

• wo-Mpvs to fuse into  v a l l e y  g l a c i e r s ,  
the corries  into the m a i n  Y

• s ize , eventually  f i l l e d  the
The valley g la c ie r s ,  increasing

+ hp ridees between the v alle y s .  Many 
valleys  and submerged the r g

T i „ n-i Q + r ict  became covered with ice 
of the peaks in  the Lake Di

across the intervening ridges
and the v a l le y  glaciers  merg

• x qhpet. The Main G la ciatio n  
to form the L a k e ^ is t r ic t

i r»mpnt with the formation of the Lake 
reached i t s  maximum develo^

D is t r ic t  Ice Sheet.

x • + Tcp Sheet at its  maximum extent covered 
The Lake D is t r ic t  Ice  bheev

* +hP western Lake D is t r ic t .  Many ot the 
all the lower h i l l s  of th

ix n-p +hp scraping and smoothing 
h i l l s  c le a r ly  s h e .  the results  of the P g .

X „  Pflwfell , Iron  Crag, GreatS^orne, 
a c t i o n  of the i c e .  SeataD a  ,

a Karp nf any suoerfic ia l  deposits 
and others have been scraped bare o y

. ■ •««  + roches moutonnes on their  summit 
and have often m c i p i er

ridge s.



p En nerdale  Granophyre can be 

A t r a i n  of boulders o .  ^ ^  ^  westwards to

followed from the . — it ridge •  ^ ice

B l a k e l y  R a i s e  r e v e a l i n g  t h e  oa  ^  ^  ^  ^  ^

sheet w h i c h  p a s s e d  o v e r  t h e  su m m i  ^  ^

• i n « 2 5  from tfard lMto/

B lakely  Eaise. Sedgwic* - boulders of

t h e  f i r s t  t o  n o t i c e  t h e  a n o m a l o u s  p o s l t i

the summit of Starling  Dodd.

E n n e r d a l e  G r a n o p h y r e  o n  t o p o g r a p h i c a l l y  h i g h e r

"lates which are ” & 
boulders rest on Skidd air ard. believing

•nhvre. Sedgwick and ..ard, 

t h a n  t h e  s u r r o u n d i n g  g r a . n o  ^  l c e b e r g S (  t h o u g h t  t h a t

t h a t  t h e  b o u l d e r s  w e r e  d r 0 P ^  ^  ^  2Q00 f e e t .  I t  i s  n o w  

t h i s  p r o v e d  a  m a r i n e  s u b m e r g e n c e  o ^  ^  ^  ^  i c ,

b e l i e v e d  t h a t  t h e  e r r a t i c s  o n  ^  d i r e c t i o n  o f

that flowed over the 3 ta .r lm g ^D o d d ^  ^  ^

flow of this ice M d  the lack of volcanic

abundance o f  granophyr rsine from Bnnerdale,

4-1 + - the e r r a t i c s
erratics suggests tha ^  ^  _ce from

t> Ari The northerly 
south of Starling Dodd. ^  sprea(J of

„ is  also suggesten j
E n n e r d a l e ,  to Butterm er  , • ^  Lincombe Edge

no between
abundant volcanic err - p ., an(j Little

i v.0 rol between Hea ri&
extending northwards from

DOdd' „  fr„tn Great Borne to Seatallan

On a north-south traver approximately 2000

s m o o t h e d  and all  »re P I  

all  the summits are ^  ^  th i s  l i n e

feet in height. The s u r f a c e  o ^  ^  ^  ^  feet ln

of traverse must, there or , erosion
! +hp infiience oi

nl„ arlv shows tne iuj-
altitude. Great Borne cl , * a f lat suromit

+ the west of G r e a t  Borne ,  has

H e r d u s ,  i m m e d i a t e l y



1 atively  l i t t l e  sign of ice action . I t  
plateau which shows rel nnrth-

n split the west or nortn
_ x> r^rpat Borne s p u "  

is thought that the mass of G
, . „ „ ly  protected Herdus from 

westerly flowing  ice sheet and largely

. „  I c e certainly  passed over Great 

"the e ffe c t s  of ice abrasio . +>ia+ the
, x ; 0n of Herdus suggests that

Borne b u t  t h e  s u c c e s s f u l  pro

ice sheet was quite thin. .x ,
,e  sheet above the level of the summits 

The part of the ic * j on+l v of
mnre or less independently

of the Lake District  could move

h The flow of the lower part of the 

the underlying  topograp y . topography

.  « + r i c t l y  c o n t r o l le d  uy
ice sheet , however, was ^  mu3t

directed down the valley . 
and glacier flow was d „ ; ce

. ■ of the upoer and lower parts of the 

have been some mixing he a ir e c tion of the movement

sheet, for  the erratics  w h i c h . o w  t h e ^  ^  ^

Of the upper part of the 1

eroding lower p art . ^  thelr naxlmum develop-

The v a lle y  g la c ie r s ,  ■ plowed over
n 0 a distributaries which Flowea 

ment, occasionally deve op +aries deepened the
i I p v s  The d i s t r i b u t a r i e s  I

cols into adjacent val . ^  offsheot of the

cols and gave them a U shaped pro ^ ^  ^  MoSe-

Buttermere g la c ie r  flowed up 3 l a  « . _ _ n (1922 )  showed

, . . * +he Mosedale Glacier. 1
dale where i t  5ein-e t ^  t0 Ennerdale

that a g la c ie r  passed alo g ^  may have been due to

The w esterly  flow of the i ^  Q lacier  or the blocking of

the westerly  thrust or the^  ^  ^  ^

the exit from PI outer nverfl°weed
which flowed into Wasdale, overr 

The Nether Beck Glacier, which

, at Pots of A s h n e s s  into the Bleng Glacier 
across the low col at I'ots



i i i A ri'j'.o ( j r 0 6 l i d . ^  •

over the col south of Seat a

-p -„p flow has been determined by the 
The d ir e c t io n  of ice flo

, • , striae  (Ward 1873 , pp. 82-84, Smith, 
d irectio n  of g la c ia l  strx

f  r o C h e s  m o u t o n n ^ e s  a n d  t h e

1 9 3 2 ,  P I .  V I I ) ,  t h e  f o r m  or

+ (Marr, 1916 , pp. L.43-15bJ . 
d is t r ib u t io n  of g lac ial  erra 1 ^

+ in in  Prl aciationj.
(C) R r o s i o n  During _bheJi5i---------

f .  nd 3tudy of numerous late  Tertiary
The recognition  and stu y

n latforms between Wasdale and Bnttermere has 
marine erosional .pi at for ^ of the Laite

led  Hollingworth  (1 9 3 7 )  to c o n c l u d e  tha

„ „ „ t  been greatly  reduced by the 

D is t r ic t  as a whole has „ i af.iat ion
• p r o s i o n  d u r i n g  t h e  g l a c i a t i o n  

Pleistocene Ice Sheet. The major erosi

l aciers W h i c h  deepened and widened the 
was e ffected  by v alley  gla

„  ,  The h i l l s  merely had their  cover of 
Pre- existing  valleys  ^  rounde4

weathered rock removed and

and smoothed. .
i prnsion by the valley  glaciers  can 

T h e  amount of v e r t i c a l  e

of +he pre-glacial and post-
be calculated  f r o m  a c o m p a r i s o n

, r n f i le s  O f  a v a l le y .  The pre-glacial 
g lac ial  lo ngitudinal  pro

n  b e  r e c o n s t r u c t e d  b y  u s i n g  t h e  p r o i i l e s

Profile  > of a valley  can

1 l e v s . The upper part of a hanging 
of tr ib u tary  hanging val y „

rpmained graded to the level ol the 
v a lle y  is  presumed to have •„

, The profile  of the hanging valley

pre-glacial major v a lle y .

•or v alley  until  i t  intersects  the mid 
Projected  into the major . +

. „ „  The point of intersection  is a point
line  of the major v a l le y .  - A

i ip of the major valley .
on t h e  p r e - g l a c i a l  l o n g i t u d m a  P

n  vs along the sides of a major va 
series  of hanging valleys  b

• +C- +r> be determined and tne 
enable a series  of such points
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Profile  to be reconstructed.

Marr, (1906,. P ig . 8) gives the pre-glacial profile  

of Borrowdale reconstructed in this way. xhe longitudinal 

P r o file s  of pre-glacial Eskdale and Ennerdale are shown in 

Pig . 2B. Eskdale has been chosen because its  numerous hanging 

valleys  enable several points along its  pre-glacial p ro file  to 

be determ ined. The reconstructionsof p rofiles  of pre-glacial 

Eskdale and Borrowdale are typical profiles  of graded fluvial  

v a l l e y s . The perfection  of these reconstructed profiles  

appears to ju s t i f y  the use of the above method in the recon­

struction  of the pre-glacial profiles  of other v a lle y s ,  for 

example Ennerdale , in  which hanging valleys are less  numerous.

A comparison of the pre-glacial and post-glacial lo n g it ­

udinal p ro files  of a v alley  clearly  shows that v ertica l  g lac ial  

erosion  has not been constant over the full length o1 the 

v a l le y .  The thickness of strata removed by vertical  erosion 

is very  small at the mouth of the v alley , but gradually  

increased to the head of the v alley . The maximum thickness

-.i- prosion is of the order of 750 feetof rock removed by vertical erosiuu

near the head of the Ennerdale.

The pre-glacial r e l ie f ,  calculated using the preglacial 

v a l le y  p ro f ile s ,  was surprisingly  h igh . The preglaciaL 

r e l i e f  at G illerthw aite  in  Ennerdale for example, was approx­

imately 1100  feet  compared with 1600  feet at the presant time. 

The preglacial valleys must have been deep, V shaped, almost 

gorge-like v a lle y s .



Lateral  erosion  by the valley  £aciers  has oversteepened 

the v a l le y  sides and bevelled  off  many v alley  spurs. The occur­

rence of numerous truncated spurs, for example Long Crag on 

Steeple, High  S t ile  and High Crag shows that the preglacial 

v al 1 eys were not as straight as the present valLeys and probably 

zigzagged between overlapping spurs.

The preglacial  topography of the Ennerdale d is t r ic t  with 

its  high  r e l i e f  contrasts with the mature preglacial topography 

° f  rounded h i l l s  described by Marr (1 9 1 6 ,  pp. 140) and Mitchell 

(1931 )  from the eastern Lake D is t r ic t .

V a lle y  g lac iers  have excavated rock basins in the floors 

of the Wasdale, Buttermere and Ennerdale V alley s . These rock 

b »sins  are now occupied by Wastwater, Buttermere and Ennerdale 

Water. The present level of Wastwater is  contained by moranic 

obstructions , but the morain/f have merely raised  the water lev el , 

f or Wastwater, with its  floor at-150 feet  O .D .  would,, in  any case, 

be damned by bed rock. • Ennerdale Water and Buttermere are most 

l ik e l y  sim ilar  to Wastwater, in  that morajiic dams have merely 

raised the level of lakes that would in any case be impounded 

hy rock dams.

The deep trench of Wastwater has probably been excavated 

along a shatter belt. The Ennerdale Water basin may have been 

^  part excavated along a tear fault. The occurrence of lakes in 

most of the major Lake Districts valleys shows, however, that the 

sites of the lakes are not entirely structurally controlled.

Almost all the lakes have a rock dam close to the v a lle y  mouth,



just  before the v a lle y  opens out onto the coastal p lain .

The o r ig in  of these rock dams can be explained by Penck 's

h a .  o f  adjusted cross-sections for glaciated  valleys ( 1 9 0 5 ) .

t *. + + h o n  a r c o r d i n g  t o  the1 l a w  i t  m u s tI f  a  v a l le y  w i d e n s  o u t ,  t h e n  a c c o i u j .  &

„r, r nkp D is t r ic t  valleys  widen outbecome le s s  deep. Ahen the Lak

x -\ ni oin thev must decrease in  depth, onto the western coastal plain  tney

s t e p s  a c r o s s  t h e  m o u t h  o f  t h e  T h e i r  f l o o r s  w i l l  r i s e  a s  r o c k  P

, , , -n ho impounded behind these steps,v alley  and lakes w ill  be impouiiueu

. , , p + hr Main G la c ia t io n .( Dj___ThP Retreat o f^tne^Mgj^L-^---------

• later  than the Main Glaciation have Three g la c ia l  periods later

ho • ^ • +hP Lake D is t r ic t  (G ressw ell , 1962 , pp. 9 0 ) .been recognized  m  the li&Ke

. , n^orivanrp the Highland Re advance,T h e s e  are the Scottish Readvance, -one g

, r* i ^ t i n n s  I t  is possible that glaciers and the post-Allerod Glaciations.

occupied the Buttermere, Ennerdale and .a sd a le  valleys  during 

the f i r s t  two of these g la c iat io n s , although deposits

^ 0 nn+ been id e n t i f i e d .  I t  is possible , associated  with them have not oeen

t h e r e f o r e ,  t h a t  r e t r e a t  p h e n o m e n a  a t t r i b u t e d  t o  t h e  M a i n  

G l a c i a t i o n  a c t u a l l y  b e l o n g  t o  a  l a t e r  g l a a a t i o n .

• x •*■+ Tpp Sheet, a fter  parting from the I r is h  The Lake D is t r ic t  Ice bneev,

■ ■ U  A  + n  a  s e r i e s  o f  v a l l e y  g l a c i e r s .
S e a  I c e ,  q u i c k l y  d i m i n i s h e d  to

Tho -i then receded to their  sources,ihe v a l le y  g laciers  tuen

. ' \ d e s c r i b e s  a s e r i e s  o f  t e r m i n a l
S m i t h  (1 9 3 2 ,  pp. 71) d e s c r i

... from Easthwaite Farm to Strands,
moraines in  Wasdale stretching

j =-:+PfJ in  G la cier  Lake iVasdale from 
T h e s e  morainjl have been depos

 ̂ G lacier. A  series of five terminal the snout of the Wasdale Glaci

moraines marking a s ligh tly  later  h alt  in  the retreat of the 

W a s d a l e  a l a c i e r  t h a n  t h e  Easth .aite- Strands m o r a i n e s  e n c r r c



the foot of Wastwater. They extend in  an arc from the mouth 

of "the River I r t ,  through Low Wood to the tVa,sdale Road. ihese 

moraines o r ig in a l ly  damned up Wastwater ra is ing  its  level to 

about 230 feet  O .D .  The lake then flooded the land to the 

north of High  Birkhow and overflowed westwards down Cinderdale 

B eck . The overflowing water cut a channel about 90 yards west 

of Scale Farm with an inflow  at 230 feet O .D .  and an outflow 

at 200 feet  O .D .  The channel was vacated, except for the 

Present C inderdale  Beck, when ffastwater cut through the 

moraine s .

The recession  of the Bleng Glacier  has l e f t  a series of 

well preserved moraines. Xokerill Hows are a line  of large 

morainic mounds with their  crests at about 900 feet O .D .  

along the south side of the Bleng V alley . The boulders in  

the moraines a,re largely  of Ennerdale Granophyre with an 

admixture of volcanic  rocks. This line  of moraines, parallel  

to the length  of the v alley , is  most l ik e ly  a lateral moraine 

° f  the Bleng G la c ie r .  The g lacier  at this  stage could not 

have been much more than 200 feet thick as the bottom of the 

v a lle y  is  only 140 feet  below the crest of the lateral moraine. 

The latera l  moraine of Yokerill  Hows, at Swinsty Beck, joins  

on to a. terminal moraine which forms the Step i l l s .  ihis  

terminal moraine held back a lake which extended almost a mile 

UP the Bleng V a lle y  with its  water level just  below 900 feet 

° * D .  The bed of this  lake is  now a f la t  swamp through which 

the River Bleng meanders. Remnants of a termina.l moraine



0X1 cur at the head of the v alley  below Eed Crag. Thick 

m°ra^aic deposits  of uncertain origin are heaped against the 

end of the v a lle y  below High  Pike How. These moraines may be 

the l ast terminal morain/s of the Bleng g la c ie r  or they may 

h *ve fa l le n  from a hanging corrie g lacier  under Gowder Crag.

No retreat  stages of the Ennerdale and Buttermere 

G laciers  a.re preserved in the lower reaches ol the v alle y s .  

This suggests that the glaciers  receded up the valleys  without 

a Pause.

The retreating  glaciers  f i l l e d  the v alley  bottoms with 

thick deposits  of boulder clay le ft  as ground moraines. The 

Post—’gl a.cia,l r ivers  now meander over tlat alluvial straths 

which  have been incised  into these ground moraines. The ground 

m°ra in es  are l e f t  as benches, sometimes over 30 feet high , 

along e ith er  side of the valleys  (Photo. 2 ) .

( fi) The Post-Allerod C orrie G la c iat io n .

Hollingworth ( i n  Eastwood et al, 1 931 , PP» 240) 

consider-s the p o s s ib i l it y  of an independent corrie g lac iatio n  

in  the Ennerdale D i s t r i c t .  Manley (1961)  suggests that the 

combes in  the Lake D is t r ic t  were occupied by corrie glaciers  

in post-Allerod times. He attributes  the present form of the 

combes and the moraines within the combes to this post—Allerod  

^o rrie  G la c ia t io n .

A characteristic  feature of many combes in  the Lake D i s ­

t r ic t ,  for example Bleaberry  Combe in Buttermere, is  the ter­

minal moraine at their  l i p .  These terminal moraines do not



aPPear to be associated with any other moraines in the main 

v a lle y s .  The combes themselves, for example Burtness Combe, of 

ten have a very freshly  glaciated  appearance. The moraines 

in the combes and the final  sculpturing of the combes are 

Possibly  caused by a post-Allerod Corrie G la ciat io n .

Contes are found in  various stages o j  formation. Open 

Combes, in  which the classic  amphitheatre form has not been 

developed, are common, particularly  on the outcrop of the 

Ennerdale Granophyre. The floors of such combes are flat  

benches below such c l i f f s  as Boat How crag and Seatallan  crag, 

j-he benches are probably remnants of the ore—glacial  erosional 

Platforms described by Hollingworth. This suggests that the 

corrie g la c ie r  has only given the c l i f f s  their  final  sculpturing 

for they were already present as steep features backing the 

benches before the g la c ia t io n . The immature form of the open 

combes suggests that their  corrie glaciers  were short liv e d .

Burtness Combe is a much more advanced combe in which the 

corrie gjfccier has sapoed back into the summit plateau of high 

Stile  (Photo . 15) and given the combe a deep amphitheatre form. 

Burtness Combe is  backed by the c l i f f s  of Eagle and Grey Crags 

which are over 300 feet h igh . Sim ilar magnificent combes are 

found along the south side of Ennerdale from P i l la r  Cove to

the Great Cove.

B leaberry  Combe in  3 uttermere is  a good example of a combe 

in which the corrie g la c ier  has gouged out the flbor of the combe 

into a rook basin  which is now occupied by a tarn.



M ora ines  and O ve r f lo w  Channels in the Vicinity of Floutern Tarn

A series  of terminal moraines marking the retreat of a 

Possible  corrie  g lacier  occur at Floutern Tarn ( f i g .  2 4 ) .  Tne 

remnants of a terminal moraine (Ml) cross the Mosedale V alley  at 

the point  where Mosedale Beck, flowing from Floutern Tarn, turns 

sharply  to the north . This moraine dammed back a small lake 

which overflowed through a channel ( C l )  at the north end of the 

moraine. A second moraine (M2) occurring just  above the f ir s t  

at 800  feet  O .D .  also he-ld back water which cut a small channel. 

(0 8 )  at the north side of the moraine. A third  moraine (M3) 

which looks much fresher than the other two, is  found around the 

eastern  end of Floutern Tarn . An overflow channel (C3), now d r y , 

has been cut at the north end of the moraine, with an inflow  at 

1250  feet  O .D .  and an outflow at 1000  feet  O .D .  The two lower



m° r a i n e s  p o s s i b l y  b e l o n g  t o  an  e a r l i e r  g l a c i a t i o n  t h a n  the

c ° r r i e  g l a c i a t i o n .

T h e r e  has been a marked climatic control over the develop- 

raent of the combes. . The development of combes has been much 

favoured on the shaded north facing slopes of the mountains..

This  is  p a r t ic u la r ly  marked on the ridge between Ennerdale and 

Buttermere, where there is a line  of six  large combes on the north

s i d e  a n d  n o n e  on  t h e  s o u t h  s i d e .

T h e  c o m b e s  o f  t h e  r e g i o n  a p p e a r  t o  m o u t h  a t  d i s t i n c t

Name of Combes.

Scoat Tarn, Iron  Crag, Tewit How 
Tarn, S ilver  Cove, wlirklin Cove.

Low S ilver  Cove, Seatallan .

Lincombe, Bleaberry Combe, Burtness 

Combe, Wind Gap Cove,

Low Burtness Combe, Floutern Tarn, 

Boathow Crag.

Ldw Lincombe.

T h e  c o n c e n t r a t i o n  o f  t h e  c o m b e s  a t  t h e  ab o v e\ h e ig h t s  s u g g e s t s  

t h a t  t h e r e  h a s  b e e n  an  a l t i t u d e  c o n t r o l  o v e r  t h e  p o s i t i o n s  i n  

* h i c h  t h e  c o m b e s  o r i g i n a t e d .  The  v a r i o u s  l e v e l s  c o u l d  well i  m ark  

P e r s i s t e n t  s n o w  l i n e s  on  w h i c h  t h e  c o m b e s  w e r e  i n i t i a t e d .

altitudes  as shown below:

A p p r o x i m a t e  h e i g h t  

i n  f e e t

2000

1750

1500

1250

1000



a p p e n d ix  ill .

I .  P . .  n . l . d o n i a n  Iritrusions , .

( A) Introduction^. the major Caledonian

Vi-i r V l  o

Small intrusio n s  «h ^  ^  Sk iddaw Slates  of the

fo ld  movements are quite  com Eastwood et al

and B o l l ingwo '
Ennerdale d i s t r i c t .  Smith an intrusions

. , +i fied many of thes 
1931 ,  pp. 56) have identit  ^  gwarms

, 0f  i n tr u s i o n s  occurs

on Dent. The ' D e n t  Group ^  e ast-west,  one

+ t o  s o u t n * - 9
tre nd ing  b etw een  northeas  nnrth-western  slopes

n A the other on the nor 

on the south- eastern ,  a s a id  to vary

• + • nn of these intrusi
of D e n t .  The c o m p o s i t e  b a s a l t i e .

h a n d e s i t i c  xo
from koratophyric , throng I n c h  Geological

• are shown by *ara  v
Sim ilar  i n t r u s i o n  MeUbreak and m

v s o u t n  e u u .  v

Sheet 101 , S .E .  Old Series) o ^ o u t e r n  Tarn.
, 0 f a mile easi/

Mosedale Beck about a quar

( a _ £ i e ^ _ s a i 2 i i 2 a s ! i y ^  minor 3heets whose
i n t r u s i o n s  o c c u j .

The pre-Caledonian l a tes are d i f f i c u l t  to deter-

4- c* c2TiT*r o'u.n.di-i^-S ^

r e l a t i o n s h i p s  w ith  tn  These i n t r u s i o n s
s i  s  •

mine because of the c l e a v a g  south end of
h Gorge and on the sou

are v e r y  common i n  i ^n n y c  i n t r u s i o n s
rn The strike oa

Mellbreak east of Ploutern ’ a m .  a few aegrees

+ and west, dux,

is  u su a lly  between south-*

north of west.



252.

Smith and Hollingworth suggest that the 'D ent  Group' of 

intrusions  ere a series  of f la t  sided rod-like len tio les  of 

Va-riable hade intruded parallel to, or along the axes of ainor 

P itching  folds  in  the s late s .  This implies that the intrusions 

emplaced after  the major fold movements although Smith and 

H o l l i ngw0rth  do state that the intrusions  are probably oBer

I I I  sill-.
skiddaw M I "
V SLATES-.Cicovagc/

thrust

P r e Caledonian S i ^ N a n n y ^

_ m _ f e w  i n c h e s  to over 50 feet 
The in trusio ns  vary from

+rared for more than a
in th ickness , but u sually  canno

. . .  nF the intrusions appear to be len 
few yards . The m ajority  o

• +rusion on Raven Crag in Nanny- 
form masses, for e x a m p l e  an 1

„ , , 1 2 9 )  and a mass just  north of Black Beck 
catch Gorge (G .R .  055129) ana

, ■ 14R17 4 ) .  On the south e n d  o f  Mellbreak

near Crummock (G .R .  1481 )

, * „  „ tew of these intrusions have a 
overlooking Crummock water

„ n  sheets often appear to be concordant

typical dyke form. Small 

sills. ( F i g .  2 5 . )



than the cleavage in the s late . F ig . 25 shows a thin  concor- 

ant s i l l  in  Nannycatch Gorge (G .R .  05751360) which has been 

°lded  and faulted  with the Skiddaw S late s .  This sill was

C1 0 *| •
ariy  intruded before the major earth movements.

I t  is  believed  that these early  intrusions  were in place 

e fore the major Caledonian  fold  movements. The impersistent 

ensi form character may have been caused by the disruption  of 

n °rmal elongate intrusions  by thrusting and folding during the 

earth movements. .

~-i--Petrography.

In  hand specimens the rocks are rather uniform fine to 

e^ium grained  greenish-grey rocks. Many are vesicular  with

h© ~\r •
o sic les  f i l l e d  with quartz . The vesicles  of a dyke on 

llbreak  (G .R .  151180 ) are occasionaly  f i l l e d  with chalcopy- 

e a-nd m alachite . Phenocrysts in  the rocks are rate .

Under the microscope  the rocks are v e r y  b ad ly  a l t e r e d .

' °n s iderab le  portions of a specimen taken from xVIosedale'Beck at 

(eet O .D .  ( E  9301) have been replaced by c a lc ite .  The matrix;

the rock is  composed of feldspar  laths approximately 0 . 3  mm

1 o ni
8 and c h lo r ite ,  mainly clinochlore with l i t t l e  pennijte. The

jp0 J j
asPar laths  have been almost completely replaced by c a lc ite .  

QUartz is very  common in rounded grains up to 0 . 5  mm. in 

^meter which have been p a r t ia l ly  replaced by c a lc ite .  A mica- 

Ce°us m ineral, possibly  b io t it e ,  is  quite common in  crystals  up

0 .4  mm. in diam eter. These crystals  have been replaced by



S 4 .

+ hn+ still* retain  their 

c a lc ite ,  s e r ic it e ,  chlorite  and quar tal crystals

u o f  i p u c o x e n e  a f t e r  s k c -^
Pleochroism. Pseudomorphs or -

, in diameter are abundant,

of ilmenite approximately •

• „  fresh skeletal^ rystals  up to 1 mm.

Fresh p yr ite  occurs  m  with

diameter.

t b  f e l d s P“  lathS in ' “ ‘’■'’“ ’’“ ‘’ l / B e c K  at 1000 feet O .D .
Another specimen from Mosedsle , ^

( • pd than the f i r s t  specimen.

(B 9 3 0 0 )  i s  f i n e r  g r a in e d  r e D l a ced over much
. .  anA f e ld s p a r  is rep iaceu  

matrix of quartz , c h l o n  e ^  iri diameter.

*4- in crys^^
Of the section  by calc i  e ’ 0 . 2  mm. in  diameter

in ffVSt PlJ- S
Quartz and fe ldspar  occur ^

hut these are o ft en  replaced  by c

is  abundant .
Penninite  and  c l i n o c h  o , ^  ^

An i n t r u s i o n  m  Oxensto ^

• o+c; o f  a  r o c k  yDJ- > 

road <B .B .  06221455 )  ^  ^  u t t l e  c a lc ite .

s im i l a r  to those m  Mose a  ̂ ^  ^  ^

Quartz  and f e l d s p a r  occur m  fe ld s p ar
+ of abundant p e n n i n i t e .  The

obscured by a d e v e l o p m e n t  / Q<sinnallv
+ 7 f i n e d  v e s i c l e s  occasional  y

is badly s e r ic it i z e d .  QUrr

° C C U r ‘ „  C r 8 g  m  N a n n y c a t c h  Oorge (E 9618)

A s p e c i m e n  from R a v e n  brag
a  specimen „ + h«! p e n n in i t e ,

. -+ i z e d f e l d s p a r  l a t h s ,  I
1 . • -r*-P QPflCl Vi"
has a fine  matrr* f  ^  up to 0 . 1  mm.

s e n  cite  and q ua , . ^  ^  ^  grain*

»  diameter are sc

up t o  0 . 3  ram. i n  d i a m e t e  l o n g .
ipnses up to 3 mm. long.

a b u n d a n t ,  f r e q u e n t l y  o c c u r r i n g  i  

Q u a r t z  f i l l e d  v e s i c l e s  a r e  c o m m o n .



. „  are so badly  altered that 
The specimens described  above «  ^  ^  ^  ^

their  or ig in a l  id e n t ity  has been ^  constttuent of the

every  specim en  and i s  probably  a 

r o c k s .

fb___ The H o le  G i l l  Por£h£SEi. t

------------  ^  ,Q an e x posure about
The H o le  G i l l  Porphyry  crop  ^  on the east

four  f e e t  across  i n  the south bank o 0 9 6 6 1 1 6 6 ) .  The M ain

side  o f  L a n k  Bigg at 1 4 0 0  f e e t  °  * x \ p p * oximat e l y  f i ™  yards  on 

Granophyre  i s  exp o sed  m  Hole 1  ^  ^  ^  ^  geen in  con_

e it h e r  s id e  o f  the porphyry* -nCk c o n ta in in g  large '
„ Pine g r a in e d  roc*  ^ 

t a c t .  The porphyry  i s  a ri  ^  ^  ta b u la r  c r y s ta ls

euhedral  t a b u l a r  feldspar phen Y  v e r ^.£cai  east- west plane ,

»re a ll ig n e d  ronghly parallel * ° J J  as a dyKe .

as- i f  the porphyry  has  been  ^  compoSed o f  a v e r y  s o ft

The m a tr ix  o f  the P ° rphy^ b e r a l i y  sp eckled  w ith  a dark  

creamy c o lo u re d  c la y  substanc nocrygts  are about one m illi-

g r e en ish - g re y  m a t e r ia l .  T*1 - n timetre i n  d ia m e te r .  They 

metre t h i c k ,  b u t  some exceed  a o r ig inal- fe ld s p a r  has  been

are a l l  p e r f e c t l y  e u h e d r a l ,  u ^

r e p la c e d  b y  a w hite  c la y  miner ^  ^  seen  ^  ^  e n t i r e l y

I n  t h i n  s e c t io n  the r c l a y  m inerals  and
+ o are composea

a l t e r e d .  The pheno crysts  m in e r a ls ,  s e r ic i t e  and
I • « V»£l 5! 3.

s e r i c i t e .  The m atrix  wh ic h  are set  i r r e g u l a r  masses

a l i t t l e  chlo rite  and associated  with fresh

O f  w hite  le u c o x e n e  an ^  ro d - lik e , s k e le ta l  and

m a g n e t ite .  The m ag n e tite ’ occurs ^  the g r e e n is h

i The leucoxene  anu
octah edral  c r y s t a l s .  soecim ens .

.  +he rock m  nano, 
grey  m a te r ia l  s p e c k l in g   ̂ other rock in  the

The Hole G i l l  ^ P h y r J  -  ™  flranophyre and yet it

v i c i n i t y .  I t  i .  7 : 1 : : : :  granophyre is  fresh , 
is  e n t ir e ly  altered



a p p e n d ix  I I I

MINERALOGY -

. from B u t t e r m e r e :-- A _ C r i t i c i s m

£ . The Composition__of_G.i]X5--- —  " linn of
. , i S ( 1 9 5 7 ) f o r J h e _ 0 o r r e L 8 ^ 2 a _ 2 - f- 

o f  D i a g r a m s  bv S r i r M i a d i - - — — ”” . -t,
---  --- T r a c t i v e  i n d l o e ^ w l t h j h ^ & s a i c a i

Unit C ell  Edges and_Ref££-----

Composition of Garne^ts^.

■ k aarnets have been found in diorite

S m a l l  y e l l o w i s h  p i n k  fc, i n t r u s i v e
,-th in the B u r t n e s s  Combe Intrusive 

f r om t h e  t o p  o f  a  l a c c o l l  »  ^  ^

Com plex (Chapter I I I ) .  ^  ^  #f a„  aIlal y3ed

t h e s e  g a r n e t s  c o r r e s p o n d s  ( H o r n u n g ,
Southern Rhodesia (Hornung,

s p e s s a r t i n e  g a r n e t  from B ^ n so  , a r t i f i c i a l
• i i a r  p a t t e r n  i s  g i v e n  b y  a r t i f i c i a l

Ph.D. thesis, 1961). A simil-a

,  K e ith ,  1 9 5 1 ) .  «»> Xray P »tternS ’ there 
s p e s s a r t i n e  ( Y o d e r  and ivei , no « « n r t i n e

iets from B u t t e r m e r e  are s p e s s a r t i n e  

f o r e ,  i n d i c a t e  that the g a r n e t s

g a r n e t s .
m of Sr iram adis  (1 9 5 7 , .  F i g .  D  

The t r i a n g u l a r  diagram  of o n

t h e  c h e m i c a l  c o m p o s i t i o n  o f  a garne
a p p a r e n tly  allo w s  the cnerax

,  s p e s s a r t i n e ,  almandine and pyrope to 

SI S t in g  of  a m ixture  of  s p

•+ r e l l  edge and r e f r a c t iv e  in d e x ,  

he d eterm ined  from i t s  uni th is
P+ from Buttermere determined from th is  

The c om po sit ion  of  garne
tine  6 6 $ ,  almandine 30% an py

diagram  ( F i g .  26) i s  spess 

4 % .

f  h i s  d iagram  has b een  tested  by p lottin g  
The accuracy  of h i s

th «  •+ •  .  of  four  g a r n e t s  determ ined  both  from th e ir
the c om po sit ion s  oi io u r  g



V ar ia t io n  of unit  cell  edges and refractive  in d ic es 

with chemical composition in  the garnet group— Pyro/ge_- 

Spessartite  - Almandite.

Le g e n d

t

Composition of garnet determined by chemical analyses

Composition of garnet determined from the diagram.

A . Pyrope from Norway, N ixon , 1 9 60 .

3 .  Pyrape from lvao, N ixon , 1 9 60 .
C . Pyrope from Kao , N ixon , 1l960 .
D . Spessartite  from Benson, Hornung, 196L .

E .  Spessartite  from Buttermere.
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ties  There is Littie
o p t ic a l  p r o p e r t ie s .

chemical analyses and their  optical
• al compositions ana

correlation  between the chemi f r o m  B e n s o n  c o n t a i n s
+ „ A spessartm e

properties of these garne • a l m a n d i n e  a n d

x +her than pyrope, 
only 2 .2 9 %  of consituents  o calculated  from its

-artine conten , c 
spessartine , yet it s  spess „«artine  content.

. a -̂ he actual spe 

optical pro p erties , is  ha -x-^ns of each of tne
^ observed compositi 

The calcu lated  and ob - ^  refractive  index.

garnets corresponds to simi however, are ^

f the unit  cell  edge, 
corresponding values  o prom Benson, tne

,, soessartine

d if fe r e n t ,  for example in   ̂ ' _ ed compositions
ulated  and oDiKJ. 

refractive  in d ic e s  o^ the c re sponding unit
! while the coxj . 

are 1 . 7 9 3  and 1 .8 0 3  resp ectiv ely , ^  the unit

Xt is  n o t ice
cell edges are 1 1 . 5 5  and H * 6 reater than that

■is alW9ys bx

cell edge that  is  actually  °b s e ^  ^  ^  a garnet .

cahulated from the analysed compo ertain , perhaps
v • fferences is

The s ig n if ica n c e  of these ArtAi-te or uvarovite dis-

a slight  im purity of grossul ^  edge. ihe

torts the crystal la tt ic e  an composition of
/, +he chemical

differences make c o r r e l a t i o n  i n d e i  by  « e W S  °

edge end r e f r a c t i v e

garnet with it s  u n i t  ce

the above diagram^nadvisab

o -p the Main^Gra2 22 ^C£Sj. 
g . The Paidspars o f --- ---

A. O r t h o c l ^ e J ^ r o B ^ ^ ^  ^  ^  Granophyre is

The m ajority  of the fe ^  micrographic

xhite occur
m icrop erth ite . The micrope ^  the matrices

m  anhedral crys
m tergrow th  with qua.r ,



raicro g ran ite s ,  in subhedral prisms and as overgrowths on 

Primary p lag io cla s^  phenocrysts.

The perth itic  texture can be revealed in the coarsest

nicroperthite ^7 stain ing  with sodium c o b a l t i n i t r i t e . Fine

mic r o p e r th ite , however, stains  as homogeneous potash feldspar.

In  thin  section  the texture of the feldspar varies  from 

P r a c t ic a lly  homogeneous to d is t in c t ly  p e r t h it ic .  The plagioc­

lase occurs in  the coarsest microperthite as parallel  spindles

which show fine  albite  twin lamellae parallel, to their length . 

Th *
ls is  p a r t ic u la r ly  well seen in  microperthite overgrowths on 

^lagioclase  phenocrysts where the plagioclase  spindles in the 

minro oerthite are parallel to the twin lamellae of the primary 

P lag io cla se . The most common microperthite has a fine mottled 

texture in  which there are no means of id e n t ify in g  the plagio­

clase and orthocla.se fr a c t io n s . There is  no albite  twinning in 

the plagioclase  and the whole feldspar  is crowded with dust 

Preventing any d ifferen ces  in  refractive  ind ices  from being 

seen.

The 2 V  s of several specimens of microperthite from 

the Main Granophyre have been plotted on part of the graph 

^ i g .  2 7 ) .  by Mackenzie and Smith (1 9 5 5 ,  F ig .  l )  correlating  

the optical properties  and chemical compositions of alkali  

fe ld sp a rs .  The m icroperthites are assumed to be orthoclase 

micro p erth ite , and are plotted on the graph as such, because 

their  r e a d i ly  observable perthitic  texture shows that they

low temperature feBspars. Their 2 V 's  are in general 

too high for  high  temperature fe ldp ars , and too low for



'l a .

P o t o . l * .

P h o t o . l 7

T he 2 V s  of M icro pe rth ites  and K-Feld:.par;> of the 
Main G ran o ph yre .

a fte r M acK enz ie i Smith



micro clin e  m icroperthites .

This  graph shows that the majority of their  compositions

f a l ls  between Ab»An60  0 r 40 and Ab * An4Q Or 6Q .

The phenocrysts in  the finest  granophyres of the Main 

Granophyre are commonly composed of a plagioclase core and a 

roicro*.perthite rim. The microperthite rims hare developed by 

rePlacement of the primary plagioclase and in some cases- the 

P lagioclase  has been entirely  replaced, leaving a microperthite 

Phenocryst. The m icrop erthite  rims of several phenocryst^Ln 

each specimen are perfectly  euhedral (Photos!. 1£ &  1:7).

These euhedral rims are commonly skeletal and their  faces 

appear to have grown in  situ  at the expense of the surrounding

micropegm atite .

The m ic r o p e r th ite  of some of these euhedral feldspars 

hoe lo s t  i t s  microperthitic texture and become a c lear  grey 

fe ld sp a r . The 2 V ' s  of some of these feldspars are low , in  

the reg ion of 66 degrees, and a few of them are crossed by 

very fine  str iae . Their homogeneous character suggests that 

these fe ldspars  are cryptoperthites and the fine  striae  sug­

gests  that they may be anorthoclase. The low est  2 V ' s of 

some specimens are lower than those of the normal microper­

thites  but not as low as those of the high temperature fe ld ­

spars. These feldspars  are probably cryptoperthites in t e r ­

mediate in  structure between the low and high temperature 

f e ld s p a r s .
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B..» P l a g i o c l a s e .

The o p t ic a l  p r o p e r t ie s  of the p la g ic la s e  c r y s t a ls  in  

the M ain  G ranophyre  suggest  that  there are three d i f f e r e n t  

Pl a g i o c l a s e s  p r e s e n t ;  Normal p lag ioclase  with  com positions

of about A b _  and A b „c , and a high temperature form of plagio-
9 b fi&''95 au65

clase.

The 2 V 1 s of many plagioclase crystals in which the optic 

s ign i s negative are very low, between 77 and 69 degrees. This
low1-

is  much lower than the lowest 2 V of/temperature oligoclase 

an* andesine . Sim ilar  values of 2V have been obtained from 

Piagioclase  from the Beinn an Dubhaich Granite  by Tuttle and 

K e i th (1 9 5 4 )  who suggested that the plagioclase  was intermediate 

in  character  between high and low temperature p lagioclases .

Permmagnesian Minerals.

A.___ The Basic and Hybrid Rocks^

The original ferromagnesian mineral in  the basic rocks 

Was ajpyroxene which  has been almost en t ire ly  altered to 

araphibole or c h lo r ite .  Pyroxene is  preserved as rare remnants 

in the cores of amphibole pseudomorphs in a d io r ite  (S 9202 ; 

f rom B urtness , Buttermere. The optical properties of this 

Pyroxene are as follows: —

Colour Colourless .

C le av a ge  Not observed , p o s s ib ly  due to;
small size  of gra in s .

R e l i e f  High.

Birefringence  Moderate. Maximum interference
colour observed was f ir s t  order red .  
B irefringence is  possibly  higher as 
few grains were examined.



I n t e r f e r e n c e  Figure
B ia x ia l  p o s it iv e . The following 
values of 2 V have been determined 

48 , 50, 50 , 5 0 .5 .

*  .T o u r  suggest th a t  t h i s  pyroxene
The medium 2 V and la c k  of c 

i s  a u g i t e .

• +Vl +he fo llo w in g  o p t ic a l  p r o p e r t ie s  is  
T i t a n  augite  w ith  the

, 1,0397) from Buckbarrow in
abundant in  a microdiorite

W a s d a le :-

Pale p in k .

Very weak.

Tvo d e a v a g e  d ir e c t io n s  at r ig h t  

a n g les , not well* d e v e lo p e d .

C olou r  

P leo ch ro ism  

Cle  avage

He l i e f

B i r e f r i n g e n c e

E x t i n c t i o n  

In t e r f e r e n c e  Figure

H ig h .

Moderate. Maximum interference  
colours are second order greens 

and yellows.

c y\ z 53 degrees.

Biaxial positive. The following 
values of 2 V have been determined, 
46 , 46 , 43 , 4 4 .

Am phibole  occurs as pseudomorphs a ft e r  au gite  and is  

abundant as small f ib r o u s  c r y s ta ls  d is s e m in a te d  through almost 

a3-l specimens. The amphibole c r y s t a ls  r a r e l y  have good crysta l  

f orms fo r  the f ib r o u s  nature  of the amphibole g iv e s  the crystals  

ragged  f ib r o u s  e d g e s .  The o p tical  p r o p e r t ie s  of  the amphibole

are given  below:- 

Colour 

Pleochroism

Pale green

Pale green  to colourless , or 

occasionally  pale brownish green 

to pale yelliow.



Cleavage Typical amphibole cleavage.

Relief Fairly high. n«<=i 1 .6  25 - 0 .0 0 5

n *= 1 .6 5 5  i 0 .0 0 5

B irefringence  Fairly  h igh . Maximum interference
colours are middle second order 

colours.

Extinction c A  z varies from 20 to 25 degrees.
Twinning Common parallel to (100 )

Interference  (Figure B iaxial negative . 2 V 1 s variable
from 7 2 .5  to over 80  degrees.

The occurrence of the amphibole as a secondary mineral 

after  augite suggests that it  is  a member of the tremolite- 

actinoiite s e r ie s .  This is  supported by the fibrous nature of 

the amphibole and its  pale green colour. I t s  low refractive  

index , nx  — 1 655 also suggests that it  is  close to iremolite 

in com position . The maximum extinction  angle is  high for 

trem olite- actinolite , but it  is considered that the optical 

Properties  of the amphibole are closer to those of tremolite- 

act in o l it e  than any other amphibole. The mineral i s ,  therefore, 

referred to as trem olite-actinolite in  this  work. The variation  

in  2 V and extinction  angle suggests that there may be a 

VRr ia t io n  in  composition of the amphibole.

Penninite  is  by far the most common chlbrite p— resent. It 

is  pleachroic  from green to pale green, is  almost isotropic  

but shows a.nomolous B e r l in  Blue interterence coloi-n s. occa­

s io n ally  the penninite has anomalous brown interference  colours. 

Tbe maximum interference  colour of the chlorite  increases to 

f irst  order white in a few flakes  which may be clinoclore .



A serpentine mineral is abundant in the matrices of 

sections E 9201 to 2 9204 from the Burtness laccolith and is 

the major mineral in pseudomorphs after feldspar in B  9201; and 

E 9 2 0 2 .  The optical properties of  this mineral are given 

b e lo w :—

p Commonly structureless ,  but f inely

<orm fibrous in places.

B irefringence  N i l .

R e l ie f  Fair#

Refractive  Index 1 . 57 - 0

The refractive  index and the absence of birefringence

mav be a variety  of penninite . 
suggests that the mineral y

The l ack 0 f  s t r u c tu re ,  or fin e ly  fibrous structure, however,, 

suggests that it  is  a s e r p e n tin e .  It  may be amorphous ser- 

Pophite or an isotropic  antigorite .

n Rorrowdale Volcanic Series^

0 from a pyroxene andesite (E  10354) 
Primary pyroxene, from a yy

(Cr R 14031097) has the following 
from L i t t l e  Gowder Crag fl­

optical p ro p e rt ie s :—

Colourless to very pale pink.
Col our

Tvnical pyroxene cleavage
Cleavage

Relief High .

Moderate. Maximum interference
Birefringence  colours are second orders green

and yellows.

Cl- „„r.o B ia x ia l  positive. The following
Interference  fig • 2 V 's have been determined, 56, 5 6 . 5 S

5 6 .5 ,  58 degrees.
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££gRQGRAPHI0 ThJCHNI OUE.

^ --.2^" in i  riff !|le ld spsrs .

The correct id e n tifica t io n  of potash feldspars has been

e ssential  in  the study of the hybrid rocks of the Ennerdale 

Gr^nophyre. In  thin  sections of the hybrid rocks, plagioclase 

cr.ystals that have been enriched in  potash are commonly very  

sim ilar  to altered plagioclase crystals  containing no potash. 

ne only  r e lia b le  method of identify ing  potash feldspar  in  

such rocks has been to stain the specimens with sodium cobal- 

t i n i t r i t e .  The method used for such stain ing  has been a 

mo d i f i Cat i on on the method described by B a ile y  and Stevens

(19®) . 

ii£ocedurp

1 .  Place an etching vessel on a f i l t e r  paper on a 

hot plate at regulo 1, in  a fume cupboard.

2 . P ill  the etching vessel to within  |-inch of the 

top with 40fo hydrofluoric  acid solution . The 

etching vessels  used were p lastic  boxes normally 

used for packing glass cover-slips.

3 .  Place a specimen face down over the hydroflouric  

acid and leave to etch. The etching vessel should 

be completely covered by the specimen, for i f  the 

acid can escape the etch wilibe uneven.



4 .  Remove specimen, rinse in water, and immerse it  in 

a saturated sodium cobaltin itrite  solution .

5 . W-ash specimen, dry, and cover with c ry sta llite  and

a cover s l ip .

The times of ten seconds etching and f ifte e n  seconds 

G a i n i n g  recommended by B a iley  and Stevens for thin sections 

h»ve proved sat is fa c to ry . Their recommended times of three 

minutes etching and one minute staining  for polished rock slabs, 

however, give too thick a precip itate . The best results  with 

oolished rock slabs have been obtained with three minutes 

etching and f i f t e e n  seconds stain ing . The resolution  of a stain  

in which the precipitate is too thick can be improved by gentle 

E b b i n g  to remove excess precip itate .

R e s u lt s

Thin Sections: Staining of thin sections from which the 

c°v#r slip has been removed is unsatisfactory because of inter­

ference by Canada Balsam still covering the section. Washing 

"ith  xylol to remove this balsam is never completely successful.

The results  of staining fresh uncovered sections are 

u su„]ly good. The pale colour and translucency of the p recip i­

tate , however, makes i t  d i f f i c u l t  to d ist in g u ish  accurately 

between potash feldspar and plagioclase in  mixed cry sta ls .

Rock Slabs : The results  of staining  polished rock slabs 

are u su ally  excellen t . The stain is  selective and clearly  

delim its  the potash feldspar . The resolution  of the stain  can 

he improved by giving  the rock slab a finer  p olish . ihe 

resolution  on such well polished slabs is  s u f f ic ie n t ly  good to



show fine perthitic and xonary textures in mixed feldspars, 

b^t microperthites tend to stain as homogeneous feldspar.

The staining of potash feldspar on polished slabs is 

believed to be selective enough for the stained specimens to 

yield meaningful modal analyses when their potash content is

counted with a point counter.

P Ia g io c la s e :  The technique of staining plagioclase by 

rhodizonate , recommended by Bailey  and Stevens, has not been 

successfu l . In  a few cases the selective staining has worked, 

but in  many cases the rhodizonate stain has not been selective 

This may have been due to the porosity of the specimens.



APPENDT Y v

HISTORY o f  p r e v i o u s  r e s e a r c h ..

The h isto ry  of previous research can be conveniently 

divided into three sections; The Snnerdale Granophyre, the 

Skiddaw Slates  and the Borrowdale Volcanic Series . The early 

research is  of such a generalized nature that all three sections 

* i l l  be described  together up to about 18

1. ^ar ly  Research.

Re search began in the area about 1820 when Jonathan Otley 

published h is  -Concise Descripton of the English  La*e  D i s t r i c t ' .  

Otley  subdivided the Lover Palaeozoic rocks of the Lake D i s ­

tr ict  into  Lower, Middle and Upper S la te s .  He gave the f ir s t  

description  of the general outcrop of the Ennerdale Oranophyre 

(PP. 156-8) which he believed to be a fine grained  v ar iant  of 

the Eskdale  G ran ite .  He believed the granitic  rocks of the

Lflke District to be the basement rocks.
Sedgwick (1 8 4 2 ,  pp. 209-10) recognized the intrusive  

nature of the granophyre and noted the intense metamorphism of 

the Skiddaw Slates on Revelin  Crag and Herdus in  Ennerdale . He 

attributed  the presence of the wedge of Skiddaw Slates  on Red 

Pike to the wedge being "caught up by the syenite , carried  to 

the top of Red Pike and wedged against the green porphyries of 

W g h  S t i l e " .  O t le y 's  Middle Slates were renamed the "Green 

Slates and Porohery Group" by Sedgwick, who recognized their  

volcanic o rigin  (pp . 202-5). Sedgwick 's  work on the Skiddaw
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„ flT)ers from 1832 to 1858 was 
elates  published  in numerous f x

^oia + Tnn of the Lower Palaeozoic
larg ely  concerned with the cor

+ with Palaeozoic successions
succession in the Lake Distr

elsewhere, p articularly  in Aales.

049 ^  suggested that the Ennerdale 
P h i l l i p s  (1 8 4 6 ,  PP. 242-3; sugge

r pxtruded above the Borrowdale
Granophyre may have been exxr

V„, • ,  • H. „ „ e  the mineralogy of the granophyre
Volcanic S e r ie s ,  He gave

n with some quartz in ter—
as "M ostly  composed of red *

spersed and a variable admixture of a soft greenish or yellow 

mineral.'. Rarely distinct hornblende is observed.- !n  a

, fl1e Volcanic Series (p p . 239-44) 
discussion on the Borrowda

origin for the amygdaloidal 
he postulated a normal volcanic or g

i U hi,t regarded  the porphyritic lavas as
lavas and the ashes, but r g

s l a t e s  which had been metamorphosed in

s a n d e d  by Marshall ( 1 8 5 8 ,  pp.  84-96)  who 
T h is  i d e a  was expanded oy

—■oVi-trri tic lavas were the products also believed that the porphyritic

m +hp interbedded slates remaining 
of selective metamorphis ,

„ relative i n f u s a b i l i t y . He
unaltered  because of their rex

. r*« and granites  were the products of 
Postulated that syenites ana h

vxQ-,-n<y only "altered beds of slate in situ'.' extreme metamorphism being oniy

„,,ki i shed an account of the Skiddaw In  1863  Harkness pubiisnea

„ 4 0 ) i n which he gave a description  
Slates  Series  (p p . 113-4U'

distribution of the flaggy beds in the slates,, of the general disxriuuu

and attempted to determine the regional structure. He 
believed that the Volcanic Series were conformable with the

Skiddaw Slate Series ( i b i d .  fig. 4 ) .



Nicholson ( 1869a , pp. 105-8; 167-73) censidfered the 

junction  between the S k i d d  aw Slates and the Borrowdale Vol- 

canic Series to be an unconformity. In a  later  paper (1896b , 

PP. 435-41) he b r ie f ly  described the Ennerdale Granophyre, 

but considering S e d g . i c K ' s  (1842 )  detailed  description  ef 

the outcrop of the g r a n o p h y r e ,  his inaccuracies are very 

surp risin g . H is  major error was that he did net ta t .  into 

account any outcrop south of Iron Crag, apparently not 

“ otic ing  the areas of g r a n o p h y r e  around the Bleng V a lle y  or 

Nether Wasdale ( i b i d .  FigJl). He mad</a comparison between the 
microgranites of the Vale of St . Johns and the Ennerdale Grano- 

nhyre, concluding that the intrusions were probably the roots 

»f ventsjfrom which the Berrowdale Volcanic Series  were e-rupted 

(P P . 4 40- 1 .)  He fa iled  to r e c o g n i z e  any metamorphic effects  of 

the granophyre in the Volcanic Series and so did not reali 

that the granophyre is  younger than the Volcanic S eries . 1 

noted (p p . 437 )  the great width of the metamorphic aureole of 

the Ennerdale Granophyre in the Skiddaw Slates  of E n n erd a le , 

and M a r k e d  on the lack of metamorphism in  Buttermere. N icho l­

son (1 8 7 0 ,  op. 559-6 1 0 ) published the results  e f  a  survey of 

the lower part of the Borrowdale Volcanic Series  between 

Ullsw ater  and Keswick . A ll h is  sections i l lu s t r a t in g  this 

Paper c le a r ly  show the Volcanic Series  uncomformably over- 

lying the Skiddaw S lates . It  was in  this  paper that Nicholson 

first m e n t i o n e d  the need for a new name to replace Sedgwick's  

''Sreen Slate and P o r p h e r y  Group" (pp . 5 9 9 ) .  He introduced the 

name "Borrowdale S e r ie s "  in a later  paper the same year (1 870b ,

. ze

He



I n  two short  notes  ( 1 8 6 9 ,  pp. 56 ;  pp. 1 16 )  Dakyns sug­

gested t h a t  the j u n c t i o n  between the Skiddaw o la te s  and the 

Borrowdale  V o lc a n ic  S e r ie s  was an uncoraformityr He reversed  

this o p i n i o n  in  B75 ,  when, in  a jo i n t  note with J . C . a a r d  

^ P .  9 5 ) ,  he d e s c r i b e d  the interb edd ing  of  Borrowdale  V o lc a n ic  

S e r i e s  and Sk iddaw  S la te s  in  Swindale  near  ohap.

A v e l in e  ( 1 8 6 9 ,  p p .3 8 2 )  mentioned Wards work in  the area ,  

^  s tated  that  the ju n c t io n  between the Skiddaw S la te s  and the 

Borrowdale  V o l c a n ic  S e r ie s  was fau lted  in  all  p laces  so far  

examined by  the G e o lo g ic a l  Survey.  This  statement was m od if ied  

l a t e r  i n  1 8 7 2  ( p p .  4 4 1 )  when he de scr ib ed  an un faulted  com- 

f ormable j u n c t i o n  near  Bootle  in  the Black  Combe a r e a .  I n  

t h is  l a t e r  paper A v e l in e in tr o d u c e d  the name "V o lc an ic  S e r i e s "

for the Borrowdale Volcanic Series .

The G e o l o g i c a l  Survey were system m atically  surveying  the 

Lake D i s t r i c t  about 1 8 7 0 ,  and the En nerdale  Grariophyre was 

covered  by  the fo l lo w in g  maps:-

1 8 7 5 .  one ! n c h  Q u . r t e r  S . E . ^ O l d  S e r i e s )

1 8 8 1 .  One Inch  Ouarter Sheet 99 N . E . (O ld  Se r ie s )
i kit- w T A ve l in e ,  J . C .  Ward, and A . C . G .  Cameron,  surveyed by W. i • avcj-j- >

1 8 8 2 .  One In c h  Ouarter  Sheet 98 N . W .  (O l d  S e r i e s )  

surveyed  by tf.T. A v e l in e ,  J . C .  Ward,  C . E .  DeRance ,
G . H .  Wollaston, P. R u t le y ,  A . C . G .  Cameron and E .J . H e rbert

1 8 8 2 .  One In e h  Quarter  Sheet 101 S »  (O l d  S e r i e s )  

surveyed  by J .  C .  Ward and A . C .  G .  Cameroon.

These maps gave for  the f i r s t  time a r e a s o n a b ly  accurate  

map of  the whole of the Ennerdale  G ran op h y re .  They also  formed 

a fo u n d a t io n  on which future  d e t a i l e d  research  could  be based .



A .__ The Ennerdal e Granophyre .

 ̂ +hp Rnnerdale Granophyre for the 
J .  C . Ward surveyed the Lnner

• oi qnrvev and the results  of 
Primary survey of the Geologic

cot-Hp s  of papers and an o ff ic ia l  
his  work were published in a s e n

/ cp4  ̂ he estimated that the Ennerdale
memoir. In  1875  ( p. 5 84 '

, r„an-ite were formed at the end of Granophyre and the Eskdale Granite
j +hp l ia u id  cav it ies  and their

the Upper S i lu r ia n .  By studyi g

• miartz of the granophyre, he cal-
enclosed gas bubbles in the quartz *

s o l i d i f i e d  under a pressure
culated t h a t  t h e  g r a n o p h y r e

a of 3 5 .000  feet of rock. He cali- 
equivalent  to that of a load of d*>,

• , pnre that the actual load at the
eulated  from geological evidence

99 000 feet of rocK ,leav ing  an
time of s o l id i f ic a t io n  was - ,

13 000  feet  of rock ( p . 5 8 4 . )
excess of internal  pressure of l J . u

b,,l 0 „ may have acted as a warping
This excess pressure rr

t- ( o. 5 8 8 ) .  In  the second part 
agent on the overlying rocks. V t

1-34) Ward developed his  theory
° f  the same paper (1 876 ,  LP*

the Lake D is t r ic t  were formed by 
that the granitic  rocks of the u

rocks. He collected  evidence from 
metamornhism of the country r o c E

microscopical,  and chemical examination
various sources, ie >

, _  +hat the Ennerdale Granophyre origi- 
(pp . 14 , 18 , 22) to show that tn

vnhism of the country rocks in s itu . He 
nated from the metamorphis

hptween the outcrops of the granophyre 
noted the parallelism  bet^eei

0 f the Borrowdale Volcanic  Series
contact and the various bed

/ l O  to illustrate  this  p oint . He gave 
g iving  a map (p .

• of the granophyre and a chemical
Petrographic descriptio

2.  Morp !?.(;cent R e s e ar c h .
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analysis  of a specimen from near Scale Porce. Although Ward 

b elieved  that the granophyre was metamorphic m  origin , he 

recognized the p o s s ib i l it y  of rheomorphic action leading to

^he intrusive  phenomena ( p . 2 6 ) .

Ward wrote the o f f i c i a l  memoir (1876  a) describing the

Geological Survey Quarter Sheet 101 S .E .  (Old  S e r ie s ) .

section  on the E n n e r d a l e  Granophyre is  similar to, but less

^ t a i l e d  than, that in  h is  paper ( 1 8 7 6 ) .  The memoir has a

full b ib lio grap hy  of early  work in the Lake D is t r ic t .  He

e h-i* work in the Lake D is t r ic t  in  1879 
Published a summary of his  wor*

(PP . 49-61; 110- 124).

Harker (1 8 8 6 )  f ir s t  introduced the name granophyre for the

rock o f 't h e  intrusion , superceding  the older names of s ie n it e ,

, . . .  rr-r'ani te ( P. 2 0 9 ) .  He described a thin
syenite , and syenitic  granite v y

section  from Buckbarrow and attributed the texture to a mutual 

c r y s t a l l iz a t io n  of fe 1/spar and quartz. In 1902 (pp . 487-96) 

he d iv id e d  the major intrusions of the Lake D is t r ic t  into an 

older and a younger suite . The Ennerdale Granophyre » . s  put 

in  the older suite , which is c losely  associated with the Borrow-

dale Volcanic Series and belongs to the same period of igneous

_ , , • + •„  vnunser than the Volcanic  S e r ie s .  A
a c t iv it y ,  although it  is  y o u n g s

, +hi<? suite are older than the main fold
number of intrusions  in  this

movements of the area . This paper also contains a full  b i b l i o ­

graphy of Lake D is t r ic t  petrology. In  1903 (p p . 59-69) Harker 

gave a l i s t  of all chemical analyses then available  of Lake

D is t r ic t  rocks.



Marr (1 9 0 0 ,  pp. 474-5) suggested that the form of the 

intrusion  was la < $ l it h ic ,  hawing been 'fo rced  along the lag 

Plane between the SKiddaw Slates and the Volcanic r o o k s ' .  He 

noted the presence of d istin ct  masses of basic rocks associated 

with the pink granophyre and suggested that the two rock types 

were derived  by magnetic d ifferen tia tio n  from a parental magma. 

In  1906 (p p .  Ix x x i )  he said, "The Ennerdale Granophyre, and 

Perhaps the Eskdale Granite, are apparently of the age of the

Borrowdale Group ".

Walker (1 9 0 4 ,  pp. 83-5), describing the Burtness Combe

tv , . , , +v,Q+ the main mass of  diabase was
Intrusive  Complex, noted that tne

cut by a banded fe ls ite  dyke. He recognized the interaction  

ot the diabase  and the felsite  to produce a qnartz d iaba se .

He deduced that f i l l e n  blocks of garnetiferons diabase in 

Combe G i l l  came from the main mass of diabase and proposed 

that the Ennerdale Granophyre and the Eskdale Granite came 

from the same magma, as both show intermediate garnetiferous 

r o c k s . He stated, "the fe ls ite  was probably f ir s t  intruded

... , . , ____ l a t e r . "  despite the fact that the
and the diabase came up iax.e-1,

fe ls it e  c le a r ly  cuts the diabase .

R astall  published his  important paper on the Ennerdale 

Granophyre in  1906 (pp . 253- 72). He gave a petrological 

descriptio n  of the intrnsion , stressing its  v a r ia b i l i t y  ( c f .  

Ward, 1 8 6 7 a ) .  He described the basic masses of oeatallan , 

M ecklin  Wood and Bowness Knott attributing  their  peculiar  

oetrology to h ybrid izatio n  between an ear lier  basic  and a
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1 ate r

(1900)

serie

e 9 7 2 ) He followed Marr 
( 266; 2 7 ^ ; .  

acid ic  in tru s io n  kit* form of a

+hQ+ the intrusion was 
) in suggesting t basic rocKS were

L, . +he acid ana

- —  s of la c c o lit h s  and a parent magma ( P- 268  ̂*

, .  n fprentiation of
derived by magmatic d i t ' ei gran it ic  at the margins,

The areal variation in the g   ̂ attributed to 1 lac-

+he centre,
Passing t o  g r ano p h yric  m  . 2 7 0 ) . R a s t a l l

after intrusion  ̂ • 

colithic1 differentiation Burtness Combe Complex by

modified W a lk e r 's  (1904 )  work ^  d ia base was the later

ng that the fe ls it e  'y^e qUartz in the diabase
,  , the presence ot q

ision. He attributed  g t i U  raoLten
. •, ^ d m a  into w

showi 

intrusi 

to a

usion. He attributed the , ^  ^  molten

.. second intrusion  of « «  “ ‘ ^ r i4  ( p. 2 6 3 ) .  ««*
, diabase ny

diabase producing a quar - ^obably pre-Caledonian,

• on as most f* rqv5
°f the intrusion was giV ^  with WitcoC^ son in

i * e .  Ordovician ( P* 269  ̂ • t"c  accessory  m inerals

(PP . 614-16) gave the c h are c te r is  “  M agnetite ,

+h nvrrhotite and pa much
e granophyre as py and jjimenite

+2 +e zircon, rU 0rY minerals
rown sphene, a p a t i t e ,  all aCCessor.y

. , „r hybrid rociv
v, acicular 11 j

ess common. In  an

br 

1

were r
e r M S - 58> discussing the relative ages

Dwerryhouse ( 1 9 ° 9 > ^ rdale Granophyre as reve ale

at the Eskdale G r a n i t e  an Wastwater, »ould not

+ +he foot or
by th e ir  mutual c o n t a c t  a ^  ^  contact is  coverea b y

produce any d irect  evidence ^ ^  nesrest granite to the

screes. He stated however, t ^  f a c ie s while the nearest

contact appeared to be of 14-15* believed that

•j Q 1*0 on. v i-y •** ? 1 "

Rranophyre was unaltere



i • +hic l̂e als0 thought
• „ was 1 accolithi

._rm of the in trusio  raoVements in the
, +^e main

that the in tr u s io n  precede he attributed the

or (1 9 1 9 ,  PP- 17b"  
area. In  a second paper nophyre to the

• am around t/i &
low degree of metamorpilS than the a b s e n c e  o

l irers  rather
absence of v o l a t i l e  minera Survey resurveye

The G e o l o g 10*1

a s ig n if ic a n t  heat source .  uarter Sheets 101 S.W.

area covered by the blished i n tw0 editions ,

__ — -yfQ I* G c
99 N . E .  The new maps

/ i f\ OQ ̂

the 

and 

solid 

Ne

l i d  a n d  d r i f t : -  S h e e t  1 8 .  s o l i d  ( 1:92

v  „  ■ i « . h  ,  T . B . U - 1"  D i X ° n ’New Se r ie s  one m e n  E a s t w o o d ,

and d r i f t  (1 9 3 0 )  surveyed • ^b . , ■ ft

S . E .  H o l l i n g w o r t h  and B. 3 ^  s o l i d  and rl

New s e r ie s  one inch * • * ' * * * u . ,  S .E .  Ho lU ngw o rth .

( 1 9 3 7 )  s u r v e y e d  b y  x a n 4

T .  Ea s tw o o d  and W- C .  ^ p ub l ished  m

Memoirs d e s c r i b i n g  these sheets i r e ^  ^  E a S twood

1937 r e s p e c t iv e ly .  H o U ^ " 0* Ennerdale Granophyr
, +he area  oi .. f e a tures

1 9 3 1 ,  p p .  4 6 - 5 5 )  s u r v e y e  a l e d  s e v e r a l  ne

oQ and r ,+v, side ol

described in  the memoir ^  rock ° n the sou

of the in t r u s io n .  A of b ” S1C Min„  .a s  described

Bnnerdale , below the Crag te U  ^  ^  depression betwee

( P .  4 7 ) .  An east-west tear f « *  &  s e r i e s  o f  thrus

Unw n0 The'
Bowness Knott  and Brown ■ disc u s s e d  ( P*
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The v ar iat io n s  w ithin  the granophyre were said to be 

c h ie f ly  marginal. One marginal v ar ia t io n  had been traced along 

the summit ridge of Iron  Crag suggesting the close proximity 

of a horizontal roof which had been removed by denudation  

( p. 4 8 ) .  Several minor intrusions  associated with the Enner­

dale Granophyre were described  (pp . 53- 5). The in trusio n  was 

shown to be liter  than the regional folding  and cleavage but 

s l ig h t ly  affected  by thrusting , therefore a late Caledonian  age; 

was suggested1 ( p. 5 1 ) .

Hollingworth  ( i n  Trotter et a l ,  1937  pp 41.—7) continued 

the survey of the Ennerdale  Granophyre southwards from sheet28 

to south of the river  B leng . The geology of the granophyre is 

complicated a,t this  point , seven sub-divisions being shown on 

a map of the area ( p. 4 2 ) .  The rock types d if fe r e n t ia te d  in 

this  sub div is ion  were described (p p . 43-5) and a table  of the 

in trusio n  sequence compiled ( p. 4 6 ) .  Interm ediate rocks 

"b e lie v e d  to have arisen  from reactions  between th is  material 

( f in e  grained  d o le r ite )  and the granophyre are abundant ."  

Hollingworth  was uncertain  of the place of orig in  of the in t e r ­

mediate rocks and he wrote, " I t  is  not certa in  that the mixed

types of a c id i f ie d  basic  rock and b a s i f ie d  granophyre enclosed

r
in the fine  grained  acid rocks arose from reations  occulting afte- 

in tr u s io n ; they may be due to operations in  depth before 

in trusio n  of the mixed, s u i t e . "  (p  . 4 4 ) .  A belt  of normal 

granophyre was noted along the margin from the river  Bleng 

south-eastwards for h a lf  a m ile , between the contact and the



f in e r  grained rocks of the in ter io r  and was thought to be a 

late  marginal intrusion  sim ilar  to a ring  dyke.

In  1956 (Mitchell 1956 , p. 446) a pebble of Ennerdale 

Granophyre was discovered in  the conglomerates below the 

Carboniferous Limestone at Hodbarrow, Millom . This gives an 

upper l im it  to the age of the intrusion  showing that it  is  

d e f in it e l y  pre-Hercynian.

B. The Skiddaw Slates .

The Geological Survey, on the 01d Series  Quarter Sheets 

101 S .W . and 101 S .E .  show the Skiddaw Slates  d iv ided  into 

argillaceous  and arenaceous d iv is io n s .  The slates  adjacent 

to the Ennerdale Granophyre are all shown to be a rg illa c e o u s . 

The Latterbarrow  Sandstone on Lank Rigg south of Ennerdale is 

the h ighest horizon  in the Skiddaw Slates  in  this  area and 

orcurs w ithin  about a hundred yards of the granophyre. The 

metamorphosed slates  w ithin  the Skiddaw Slates  are indicated  

on the maps.

Ward (1 8 7 6 a ,  pp. 6-7) described  the metamorphism of the 

Bkiddaw Slates  in  the Buttermere area dnd gave a petrographic 

descriptio n  of hornfelsed  slate from ne^-r Scale Force. The 

ferromagnesian m ineral, concentrated in parallel bands, was 

id e n t if ie d  as c h lo r it e .  Quartz which frequently  formed bands 

paralle l  to those of 6hlorite  sometimes contained l iq u id  

cafeities, Ward gave a chemical analysis  of a sim ilar  horn— 

felsed  slate from the summit of Red P ik e .  He gave (p p . 40-43 

a f a ir l y  detailed  description  of the areal v a r ia t io n  of 

l ith o lo g y  in  the Skiddaw Slates and some in d ica t io n  of their



structure . He concluded that there were probably two sets of 

g r it t y  flaggy  beds in  the Skiddaw Slate Series  and gave the 

following  stratigraphic  succession  ( p. 47) j-

VOLCANIC SERIES 1200  feet

TRANSITION SERIES 6 . Interbedded  volcanic
strata  and Skiddaw S la t e .

5 . Black  Slates  of Skiddaw.

G r itty  beds of Gatesgarth  
( Buttermere) 

Latterbarrow  (liOl S .W . )
4 H Tongue.

Beck (Skiddaw ) Watch HillL 
[ and Great Cockup ( 1L01I N J i )

SKIDDAW SLATE SERIES 
1 0 ,0 0 0 - 1 2 ,0 0 0  fe e t .

3 . Dark Slates

2 . Sandstone Se r ie s  of Gras- 
moor and W hites id e .

1 .  Dark Slates  of A ir k s t i le  
between Loweswater and 
Crummock.

In  1900  (p p . 463-5, F ig . 3) Marr developed h is  theory that the 

Borrowdale Volcanic  Series  and the Skiddaw Slates  were separated 

by a low angled lag fa u lt .

Green (1 9 1 5 ,  p. 217 ; 1 9 1 7 ,  pp. 5-11) said  that there ms 

no evidence of faulting  along the junction  between the Skiddaw 

Slates and the Borrowdale Volcanic  Series , and maintained that 

the junction  was conformable.

Dixon ( i n  Eastwood et a l , 1931 , p. 25) d iv ided  the 

Skiddaw Slates north of Ennerdale into the following  litholo-  

gical groups:-



d. Mosser Slates and Watch H i l l  G r it s ,

c . Loweswater Flags , 

b . K ir k s t i l e  S la te s ,

a. B la k e fe ll  Mudstones, 

lollingw orth , working south of Ennerdale , made the following

3ivi s i o n s :-

3. Latterbarrow  Sandstone.

2 . Mosser S lates .

1 .  B lak efe ll  Mudstones.

The sequence of rock groups was thought to be :~

4 .  Latterbarrow  Sandstone.

3. Mosser K ir k s t i le  S la t e s .

2 . B la k e fe ll  Mudstones.

1 .  Loweswater Fla,gs.

The Loweswater Flags do not occur in  the promimity of the 

gr^nophyre. The B lak efe ll  Mudstones ( p. 25) were described  

as pale grey hard slates with a peculiar  m inutely spotted 

structure . They were recognized to have been metamorphosed 

( p. 38) but were considered to be a distinct stratigraphic  

u n it  underlying the Mosser K ir k s t ile  a late s .  They were said 

to extend from Sharp Knott southwards across  Ennerdale to just  

short of the outcrop of the Latterbarrow  Sandstone. The 

Ennerdale Granophyre was shown intruding  B la k e fe lL  Mudstones 

on Herdus ( p. 14) and said to intrude them on Crag F e l l .  The 

Mosser K ir k s t i le  Slates were described  as occupying a narrow 

band along G i l l  Beck from Floutern to Ennerdale , and also most 

of the folded area south of Ennerdale . The Latterbarrow  &and



stone ( p. 30) was estimated to be several hundred feet  thick 

wnd was said to pass up into the Borrowdale Volcanic Series  

by the incoming of andesitic  tu ff  and fragmental sandstone 

in  the sandy m atrix. The structure of the area was discussed  

(pp . 12- 16 ).  The major structural unit  was thought to be a 

tr iple  anticline  which passed westwards into a simple one with 

the main axis trending west south west along the line  of Croas- 

dale Beck to Bent. The easterly  anticline  passed across Herdus 

and was separated from the central anticline  by a sharp syn­

cline  of Mosser K ir k s t i le  Slates  along G il l  Beck. The metamor­

phic h isto ry  of the Skidds,w Slates in  the Ennerdale  area was 

found to be complex. Three d is t in c t  periods of metamorphism 

were id e n t if ie d  (p p . 34-41):-

1 .  The spotting which is prevalent in the B lak e fe ll  Mud­

stones was attributed to a hidden in trusio n , p ossibly

A'
an extension  of the Skiddaw or Esdale G r a n ite .  An exten-

/

sion orf the Skiddaw Granite  was considered most l ik e l y  as 

the spotting was confined to the axial region of the 

Skiddaw A nticline  in which, to the north east the granite 

i t s e l f  is exposed (p p . 38- 39).

2 . A general metamorphism of the Skiddaw Slates  was noted as 

the contact with the -?ranophyre was approached. The major

e ffe c ts  on the slates  appeared to be h ornfelsing  to 

b io t ite  hornfels  and possibly  some andalusite  hornfels  

and metasomatism by s i l ic a  and a l k a l is .  The altered 

slates  south of Ennerdale were s i l i c i f i e d  up to/one and 

a h a lf  miles from the contact and this  s i l i c i f i c a t i o n ,



which appeared to be independant of the tfranophyre, 

was d i f f i c u l t  to separate from the metamorphic e ffects  

of the granophyre (p p . 40- 41).

3 . The B la k e fe ll  Mudstones were a ffected  by a hardening 

which was independent of both the gfranophyre and the 

intrusions  causing the spotting of the mudstones ( p. 4 0 ) .  

Hollingworth  ( i n  Trotter, et a l , 1937) described  the 

Latterhrarrov Sandstone which, although i t  approaches to w ithin  

about a hundred yards of the granophyre, showed no signe 

of metamorphism. The Sandstone was shown to have been 

carried  north for a mile or more by a low angled thrust (p p . 

19- 20).

Rose (1 9 5 4 ,  pp. 403-6) gave a general descriptio n  of 

the structure of the Skiddaw S lates . The B la k e fe ll  Mudstones 

were considered to be the rock type of a metamorphic aureole 

which transgressed the general structure . I f  this  is  correct 

then Dixon ( i n  Eastwood, et a l ,  1931 , p. 35) was incorrect 

in  his  supposition  that the B lak e fe ll  Mudstones form a d is ­

tinct  stratigraphic  horizon . Rose stated that the outcrop of 

B la k e fe ll  Mudstones "can be traced from Barrow to Causey Pike 

in  the east through Grasmoor and across Crummock/Water to Me II- 

break and Blake P e l l " .  This means that Herdus and the fe lls  

south of Ennerdale were no longer considered to be formed of 

B la k e fe ll  Mudstones. The argillaceous  slates south of Enner­

dale. must, therefore , have been considered to be a l l  Mosser 

K ir k s t i le  S la te s .  The Ennerdale Granophyre i s ,  thus, only 

in  contact with the Mosser i».irkstile Group of the Skiddaw



S la t e s .  Rose 's  sequence for the Keswick-Buttermere area 

was: -

Mosser K ir k s t i le  Slates 2 ,5 0 0  feet

Loweswater Flags (base not seen) 4 ,0 0 0  feet

M itchell  (1 9 5 6 ,  pp. 414-5) supported the idea  thq.t the 

junction  of the Skiddaw Slates  and the Borrowdale Volcanic  

Series  was comformable but had been faulted  in  places by the 

competent Volcanic  Series  moving over the incompetent S lates .

C. The Borrowdale Volcanic  S eries .

Ward (1 8 7 6 ,  a .)  introduced the modern name of the Volcanic  

Series  of Borrowdale. In  this  memoir he described  in  detail, 

the section of volcanic  rocks exposed on Falcon Crag in Borrow­

dale (pp . 13-9) and gave a description  of the v a r ia t io n  in  the 

lavas and ashes of the whole Lake D i s t r i c t .  Ward attributed  

much of the v a r ia t io n  to selective  metamorphism of in d iv id ua l  

ash beds, and appears to have mistaken many lavas for h ighly  

altered ashes . He gives a general succession ( p. 4 5 ) .

9 .  Bedded, mostly f in e ,  f l in t y  ash, of Great End,

Esk Pike and Allen  Crags.

8 .  Unbedded, coarse ash, and b reccia , of Broad. Crag 

and Long Pike .

7 .  Bedded, and rough ash of Scafell  P ik es , Glaramara 

and Ullscarf.

6 .  P a r t ia l ly  bedded, fine f l in t y  ash of Base Brown 

and Rosthwaite Crag.

5 . Well bedded ash of Seathwaite .

4 .  Contemporaneous traps of Watendlath F e ll ,  High 

Seat and Bleaberry  F e l l .



3 . Breccia  and bedded ash of Brund ^ell  and 

Watendlath.

2 .  Contemporaneous traps of Iionister, Dale Head,

Gate Crag and Falcon Crag.

1. Purple breccia, ash and some contempory trap.

0 .  Interbedded volcanic  strata  and Skiddaw S late s .

The Volcanic  Series  was considered to be about 1 2 ,0 0 0  feet 

th ick . Ward believed  that it  was o r ig in a ly  interbedded at its  

base with the Skiddaw S lates , but was now separated from the 

Slates  at nearly  all points by fa u lts .  The volcanoes from which 

the Borrowda.le Volcanic  Series  was erupted were considered to 

have started under the sea and quickly  b u ilt  up to be sub-aerial 

Ward gave a summary of h is  work in the Lake D is t r ic t  (L879 )  

which showed that he had a sound knowledge of the structure of 

the region and recognized the Scafe ll  Syncline and the Langdale 

Anticline  (S e c t .  1 1 1 ) .  His  successions were incorrect in  places 

for his  b e l ie f  that many of the lavas were actually  h ig h ly  

metamorphosed ashes, led  to an overestimation of the importance 

of the ashes. This overestimation is  seen when section  111 is 

compared with H a r t le y 's  (1 9 3 2 ,  pp. 15) map of Great Langdale .

The following rough correlations  can be made:-

Ward. 1 8 79 .

A . Yewdale Breccia .

B .  Bedded Volcanic  Ash.

C . Volcanic  Ash and Breccia .

D . H ig hly  altered Bedded Ash

H artley , 1 9 32 .

Fel.sitic and Basic  Tuffs

W rengil1 A nd esites .



Ward, 1879 (C ontf d . ) H artley . 1932  (C o n t 'd)

H . Series  of lava  flows Mosedale A n d e site s .

Harker and Marr (1 8 9 1 ,  pp. 246-326) d efin ed  and mapped 

the horizons of the Shap Rhyolites  and Andesites  in the v i c i n i t y  

crtf the Shap G ra n ite .  Harker (1 8 9 1a ,  pp. 145-7) d iv ided  the 

lavas of the Lake D is t r ic t  from a chemical and petrographic 

point of view  into :-  

1 . B as ic :

Hypersthene Basalts  of the north outcrop.

2 . Interm ediate :

Pyroxene Andesites  which make up the bulk of the lava s .

3 . Acid :

R hyolites , commonest at the top of the sequence.

Marr (1 9 0 0 ,  pp. 449-930) gave the succession  worked out by 

h im self  and Harker as:-

1 .  Shap R h y o l it e s .

2 . Sha p 'A n d e s ite s .

3. Scafe ll  Banded Ashes and Breccias  - Kentmere - Coniston 
Slate B e lt .

4 .  U11 swater Basic Lava  Group- - Eycott Group. • '

5 . Falcon Crag and Bleaberry  Fell Group.

He included  a group of garnet bearing streaky rocks below



the Scafe ll  Banded Ashes and Breccias  as possibly  intrusive  

(p p .  4 76- 8 ) .  A quarter inch  sketch map ( P I .  X l l l . )  showed 

the d is tr ib u t io n  of the various groups. The Ennerdale Grano­

phyre was shown to be in contact along its  whole margin with 

the Ullswater Basic  Lava  Group. Later  Marr (1 9 0 6 ,  pp. Ixvi-  

c x x v i i ) ,  in fluenced  by W alk er 's  work ( 1 9 0 4 ) ,  accepted that the

garnet bearing streaky rocks below the Scafell  Banded Ashes and

t
B reccias  were not intrusive  and named them "The ^{yhead G ro up " .

Walker (1 9 0 4 ,  pp. 89-98) described  the garnet bearing  

streaky rocks of Marr and showed they were a normal strati-  

graphic unit  of the Borrowdale Volcanic  S e r ie s .  He described  

much of their  outcrop, the nearest exposure to the Ennerdale 

Granophyre being on lewbarrow.

Green , ( 1 9 1 3 ;  1 9 15 ;  1917 ) worked out the following  succes­

sion and suggested that i t  was applicable  over the whole Lake 

D i s t r i c t :-

i .  R h y o lites . 

i i .  Upper A nd esites .

i i i .  Har/bth T u f fs .

iv .  W rengill A nd esites .

v .  Middle T u ffs .

v i . Lower And esites .

v i i .  Mottled T u ffs .

He argued in  favour of a much thinner succession  than

Ward, 1500  feet  at a maximum (1 9 1 5 ,  p. 2 0 5 ) ,  frequently  repeated

by sharp fo ld in g . M itchell  (1 9 2 9 ,  p. 9 ;  1934 , p. 418) proved

G r e e n 's  theory of the structure and correlation  w ithin  the



288.

eastern  part of the Lake D is t r ic t  to be wrong (Green , L 9 1 5 ) . 

G r e e n 's  paoer of 1915 was, however, important for in  i t  he 

explained  for the f i r s t  time the true character of flow brec­

cias  ( p. 2 0 1 ) .  In  a la te r  paper (1 9 1 7 ,  p. 8) green described  

the outcrop of the Borrowdale Volcanic  Series  from Borrowdale 

westwards to the River C alder . On Plate 1 the Lower A ndesites  

were shown overlying the Skiddaw Slates  from Grange to Red Pike 

where their  outcrop swung p arallel  to the contact of the Enner­

dale Granophyre until  they were cut o ff  by the Haycock strike 

fa u lt .  The granophyre was thus shown as being intruded along 

the base of the Lower And esites . The outcrop  of the Middle 

T u f fs ,  which formed Haycock and Steeple ran paralle l  but south 

of the Lower Andesite outcrop. The Wrengill Andesites  outcrop­

ped south of the Middle T u f fs .  In  1919 (p p . 1 53—82) Green fu l ly  

discussed h is  views on the Borrowdale Volcanic  S e r ie s .  A map 

(P i g .  25) of the country around Wasdale Head showed the Enner­

dale Granophyre intruded into the Lower A ndesites  which were 

overlain  by a thick t u f f  band taken to fee a much attenuated 

representative  of the Middle T u ffs .

Following G r e e n 's  work, which was la rg e ly  a re in te r ­

pretation  of the o f f ic ia l  G eo ig ica l  Survey maps, the systematic 

re survey of the Borrowdale Volcanic  Series  began . Hartley (1,925) 

proposed the following  succession for the Grasmere and Winder- 

mere area,:-



Rhyolites  

Upper Andesites  

F e ls it ic  Tuffs  

Augite Andesites

200 feet 

0-500 feet 

600 feet 

300-600 feet

Bedded Tuffs  with Lava flows 600 fe e t .

In  the Langdale area (1 932 )  he found the Upper Andesites  had 

died out and he recognized a thick series  of intrusive  ifarolites 

in  the Bedded T u f fs .  A thick series  of andesites  called  the 

Mosedale Andesites appeared below the Bedded T u f fs .  A sim ilar  

succession was found in  the Thirlmere area ( 1 9 4 1 ) .

M itchell  working eastwards from Grasmere to Long Sleddale  

(1 929 )  recognized a sim ilar succession with several beds below 

the Bedded T u ffs : -

M itchell  1929 approx. thickness 
in  fe e t .

Upper Rhyolites  0 - 200

Upper Andesites  0 - 800  

Coarse Tuffs  500

W rengill Andesites  0 - 300

Kentmere Pike Rhyolites  0 - 150

Bedded Tuffs  200 - 800

H artley  1 9 2 5 .

Rhyolites  

Upper Andesites  

P e ls it ic  Tuffs  

Augite Andesites

Bedded tu ffs  and 
Lava  Plows.

Harter  Pell Andesites  up to 500

Proswick Tuffs  200

Nan B ie ld  Andesites .

When Mitchell  (1 934 )  continued mapping from Long Sleddale

to Shap he found the succession  sim ilar  to that in his  previous 

area, except the Haweswater Rhyolite  occurred, below the Nan



B ie ld  A nd esite . He then mapped westward from Grasmere and 

Windermere to Coniston (1940 )  where he found a sim ilar  successioi 

to that in  Grasmere. The Upper Rhyolites  and Andesites  had been 

cut out by the overlying uncomformity under the Coniston Lim e­

stone S e r ie s .  The pyroclastic  rocks had increased  enormously 

in  thickness and were subdivided on l it h o lo g ic a l  grounds. M it ­

chell (1 956 )  surveyed the Dunnerdale Fells where he found that 

the pyroclastic  rocks had again increased in  thickness and all  

beds above the Wrengill Andesite had been cut out by the over- 

ly ing  unconformity. The succession in the Co-niston and Dun­

ne rdale areas was:-

Approximate thickness in  feet .

1 .  Yewdale B reccia  and Tuffs 1750

2. Wrengill Andesites

3 . Upper T ilberthw aite  Tuffs

4 .  Paddy End Rhyolites

5 . Lower Tilberthwa.ite Tuffs

6 . White Pike or Dow Grag Andesites

7 .  Waina Scar Quarry and Lag Bank Tuffs

8 .  P ikes  Rhyolite

9 . Caw Tuffs

0 - 450

1500

0 - 750

900

200

800

1 0 .  L ic k le  Rhyolites

1 1 .  Dunnerdale Tuffs 1550

1600

1 2 .  Ulpha Andesites

1 3 .  Duddon Bridge Tuffs

14 Barrow A ndesites . 1100

550

550



In  the same year M itchell  published an excellent  summary 

of the research on the Borrowdale Volcanic  Series  in  'The  Geolo*- 

gical  H isto ry  of the Lake D is t r ic t '  (1 956  a, pp. 407- 63 ). In  

this  paper he gave a suggested correlation  between all  work then 

published (F ig .  3 ) .  This correlation  was in the main correct, 

but later  work by Firman (1 9 5 7 )  proved that it  was wrong in  some 

d e t a i l s .

Hollingworth  ( I n  Trotter et a l , 1 937 , pp. 21-40) des cribed 

the Borrowdale Volcanic  Series  of the Gosforth  area g iv in g  a map 

(F i g .  5) of their  d is t r ib u t io n  west of the Ennerdale Granophyre 

The succession was:-

1 . Andesitic  and Rhyolitic  Lavas (undiv ided )

2 . Rhyolites  with subordinate andesites  and thin  bands of 

t u f f .

3 . Andesites  with subordinate t u f f  bands.

4 .  Mottled T u ffs .

The thicknesses were uncertain , but each group appeared to 

be several hundred feet  th ic k . The major structure was a double 

syncline (F ig .  4) s trik ing  towards the Scafe ll  syncline  in  the 

east . Correlation  was d i f f i c u l t  because of the presence of the 

Ennerdale and Eskdale intrusions  and the absence of any recent 

detailed  maps of the area immediately to the east of these masses 

The rhy o lite s  were ten tat iv ely  correlated with H a r t le y 's  (1 9 3 2 )  

Langdale Rhyolites  and the Styhead Group of Marr ( 1 9 0 6 ) .  Hollirfc- 

worth b r ie f l y  discussed the metamorphism of the Volcanic  Series  

adjacent to the Ennerdale Granophyre, the principle  changes noted 

being the formation of pale green trem olitic  hornblende, brown



b io t it e  and rare pyroxene. The macroscopic e ffects  of the 

metamorphism were not pronounced and in consequence the outer 

l im it  of the metamorphism was not accurately  determined. The 

width of the metamorphic aureole was given  as several hundred 

yards in  Worm G i l l  and Bleng V a lle y , over h a l f  a mile in Bolton 

Wood and about h a l f  a mile in  the bottom of Wasdale.

O liver  (1 9 5 4 ,  pp. 473-83) id e n t if ie d  M a r r 's  Styhead 

Group as p a r t ia l ly  co nsisting  of welded t u ffs  and renamed it  

the A ir e y 's  Bridge Group. A sketch map (F i g .  1) showed the 

d is t r ib u t io n  of this  group in  the Scafell  area . I n  later  

papers (1 9 5 4 a ,  pp. 407-11, 1961 , pp. 377-417) O liv er  gave 

the following  succession for the ScafelH  area:-

1 .  Esk Pike Hornstones.

2 . Lincombe Tarn Formations.

3 .  Seathwaite Fell T u f fs .

4 .  A ir e y 's  Bridge Group.

5 . Blrker Fell A ndesites .

6 .  Tuffs  of IJonister Slate B e lt .

The area mapped by O liver  (1 9 6 1 )  connected G r e e n 's  

(1 9 1 7 )  and H a r t le y ’ s (1 9 3 2 ,  1942) areas following  the following  

carrelations  to be made:-



Green (1917) O liv er  (1 9 5 4  &  61) H artley  (1 9 3 2  &  42) 

Buttermere_____________________ S c a fe ll__________________Langdale  &  Thirlm ere .

Ilarrath Tuffs

Esk Pike Hornstones 

Lincombe Tarn Formations 

Seathwaite Pell Tuffs

----  Died  -- Out --

A ir e y 's  Bridge Group

F e ls it ic  &  Basic  Tuffs

Wrengill  Andesite

Bedded Tuffs  and 
Rhyolite

'W r e n g ill  Andesites  Grey Knotts Andesites  Mosedale Andesites  

Middle Tuffs  Honister  Slate Belt  T u ffs

Lower Andesites

This correlation  c learly  shows that G r e e n 's  Wrengill 

Andesite  was misnamed because of a mistaken co rrelatio n  with 

the Wrengill Andesite of the eastern  part of the Lake D i s t r i c t .  

O liv er  (1 9 6 1 ,  pp. 379) gives the following  co rrelatio n  between 

Scafell  and Eskdale

O liv e r  (1961)  Firman (1957  

Sc afell_________________________ __________ Eskdale;

1 .  A ir e y 's  Bridge Group) 

3260  - 3410 feet

2 . B irker  Fell Andesite 

Group 3500i-feet

1 .  Wallowbarrow Crag Group.

2 . ULpha Andesites

3. Duddon Hall  Tuffs

4 .  Waberthwaite Tuffs

5 . Worm Crag Group

6 .  Lower Andesites  with inter- 
bedded tu ffs  and rhyolite  
f lo w s .



T h is ^o rr e la t io n  is rather  strange co nsidering  . irmaft® (1957 )  

prev iously  p ublished  work (see b e l o w ) .

Firman (1957 )  mapped the area between W astwater  and the 

Duddon V a lle y  . Th is  work was very important fo r  it connected 

by d ire c t  mapping the work of M i t c h e l l (1 9 5 6 )  and H artley  (1 9 5 2 )  

and O liv er  (1 9 5 4 ;1 9 6 1  ) .Sound correlation  between the areas 

mapped by these workers was , therefore  , p o s s i b l e .  The 

correlatio n  overleaf  is a corrected form of M i t c h e l l ’ s 

co rrela t io n  of 1956 incorporating  FirmaAs w o rk .

Recent work by Moseley (196 0) in the U lls w a te r  area has 

proved that the junction  between the Skiddaw Slates  and the 

Borrowdale V olcan ic  Series  is fa u lt e d  in that a r e a .
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Glcramara
Oliver

Grasmere
Langdale
Helvellyn
Hartley

Ulpha
Rrman

Con'iston
Dunnerdale
MTtchell

Esk Pike Hornstones
Uncomb Tar ft 
Formation

Seathwaite 
Fell Tuffs

\

A ireys

Bridge

Group

Grey

Knotts

Andesites

Andesite

Rhyolite

C Z Z jT u ff

after G .K M itche ll. 195b. 
* R .J. Firman. 1957

ZEE Steel Fel! Rhyolite 
Upper Andesites

Felsitic & B a s ic  
Tuffs _

Helvejjya-ArwJestte—  

Bedded Tuffs

Langdalet Thirlmere 
Phyohtê  _ _

Bedded Tuff5

Vosedale Andesite
\

Duddon 
Ha II 
Tuffs

Ulpha
Andesite

Yewdale Breccia 
& Tuffs

Wrengill
Andesite
Upper
Tilberthwaite
Tuffs
Paddy End
Phyolites
Low er
T ilbe rthw a ite
Tuffs

■I?

Dunnerdale
Tuffs

Ulpha
Andesites

Duddon feridqe 
Tuffs

Barrow
Aryjesite

Waberthwoite
Tjffs

Worm Crag Group

Low er
Andesftes

Skiddaw Sla tes
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