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INTRODUCTION.

This thesis 1s an account of the structure of the Silurien
rooks lying to the west of the Malvern amd Abberley Hills, but it
has been impossible to confine interests to the Silurian rocks alone,
since many of the answers to the structures lie within the neighbouring
formetions. Therefore, this thesis also concerns itself, in a lesser
degree, with other associated problems.

The area described lies between Great Witley in the north and
Bereford Beacon in the south, a distance of 163 miles, and ocoupies
the Ordnance Survey 8 inch maps:

War cestershire Sheet XX, S.E, Worcestershire Sheet XXXII S.W.

" " *  XXVII NE, "~ * . IXXIX N.E,
" " * XIVII S.B. * * * XXIX S.E.
" " * XXXITI NE, * . *  XIVI N.B,
" " * XXXITI S.E. * " " vl s.E,

The thegis is in three parts. Part I is the text, Part II
includes sketch maps, sections, diagrams and photographs illustrating
Part T and the last part contains geologicel maps on the scale 6
incheg to 1 mile., Fart I ig written in two gections, the first
deals with the stratigraphy of the aresa and the secomd, the main
part of the thesis, is concerned with the structure and the
structural history of this distriet.

Abbreviations and sywibols used on the meps and sec!ions are
those fourd in the "Standsrd Iegend, Ceclogicel Tepsriment" of The
Shell Fetrolew: Compernyy Limited.
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HISTORY OF PREVIOUS RESEARCH,

Marchison's great works, ™The Silurian System" published in
1839 and "Siluris® published in 1854 represent the first work
desling with the structurel inmterpretation of this srea., In them
Murchison deseribes briefly the main cutcrops of limestone with
their fossil content, draws various sections ani plans of the
folded Silurian rocks end describes numerous exposures amd workings
which have since become overgrown.

The first investigation by'.the Geological Survey was carried out
by John Fhillips and published in 1848 as a Geological Survey memoir,
Phillips produced many measured sections of the limestones and again
recorded many outerops which have since become inaccessidle or overe
grown, He recognised the main geological structure amd his
interpretetions have not been seriously contradicted to this iay.

As a result of Phillips' work a series of 1 inch meps were published
in 1855 placing the nmain ocutcrops with fair accuracy, but showing a
greatly simplified picture of the tectonics of the Silurian formetion.

In 1860 the Great Western Railway constructed a tunnel through
the Malvern and Ledbury Hills., This excavation was surveyed by
Symonls and Lembert and they published their cobservations in the
following year.

Between 1861 end the end of the last century seversl other
workers made reference to the district in published work. The
chief of these was H.B. Hull who dated the age of the metamorphism

of the Malvernian and associated these rocis with part of & much
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larger mass, peaks of which are seen at Malvern, Cowleigh Park amd
Martley., Other minor publications of this period were produced by
Symonls, Callaway, Arberdnd King.

Fifty years after Fhillips® mapping, Professor T.T. Groom
mapped the entire Malvern-pbberley range of hills and published an
account of their geology in the Quarterly Journal of the Geological
Society for the years 1899, 1900, 1901 and 1902, His opinions are
illustrated by several sections in which a complex series of faults
and thrusts are invoked to explain the structure, this complexity is
perticularly noticeable north of Martley, Groom was the first to
recognise "Malvernoid" folding of Coal Measure age by noting the
analogous relationship of the two patches of Coal Measures of Woolbury
Hill and Kingswood Common., Groom also established the "Mplvern Fault"
theory which has not been disputed until recently. In a subsequent
publication of 1910, Groom produced an extensive faunal list of the
Silurian rocks of the Malvern-Abberley range, including one of fauna
apperently confined to their major lithological divisions,

Arber (1913) and Cantrill (1917) in their work on the ™fyre
Foreet and Msmble Coal”ield" made passing references to the Woolbury
011 district.

W.W, King read a paper to the Worcesterhsire Field Club in 1923
‘'on the Perio-Cerboniferous unconformities of Worcestershire, 1Im this
he described the Coal Measures of Kingswood and Woodbury Hill and
concluled that their lithological similarity showed them to be of the
same age. By assuming the Haffield Breccia to be Permian, he showed
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that the greater part of the Upper Coal Measures was unrepresented
in this area.

In 1925 another tunnel was made through the Malvern Hills wvery
close to the 0ld one. The Geological Survey again surveyed the
excavations anl their observations were published in a Summery of
Progress of the Geological Survey for that year. Mention is made in
another Summary for the yeor 1936 of work carried out in the district
north of Berrow Hill by Hollingworth. The New Series geological map
(Droitwich Sheet) for which Hollingworth's work was carried out,
hag not yet been published, A map showing "heed" or hill-wash
deposits to the north of Fenny Hill, Martley, together with a brief
description of them by Hollingworth is found in the Geological
Magagine for 1940,

Since the last war interest has been renewed in the Malvern
and Abberley Hills with the result that papers have occurred quite
regularly in geological literature.

N.L. Paleon pudblished a short paper (1947) in which he re-
interprets Groom's data in the 1ight of modern throught. By tecing
into account the possibility of superficial contortions of dip due
to s0il creep in the exposures of Coal Measures of Kingswood, he
concluded that these beds were not involved in the Malvernoid folding,
He also re-introduced Marchison's and Holl's idea of an unconformsble
Triassic system as opposed to Groom's faulted theory.

The following year A.H. Cook and H.I.S. Thirlawsy contributed a
paper on gravity observations mede in the Welsh Borderlands. This work



6.

threw light on the problems of the Melvern boundary fault and

showed the Palaeozoic surfaces to dip at 45° to the east unier the

Mesozoic cover.

Also in 1948 the Geological Survey published a handbook of
British Regional Geology entitled "The Welsh Borderland" (second
edition) by R.W. Pocock and T.H, Whitehead, This excelle nt work
outlines the geology on a broad scale and includes a good bibliography.

In 1951, W. Mykura published a paper with a map anl section of
the Walsgrove Hill district in which he discusses evidence by wich to
date the Malvernoid folding to greater accuracy, and also reveals in
his section new ideas in the interpretation of Woolbury Anticline,

Last year three papers were published which have contributed
to the knowledge of this renge of hills, The first was by F.G.H. .Blyth
who discusses the geology of the Hereford Beacon distriet and suggests
probedble directions andl ¢-ntrolling forces that have created the
Malverns. The second was a paper by A,H. Cook and others on the
grevity observations of the area immedjiately to the north of Abberley
and substantiates the existence of the Malvern boundary fault into that
district. The last publication is by F. Raw who proposes an original
theory on the structure ani origin of the Malvern Hills involving
overthrust nappes and two periods of movement along the boundary fault.

This summary of the history of previous research within the
Malvern=Abberley chain is by no means complete. Numerous other workers
have made smell contributions, but the work of the principal investigate

ors has been outlined gbove.
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STRATIGRAPHY,
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PRE-CAMBRIAN,
Malvernian.

These rocks have been described by Rutley' and in general
consist of a series of schisfs and gneisses in which hornblends
chlorite, white mica, felspar and quartz are the domingnt minerals.
Asgociated with these are red granitic rocks, dolerites and a few
olivine dolerites, The dominant pink eolour of the rock is due to the
high content of pink felspar but on weathering the surfeces of the
rocke become dark brown to black. The rock is - tough anl breaks with
an uneven fracturé and also has mumerous joint élanes with no common
plane of orientation,

Age, About one hunired years ago an important school of thought
believed that the crustalline rocks forming the core of the Mslvern
Hills were intrusive syenites, presumably of post Silurian age.

Holl2 snggéstea. that they were actually pre~Cenmbrian metemorphics,

but this view was contested by so eminent a geologist as Murchisonso
Fresent day knowledge of British stratigraphy shows that the conlitions
necessary for the formation of such rocks has not existed in this erea
since Pre-Cambrian times. Mareover, Groom” points out that meny of

the pebbles in the Cambrian oconglomerate have been derived from "a
complex resembling the Malvernian, and others from a volcanic series
like the Uriconien®,

1. Rutley, F. Q.J.G.S, 1887. Vol.XLI1T p,48],

2. Holl, E.B, Q.J.C.8, 1865 Vol. YXI p,72=102,

3¢ Murchison, R.I. 1867, "Siluria® .14,

4. Groom, T,T, “The Malvern & Abberley Hills", Geology in
the Field, 1910. . 701,
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Occurrences. There are three localities where Malvernian
type rocks occur:

1) The main lalvern chain from North Hill to Hereford Beacon
where they form a narrow strip of high ground 4, miles long erd
between § and & miles wide,

2) Two snell vetches S.S.E. of "Rough Hi11", Cowleigh Park
(52/763477 erd 32/762480)1' The rock expbsed here ig of the usuel
type with what appears to be more hornblende then thet f‘ounﬁ at
North Hill. The most interesting feature of the rock is its mode
of weathering. On the cuter swface the rock westhers to a dark
brown to red colour ani the weathered meteriml is very frisble.
About any inch below the surface the colour is similar, but there
is a gloezs on the brown surfsce cheracteristic of heematite.

3) 500 yards due north of Berrow Farm, Martley (32/745595)
there is & smell quarry showing e red granite type of rock sgimilar

to the Malvernisn exposed further south. This small quarry has
2

d
?

been described by many workers including Lﬁzrchisonl, Phillips

Goles?> s Groom4.

Warren House Series.

This series of rocks was recognised, but its boundaries were
not mapped. They are found on the esstern side of Herefordshirve
‘Beacon and in the neighbouring part of Cestlemorton Common.

1- mchison, Sir' R. Silurian wstem 18‘590 P.4‘2°’4’210

2., Phillips, J. Memoir Geol.Surv. Vol, II pert II 1848, p.38.
3. Coles, Geol.Mag. 1898. p,304.

4, Groom, T.T. Geol.Mag. 1898, p.562,

* Grid references to the nearest 0,1 kilometre,
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The rock is principally & fine grained voleanic rock and
resembles the Uriconian group of Shropshire. Febbles, which are
very similsr in nature to the Pre-Capbrian, sre found at the base of
the Cambrien in the Malwernien Quartsite.
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CAMBRIAN,

The Cambrian system is represented by three types of
rock in the Malvern Hills:

5) The White-leaved Osk Sheles ("Black Shales").

2) The Hollybush Semistone.

1) The Melvern Quaertsgite,

The only menber of this series that outeropped within the
erea mapped was the basal member (1), the other Cembrien rocks
are found further to the south.

Thé Malvern Quartzite is commonly a grey quartzite of rather
fine grain with bands of conglomerate which contein pebbles of the
. older pre-Cambrian rocks. It is exposed only in shattered strips and
thus estimates of its thickness are impossidle, but from evidence
in the Esgtnor area T.T. Groom thought it might have been several
hundred feet thick, although only 50 or 60 feet of the series can

now be seer}.
The quartgite was exposed in two places:

1) Nartley Gravel Bit (32/74559%)

This pit shows red syenitée- overlying a thickness of 3
feet of quartzite, characterised by well cemented and well rounded
medium sized grains.

Groom and Coles agree that the quartzite is very unlike
any of those found interbedded with the schists and gneisses of the
1. Groom, T,T. 1910 "Geology in the Field® p.701.

2.Groom, T,T. "Notes on the Martley Quartsite® Geol.Mag. 1898,
%, Coles, C. St.A. Geol.Mag. 1898, p.304,
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Malvernian. According to them the quartzite is similar in all
respects to the Lower Cambrian Quartzites of the Malvern and Lickey
Hills with which it may safely be correlated.

2) Cowleieh Pavk. Nortb Valvern (52/764476)

A strip of shattered quartszitic rock is ex—osged on the eastern
gide of the pre-Cembrian patches. Phillipa regarded this strip of
rock as eltered "Caradoc" though he correctly termed it a "quartgzite
or quertz-rock". Groom’ correlated this with similer rocks exposed

further south which he hed esteblished were Cembrian in age.
Mention must be made of a well and boring sunk mery yeers

before Groom's mepping "..s neer the foot of the slope" (referring
to North Hill)z. The observetion msde by Rev. G.E, Mackie were
recorded in Groom's paper and includes a description of 6 feet of
hard quartz breccia and 18 feet of black shales, both correlated

with the Cembrian.

].. GI‘Oom, TOT. 19000 Q.JOG’S. vol. LVIO p!160l
2 G-room, TaTo ibid. p01570
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THR LLANDOVERY SERIES.
This series contains three distinet lithological groups:

A. Woolhope Shales,
B. Wyche Béds.
C. Cowleigh Park Beds
B end C are of'ten grouped and called the May Hill Sandstone.
In general, mepping of these groups was impossible except

over small areas.

C. co’leig Park Bedas,

These beds are coarse sandstones anmd grits, generally browm to

purple, but sometimes green and grey in colour with subordinate
conglomerates and shales. In the neighbourhood of Cowleigh Park
there ip a well defined thick bend (estimsted at 20-50 feet) of pink
grit which runs northesouth through Rough Hill anl Cowleigh Park
forming a well marked topogravhical feature. This pink grit forms a
useful merker horizon. A hand specimen of this grit shows that it
1s hard and tough and breaks with a fairly even fracture. It appears
pinkish in colour and examination under a lens shows this ocolour

to be due to large mumbers of minute felspar fragments disseminated
through the rock., There are also small fregments of reddish rock
probably pieces of Malvernian, Very little westhering was observed,
Thin sections show the quartz grains to be angular and often
strained ani shattered. Many of the quarts greins are coated with
limonite,

There are no exposures of the beds below this grit, dbut roek
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fragments of red shale and shaley ssndstones and grits sugpest a
shale-sandstore sequence.

The pink grit is overlain by a thin series of purple and
greenish sanistones and conglome rates. These conglomerstes are
fossiliferous and ere known as "Miss Phillips's Conglomerste" and
form a useful horizon in the series since they are tracesble from
Rough Hill to West Malvern, Groom” hes analysed the pebbles from
the conglomerate and ghows that th; agsenmblage found would most
likely have been derived from the pre-Cembrian, |

Thickness. The Cowleigh Park Beds are most probably incomplete
et Rough Hill, but measurements from the mep show it to be at Pest

500 feet thick. Fhillips® thought it to be about 600 Peet thick,
but Groom gives 900 feet ap more probeble in this srea. Groom
edds  that the Cowleigh Fark Beds possibly only attain a thickness
of 420 feet in the Eastnor Adistrict eand sttributes this decresse to
at Fast some thinning of these beds southwards.. It is estimated
that the pink grit 1ies between 200-300 feet beneath the top o this
series, which is in agreement with Groom's estimste.

Occurrences. Besides those slready stated, the beds ocour at:

1. Ankerdine Hill (32/736564)

Fragmentes of Cowleigh Park Beds can be found al) over

the hill, but only a few exposures can be found which may
be considered to be in situ and they occur on Ankerdine Hill
itself and in a number of cuttings on the eastern gide of the

1. Groom, T.T. 1910, "Geology in the Field™ p,706.
20 H!illips, J.'Op.cit. p.5‘7.
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Martley Roald between the Senatorium junction and St. Mary's Church.
ii. The Dingle, West Malvern. (52/785456)

Fragments of a purple speckled green conglomerate were
found in the neighbourhood of the Archasean,

"Rurple Caradoc” has been reported st Wind's Point, Herefordshire
Bowon1 and 'yehcrestz.

B, Wyche Beds.

These beds are much more uniform in eharacter than the under-

lying Cowleigh Park Beds. In the wsathered condition in which they
are generally seen they consist of yellowish to pale brown-grey
fine gsamlstones to siltstones which are frequently flaggy. The band
specimens show a hard cloeeely Jointed sandstone, surfaced with miea
flakes, Individual grains of the rock camot be distinguished, but
acid shows it to contain a small amount of lime, The close jointing
tends to split the rock up into small rhombohedrons rarely exceeding
two inches across, thus making exposures hard to investigate, Some
hanifpecimens show fine current bedding.

In thin section the rock can be described as a fine grained
(sils size) sdltstone containing quartz with a 1ittle felspar and
muscovite mica, Inoluded within this matrix can be founl small
fragments of a dark rock.

Towerds the top of this division the rock becomes herd, more
calcarecus apd micaceous., It is still finely jointed and shows a
sedimentary rhythm of closely set (% mm. apart) 1ightish banls against

1. Groom, T.T. Q.J.G.S. Vol.IVI. p.145-146.
2. ivid.
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the dull grey background of the fine siltstone. These jointed
caléareous siltstones are interbedded with yellow to orange-brown
shalés end sendy shales which on weathering create a sticky orange
cley soil which characterises this part of the wyche beds.

The lithology suggests that more settled conditions of
sedimentation existed by this time compared with the turbulent
waters that deposited the coerse Cowleigh Park Beds.

Thickness, Phillips' and Groom® estimete the beds to heve a
thickness of about 500 feet, The present author estimates the
total thickness of Wyche Beds and Woolhope Shale to be between 600
and 900 feet, but as the junoction between the uppermost members of
this Llendovery series is indistinet the thickne‘ss attributed to
the Wyche Beds is uncertain. Symonds end Lembert® give a thickness
of nearly 300 feet for the Shales, but elsewhere this figure appeers
too lerge and in the opinion of the present writer 50-1C0 feet and
even less is more likely to be the true thickness.

Occurrences. This series is nowhere rdally well exposed, but
a few of the outcrops investigated will be listed.

i. Hay Wood, Collins Green (32/737573)

Only fragments of Wyche Beds could be found, particularly
in the northern part of the Wood where relatively thin bamids of
fossiliferous sandstone were found and rhythmic bended calcereocus
siltstone, the latter typlcal of the Upper Wyche Beds.

1. Phillips, J. op.cit. p.6l.

2. Groom, T.T. 1910. "Geology in the Field" p.706,
3. Symonds and Lembert, 1861. Q.J.G.S. Vol. XVIII ».152.
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ii, Storridge Anticline,
Scattered fragments are founl in Ravenshill Wood and

along the lanes of Alfrick, but the best exposures are to be fourd
in the neighbourhood of Leigh Brook (32/749518). 014 Storridge
Common (32/748612) and Coneygere Coppice (32/744511), These show
thin bedded, yellow to grey micaceous sandstones, all with very
closely set joint planes,

Further to the south small sestions of Wyche beds may be
observed in stream sections of Birchwood Common (32/747500) and
Doddenham Grove by the Worcester-Hereford Roeld., 10 foot sections
in the latter show typical Wyche beds.

Still further south in the Malvern district exposures are
even rarer and their presence is only shown by surface fragments
and a belt of yellowish-grey clayey ground parallel to the pre-
Cambrian rocks.

A. Woolhope Shales.

These correspord in position with the Tarammon Sheles of other

districts and have also been referred to as the Lower Wenlock

Shales. They ere of no great thickness and are rarely exposed but
their presence may be inferred from small depressed features separating
the Ilandovery Sandstones from the Woolhope Limestones. They are

green caleareous shales interstretified with a purple or lavender
coloured variety, both with thin bands of nodular and flaggy impure

limestones, They are best considered as passage beds between the
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overlying Woolhope Limestone and the older Wyche beds,
Qocurrences.
The Woolhope Shales ocour wherever the Woolhope Limestone
and Wyche Beds are seen. The dest exposures are:e-
i. Knightwick Station (353/736551)
The railway cutting west of the station shows nearly

vertical lavender coloured shales interbedded with thin banis of
limestons. The shale is particularly sbundant with the brachiopod
Fardinia.

ii. Alfrick (32/745524

In the banks of the lanes between Alfrick ani Alfrick
Pound there are excellent exposures of the sheles, which are

generally olive green with thin limestones danids.

iii. Hill Farm, Storridge (33/756483).

Woolhope Shales are well exposed immediately to the
west of Hill Farm. They are of similer type to those described in
(i1).

Correletion,
The Llandovery series exposed in thig district represents

the Upper Llandovery of the type section in central mid Wales,

Peleontology.
All of the faune collected, except for a Lingules belonged to

the Wyche Beds and Woolhope Shales, The crinoid Petalocrimus which
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is found in the Mgy Hill distriet has not been found.
Brachiocpoda

Pentamerus cf. oblongus (Sow.)
Cemsrotoechia cf. borealis (Schlotheim).
Atrvypa recticularis (Linn.)
Stricklandinia ef. lirerata
Farlinia sp.

Leptaena sp.

Chonetes sp.

Chonetoidea greyi (Dav.)
Lingula of. sttenuata (Sow.)
Bilobites biloba (Linn,)
Carlospira hemispherica (Sow. )
Parmorthis cf. elegantula.

Others

Fetraea

Pavosites

Tentaculites anglicus (Salt.)
Crinoid ossicles.,
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WOOLHOPE LIMESTONE,

This limestone series consists of impersistent bands of
nodular and flaggy limestons interbedded with calcareous shsles.
A fresh unweathered surface of the limestons shows it to have a
very fine exture and a blue=grey colour with a considersble amount
of ferruginous staining along fractures which is characteristic of
the Woolhope Limestone, Chemical tests show that a large amount of
argillaceous material is present within the limestone, Joints are
common and some of them are often lined by pink-coloured calcite,
The shales are grey in colour and contain numerous fossil fracwents.
Thickness,

The bouniaries of the limestone are indistinct, as they
gradually become more shaley upwards imto the Wenlock Shale and
appear to do the same downwards into the Woolhope Shale, thms in
ti:e majority of places estimates have to be mede from the topographicz1
feature which the limestone forms. At Alfrick, however, the limestone's
thickness was measured from the exposures shown in the banks of the
lane (32/739529) anl was found to be about 70 feet. This seems
to be thicker than that usually founi, as 1} mik s to the south
of this section, another measurement was made using a resitivity
traverse and the thickness was calculated to be ohly about 50 feet,

Both Phillips! and Groow® heve recognised a much thicker development
up to 150 feet, but the present writer has not found evidence of

this. The thickness calculated from the map shows the limestone

to be between 40 anl 70 feet with 50 feet as a common figure,
1. opocito p.69o 20 OP.Ci.to p0708.



21.

Qeourrences.

The Woolhope Limestone occurs along the whole western flank
of Storridge and Malvern Anticlines ani along the eastern flank in
the north portion of Storridge Anticline. It is generally mepped
as a steepening of the slops formed by the unierlying Llaniovery
Series. The best exposures of the limestone are given below:

a. Alfrick District.

In the lanes between Alfrick and Alfrick Pound the
limestone is well exposed and forms the eastern and western flanks
of Storridge Anticline. Sections are seen 500 yards S.E. of Crew's
Hil1 (32/739520) and by Mousehole Bridge (52/739516).

b. ¥alling Wood, Storridge Common (33/745497).

The stresm thoough Mallins Wood shows o pertisl seetion
through the upper pert of tfe limestone series and demonstrates
thet the 1lim stone may be massive in some places forming beds up
to 18 inches thick., These beds are not persistent over grest
didtences and break up into thimmer nodular bands,

¢. Storridge (33/752466)
In this neighbourhood the limestone is exposed in the
benke of the Worcester-Hereford Roed and in the old quarries
immediately to the north of this roed.
d. West_snd Farth Melvern.
Pnillips*ldescribes a section through the Llsndovery end
Woolhope series beneath the Worcestershire Beacon, but unfortunately
this land has been built on end overgrown and only portions of it

1. FPhillips, J, 1848, Mem.Geol.Survey p.73.
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remein, The limestore is shown in a few 0ld pits and & rosd cutting
in West Malvern (32/762462). '

e. Linden Manar Hotel (32/764426)

Nomerous smell pits show Woolhope Limestone and the
unierlying Woolhope Shales.

Palseontology.
Brachiopoda

Leptoena rhomboidalis (Wileckens).
Bilobites bilobe (Linnseus).

Strophonella euglypha (Dalman,)
Pentamerus ef.geleatus

Chonetes striatellus (Dalman,)
Plectambonites cf. transversalis (Dalman.)
Atrypa cf. recticularis (Linnseus).
Lingula of. Dymondsi (sater).

Anthogzoa
Halysites of. catenularis (Linneeus).
Hollusca

Dawsonoceras anmlatum (Sowerby).
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WENLOCK SHALE,
The Wenlock Shale is a geries of interbedded shales and e

emall number of thin bends of limestons and nodular shale,
The shale is almost entirely grey-green in colour, thin bedded

and consistent throughout its vertical and horizontal extent,
Approximate chemical end sisze analyses of the shale shows it to
contain up to 20% of lime and 40% of silt grade meterial (0.01 -
0.1 mm. sige particles), the remainder being made up of clsy material.
The limestone bands ere thin, impersistent, nodular, impure
vith argillaceous material, dark blue grey in colour on a fresh
surface, f:lﬁe grained and unfossiliferous, There is little
evidence to show where limestone bands predominate. Murchisont
claims they are greater in number at the top of the series, whilst
Phillips? says they ere concentrated at the bottom. What 1ittle
evidence the writer has found, tends to show fshat limestone bands

appear to be more frequent in the bottom of the formation.
Thickness.

No complete section through the Wenlock Shale exists, but
estimates of thicknesses of the Shale from the mapped contacts it
m-kes with the Wenlock and Woolhope Iimestones show it to be:

575 feet at High Wood, Cowleigh Park (32/7547) SOUTH
575 feet at Whiteman's Hill, Storridge (32/7548)

640 feet at Halesend Wood, Storridge (32/7548)

765 feet at Longley Green (52/7350)

800 feet at Alfrick (52/7352)
820 feet at Crew’s Hill, Alfrick (32/7353) NORTH

1. Marchison, 1839. The Silurien System.
2. Rlillips, Je 1&80 Em.GOOI.SIn"VOy p.'76.
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Purther to the gsouth the thickness is much less, e.g. immediately
south of the Linden Menor Hotel, Colwall, the thickness is less than
300 feet, but this may be attributed to tectonic thinning or
squeezing due to the close proximity of the Malvern Hills.

Considering the thicknesses ebove, it is immediately seen that
the beds apparently thickem northwards at an aversge rate of 66 feet
per mile. Incompetency msy be responsible for this thickening but
this seems unlikely since the intensity of the folding seems no
greater in the .souf;h than in the north. For further consideration
of this voint see page 30where the thickness variations of the
Wenlock Limestone are considered,

Occurrences.

Exposures are few, but the shale's presence is inferred
by the 10# lying ground between the Wenlock ani Woolhope Limestones
The best exposures of this series are listed below:

a. Mertley Digtrict.

The Wenlock Shale forms a roughly trisngulsr mass bounded
on three sides by faults. It forms moderately flattish land except
for the western side where it is part of the steep bank of the River
Teme. Small trituteries of this river have incised deep valleys
perpendicular to the Teme. |

Some of the best exposures of Wenlock Shale are to be foﬁrll
in the road cuttings between Martley and Ham Bridge, Here the
rocks sre seen as a steeply dipping geries of greenish-grey shales

containing a few banis of calcareous nodules. Pink calcite veins
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are common end there is some iron stehing, A prominent bani of
limestone nodules can be traced in Kingswood Common snd Tee Bank
Coppice. Mach of the succession exposed in Kingswood Cormon had
to be ignored since it has slumped down the banks of the River Teme
and it is uncertain how much of it is actuslly in situo.

b, Tinkers coppiée:gggtrict (82/742577).

A small eree of Wenlock Shele is found in Tinkers Copvice.

Three main outorops cen be geen, but plenty of fragments are also
aveilable, |

i) A smel) exposure N,W. of the Limestone quarry in the
banks of a track. This reveals buff and light green calcarecus shales.

11) N.E. of the Limestone querry beside the road an 0la disused
pit shows Wenlock Limestone dipping 40°/073° . 1In the 10 feet of
exposed rock the limestone grades downwards into a flaggy buff
celoareous shale, A few feet from this pit is another small pit
remresenting e lower horizon which conteins uniform grey—gieen
calcereous shales.

i11) This exposure shows irregulerly N.W. dipping dark green
calcarecus shales with occesional bands of dark grey impure limestone
910 yards N. 5° W. of Nipple Well,

c. Bavensbill.Greep (32/736547)
The presence of Wenlock Shale 1s inferred in this district

by the fragments of shale found, the low lying ground and the
underlying Woolhope Limestone.

Several exposures sre to be seen along the esstern amd
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western flanks of Storridge Anticline., The lower part of the series
is exposed at the roadside by Mousehole Bridge where the dip is
20°/260°. Other good sections cen be seen im the smell stream that
flows southwards into Leigh Brook at Mousehole Pridge. The stresm
section just mentioned shows persistent bands of white, grey and
sometimes green and purple speckled clays. These clay bands vary
in thickness from % to 3 inches end are irregulerly spaced in the
shale. Tests show these clays to have absorptive properties and are
therefore assoclated with the bentonitic eley bands described later
(see pege 38 ). In the lenes leading from Alfrick Pourd to Alfrick
there ere some excellent exposures of the shale showing it to be
of the usual type.

Purther to the south by Storridge Farm there are some strike
sections of the shale im the lane cuttings. These expogures also
contein the white clay bands memtioned above.

On the eastern flanks of #torridge Anticline, Wenlock Shales
are exposed in the stream section immedistely north of New Imn.

Exposures are rare further south from here, with only small
exposures in stream and roedside cuttings. An excellent desoription

of the Shale wes made, however, when the new Malvern-Colwall railway
tunnel was augl.

1. Rourtson’ T. 1926, Geol, Suxv, Sumry of PrOgre!s
fo:' 19250 p0162-1750
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Palaeontology
Anthozoa

Cyathophyllum sp.
Favosites gotlemiicus (Iem).

Heliolites sp.
Brachiopoda

Lingula sp.
Orbiculoidea sp.

Camarctoechia of. borealis (Schlotheim).

Atrype recticularis (Linnaeus)

Atrypa imbricata (Sowerby).

Leptaena rhomboidalis gwilclcens).

Strophonells euglypha (Dalman.) Por variations in this
Bilobites biloba (Limm,) species see Appeniix,
Eospirifer rsdiatus (Sowerby).

Permorthis elegantula (Dalman.)

Gypidula gp. Chonetes lepisma (Sow,)
Pleotodonte transverselis (Dalmen.) Craniops implicata (Sow.)
Flectodonta sp. . Sowerbyella of,
Crthis entiquata (Sowerby) o quinquecosta.
Cyrtis exparrecte (Wahlenberg), ﬁg;ﬁ":p fPo

Trilobite

Dalmenites vulgeris (Brumnidd
Proetid type.
Acidaspid sp.

Mollusca
Euomphalug £De

Orthoceras SPe
Dawsonoceras cf. enmletum (Sowerby)

Various

Bryozoe
Serpulites sSpe
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WENLOCK LIMESTONE,

This formetio-n congists of rubbley Llue-grey limestone in the
form of irreguler beds end nodules with interbedded grey calecarecus
shales., In many cases what appears to be & massive limestone is
found to be made up of tightly compressed nodules seperated by
thin and impersistent shale partings. Where fullydeveloped, the
limestone comsists of two or more limestone stages alterneting
with sheles, but in areas of intense folding, such as in the north
by Mertley, the shale bands become attemuated or perhaps squeezed
out altogether. In these imtensely folded districts the bedding
planes ere often encrusted with celcite, and generally show
slickensiding.

Examination of the limestone shows it to be principally
accretionary with s smell percemtage of its bulk mede up of clastic
deposits. These beds are composed of entire brachiopod shells,
crinoid ossicles and other animal debris embedded in a lime nnd.
The fragments are unsorted ani show no general orientation by water
currents, also they are not heaped up into lenses or mounds to
form bioherms, Separating these biochemicel limestone bends are
thin, but occcasionally thick layers of finely bedded clestic material
composed of shale, silt and sometimes send and oolites, An
alternation of celcium carbonate and silt has been recognised as a
mioroscople rhythm in some parts of the formetion (see page 219).
The limestone iz very often dolomitic.

Opposite the northern end of the Malvern Hills, oolitic
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limegtones are quite common., Examined in thin section the centres

of the ooliths appeared to be composed of shell fragments enl in

BOme rare ceses small crinoid ossicles, One specimen of this limestone
containg ooliths up to i" in diameter and therefore would be classed
as a pisolite,

In the neighbourhood of Mathon Park (32/7682450) the formation
appears to be considerably thinner than that found to the north and
south, Immediately to the south of Mathon Park where the limestone
is still thinner than normel, lenses of sand were found interbedded
with the limestone, These beds are up to 2 feet thick and are
considered as lenses since they camnot be traced from one exposure
to the next among the excellently exposed strike quarries. The gand
is sof't, white to yellow; well sorted, medium ma, unfossiliferous
and not very well cemented.

The Wenloock ILimestone must represent a fairly shallow sea
deposit influenced by sea currents aid even perhaps seasonal
variations (see page 257). The localised thinning amd associated
clastic deposit mentioned above, suggests more vigorous water
movement indicative of perhsps a current channel or river estuary.

In Whitmens Hill Quarry (33/748483) small quantities of oil
were founl in limestone nodules., In this quarry the beds are almost
horigontal with occasional %0lls. " The perticular "oil-bearing"
limestone in question lies beneath about 15 feet of shale in the east
face of the quarry. There is no ¢il visidle until the limestone

nodules are broken open and in some nodules as much as a thimble
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full of liguid oil could be found, In general, the oil coated
cracks in the nodules and occssionally infilled cavities. A
specimen of Favosites found in one of the nodules was pertially
infilled with a bitumen type material,

The presence of bands of persistent cley between 1 amdl § inches
thick was noted at various horizons within the formation. These
ba:qls sare usually white, although they are some times light green with

vurple mottling and weather yellow-brown, A.J. Butler! has shown
that similar clays in the Walsall distriet are probaebly formed from
fine voleanic ash, |

Thickness.,

No complete section through the Wenlock Limestone exisgts, but
estimetes of the thickness of the limestone from the mapped contacts
it makes with the Wenlock and Imdlow Shale show it to be:

North.

120 feet at Penny Hill, Mertley (32/752613)

250 feet south of Crew's Hill, Alfrick (52/733525)

255 feet north of Upper Tundridge, Longly Green (32/733513)

200 feet at Upper Mosewick, Longley Green (32/737506)

580 feet at Halesend Wood, Storridge (32/740495)

400 Peet at Six Acre Wood, Whitman's Hi1l (32/750480)

500 feet at Bank Farm, West Malvern (32/755468)

540 feet at Croft Farm, West Malvern (32/757462)

350 feet at Upper House Farm, West Malvern (32/759459)

1. Butler, A.J. 1957, Geol.Mag. Vol. LXXIV.
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300 feet at Mathon Park, West Malvern (52/761453)

400 feet at Park Wood, West Malvern (32/763443)

390 feet at The Quarry, Colwall (32/782433)

350 feet at Hanway Coppice, Evendine (32/862419)

480 feet at Hawkelts Coppice, Evendine (32/762410)

530 feet at Bvendine Court, Evemline (52/761411)

Scuth.

Further to the south the beds aprear to be mach thinner and
are no doubt tectonically squeezed by the thrusting of the Hereford
Beacon.

Examination of the figures given sbove shows that the limestone
thickens gouthwards from 250 feet to a maximm of 540 feet at
Croft Farm, which is a thickening of 74 feet ver mile. South of
this the formation repidly thins by 190 feet in 350 feet and graduslly
thickens again to 530 feet at Evendine, The extrasoriinerily low
thickness for FPermny Hill in the north is poesibly due to the
elimination of much of the shale by intense tectonic forces.

" This varistion within the limestons must be considered with

the vaeriation of the Wenlock Shale described on page 23 ., Summarising,
tle Wenlock Shale thins southwards at a pate of 68 Peet per mile,

whilst the Wenlock Limestone thickens in the same direction at a

rate of 74 feet per mile,

Mapping and Occmrrences.

In its normel condition the limestone formed a2 well defined
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ridge between valleys of the Wenlock and Iudlow Shales. Super=-

imposed on the dip slope of the ridge were one or more other ridges
representing other limestone developments within the formetion. In
general the ridges were well wooded and conmtained mumerous old quarry
workings, Occurrences are t0o nmumerous to describe as this limestone
represents the best exposed formation in the district mapped.

Penny Hill Quarry, Martley is now being used and shows just
over 100 feet of inverted limestons., A diagram of this Wenlock
Limestone section is shown on page 226 and is typical of the mmerous
other old workings. Whitman's Hill Querry is also working, but the
sections through the limestone are limited in thickness since the
beds dip et only about 10°.

Correlation.
Butler describes the Wenlock succession at Wren's Nest,
Dudley, asfaving two main limestone bends separated by nodular
beds with passage beds above and below the limestone banlis with a
total thickness of 197 feet for the formation. The recosgnition of
two or more limestone horizons within this series of the Malvern
distriet shows that it has a broed resemblance to tha‘i: in North

Woroestershire, but that of Malvern has a thicker development.

1. Mler, A.J. 1989, Q.J.G.SQ Vol. XCV p.5'7.
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Paleontolocy.

Anthozoa

Heliolites of. megastoms (M'Coy)
Pavosites ef. gotlamdicus. (Linneseus).
Halysites sp.

Syringopora spe

Omohyme’ (7) sp.

RBrachiopoda

Gypiiula cf. galeata (Dalmen, )
Athyris sp.

Camarotoechia sp.

Wilsonia wilsoni (Sowerby).
Leptaena rhomboidalis (Wilekens).
Strophonella euglypha (Talmen.)
Atrypa recticularis (Linnaeus).
Spirifer sp.

Trilobite

Dalmanites vulgaris (Brunnick).
Celymene sp.

Various

Strometopore cf. typica

Monograptus sp.

Crinoid ossicles (very abundant).

Small branching and encrusting Bryozoa.
Bellerophon spe
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IOWER IUDLOW.

The Lower Indlow consists, in the lower part, of thin bedded
dark grey shales with nodules and bamds of argillaceous limestone.
The mijdle portion of dark grey shalés and shaley nodules,and the
upper beds become more flaggy with the graiual increase of silty
material. The shales weather to a buff or light brown colour, very
often parting around lumps in an "onion-skin® fashion, Very thim
laminge of light grey silty clay often oocur near the top. The
calcium carbonate content of the shales varies almost ghwthmically:
soft grey shales anl mudstones being found to alternate with
caleareous, sometimes nodular mudstones. 'J.‘heée zones of inereased
calcium cardbonate content appeared to correspond with resitivity
"highs" in the top of the Lower Imdlow exposed in Woodbury Quarry
(see page 215 ).

Thickness.

Although the total thickness cannot be estimeted very accurately
it certainly exceeds the 500 feet characteristic of these beds in
South Staffordshire, and probably approaches about 800 feet, the
thickaess of the Lower Indlow stage in the type area.

Measurements celculated from field map:-

Permy Hill, Martley (32/752613) ' 650-850 feet.
Crew's Hill, Alfrick (33/753525) 800 feet. approx.
Upper Tuniridge, Longley Green (32/735513) 700 fest.

Upper Mosewick, Longley Green (32/737506) 700 feet.
Halesend Wood, Storridge (32/740495) 700 feet,

Colwall (32/762420) 600 feet.
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Bvendine (52/762414) 700 feet,
It must be remembered thet in a1l these localities the shale
and neighbouring formations are intensely folded shich would tend to
attenuate the shaley formations, Thus, although 700 feet is a
common figure in the list above, the true thickness is probably a
little greater.

Occurrences,
Exposures are too plentiful to emmerate, but the chief

ocaurrences are listed below:

1) Road section by Barrellhill Farm where 300 feet of shale
are exposed (32/744641)

2) Woodbury Quarry showing i:he uppermost 160 feet of the
shale (52/743638)

3) Lower Indlow Shales are seen sbove the Wenlock Limestone
in the quarry west of Wallhouse Flantation (52/750638)

4) 250 yards south of Fetterlocks Parm, 60 feet of mudstones
are exposed in a stream cutting (52/752630)

5) South of Crew's Hill, Alfrick, the lanes show incomplete
sections through the basal portions of the Lower Ludlow (52/732522).

8) Along a footpath leading off the Aymestry Limestone ridge
by Upper Tuniridge Parm there is an incomplete section through the
upper part of the shale (32/731513).

7) Verious small exposures in the roads and lanes of Longley
Green.,

8) There are some gool sections through parts of the middle
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beds by 014 Vinesend, Credley, dbut it is uncertain how much of this

is faulted (32/743478).
9) Numerous small exposures ocour in High Grove Weod, Rowburrow

Wood armd a stream by Mathon.
10) Sorth of Evenline good exposures of the upper silty part

of the shale are seen in the banks of e lane,

Palaeont Olm s
Brachiopoda

Chonetesg BDe

Leptostrophia ef. filosa (Sowerby)
Strophonelle euglypha (Dalmen, )
Wilsonia wilsoni (Sowerby).
Leptaena rhomboidalis (Wilekens).
Orbiculoldead®, rugaba.

Orthis ape

Atrype rectioularis (Linnasus).
Gypidula geleata (Dalman,)
Dalmanells elegans.

Dalmenells sp.

Lingula cf. symondsii (Sowerby).
Craniops implicata.

Delthyris crispa 2ﬂisinger).
Meristine tumide (Dalman, )

Trilobite

Dal manites vulgaris (Brunmick)e.
Acidaspis sp.

Ostracoda

Beyrichia maccoyans

Hollusea
Orthocerss ibex (Sowerby) Cerdiole striata
Orthocerss filosum (Sowerby) ? Goniophora
? Gomphoceras sp. Poleumita glcobosa
Marchisonie sp. Modioliform.

Buomplialus &D.
Platyschisma helicites (Sowerby)
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Bryozoa
Ceramopors. sp.
Penestelle sp.
Other amall encrusting forms.

Anthogoa

Cyathophyllum cf. p=zeudoceratites,
Cthers

Tentaculites

Honogreptus of. leintwerdinensis

Crinoid ossicles.

? Cormulites.

Very often certain species ere so predominsnt that they
exclude ell other fauna, Careful study of the Lower Iudlow
exposure in Woodbury Quarry shows that the following form bends:

Cyathoshyllum
Gypitual
Ieptostrophia
Wilsonia

Other species show a predominance over a wide zone, but

include other forms, Strophonella euglypha is a tyve like this.
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AYMESTRY LIMESTONE,

This formation consists of a series of limestones inter-
bedded with calcareous shales. The beds forming the lowest 10
feet consist of blue-grey calcareocus, midy, flagey siltstores
weathering first £o an olive-green colour and finally to a dbrown,
" As the beds are traced upwards the grain sige of the detrital
fraction diminishes and the calcium carbonate content increases.
They become blue-grey argillaceous limestones which readily westher
to an olive green colour. Folished surfaces show the limestone to be
almost devoid of lamination and structural features. Calcareous
organic fragments are scattered inmdiscriminately throughout the
matrix, In the higher horizons pyrites is common and small flakes of
blotite are developed on bedding planes., Nodular concretions.are
common and in the highest beds these tend to be segregated into slabs.

Observations in the Woodbury district show that at the base
of the Aymestry Limestone and 20 feet above it, two persistent clay
bands occur. | Elsewhere clay bands are present, but their position
with respect to the limeston's base is uncertain, These clays
consist of light green and orange mottled plastic clays attaining
thicknesses of 2 feet. Thin plates of pink calcite are sometimes
formed within the clay. Other clays, only mach thinner, are to be
seen below the Aymestry Limestons in the uppermost Lower Ludlow
series.

These clays have at times been described as bentonites, which

they resemble ani their occurrence has been used as evidence for
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intermittent activity of a distent voleoenic centre during Selopien
timesl, Similar clays have been found in every other Silurien
formation except the Llandovery and Upper Ludlow Series.

Tests carried out on a sample of clay from Woodbury Quarry
showed it to have strong absorptive properties. A recent X-ray
enalysis of a similar clay from a querry in the Aymestry Limestone
from Shavers End, Abberley Hill, immedistely to the north of the
area here described, proved the clay to belong to the illite group

of cley minerals.
Thickness.
The exact limits of the Aymestry Limestone were difficult to

decide since the limestone grades from a shele to an argillaceous

limestone ot its base, to a calcareous shale and siltstone ebove.
As might Ve expected the limestone formed marked changes in

topographical slope as the quentity of shale increaged, and these
were teken as the limeston's boundaries. Measurements mede in

Woodbury Qusrry show the limestone to be ebout 75 feet, but further
south at Halesend Quarry (32/738487) the limestone, although still

between 60-75 feet as defined by the change in topographical slope,
eppears to have fewer limestone bands and is, in general, less
calcareous than its counterpart at Woodbury. 1’11:!.1111)32 in his
memoir aseribes the Aymestry Limestone group ss having 75 feet

at Halegserd Quarry, but only 22 feet of this iz thought to be true
"Aymestry Rock".
In the Iedbury district Phillips recognises a thickness of

100 feet at Dog Hill Turnpikez’ whilst Piperq’ considers it might be

1. Butler, A.J, 1937. Geol.Mag. Vol. IXXIV.

2- Hlillips, J. 1848, mmoGQOI.m.. Pe 84 & 980
S. Gp.cit. P.97.

40 aw, GoHo 1895. Tr@sowoolhope club.
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as much as 236 feet in this district.

Descriptiomsof Aymestry Limestone quarry sections ere given
with those of the Upper Indlow series in the preceeding chepter, p.4s
Occurrences.

The Aymesiry Limestone is seen along the whole length of
Woodbury, Storridge and Malvern Anticlines. It forms a prominent
ridge along the westérn margin of ell these structures amd provided
an excellent mapsble feature. An additional series of outerops ere
produced by the faulted limb of Woodbury Anticline to form the
Aymestry "easterop™.  Repetition of the Idime stone is aleo found
in the Mathon district,

The main oﬁterops from which information concerning the
Ayme stry Iaimesi_:one was geined are outlined below:-

1) Walsgrove Quarry where the beds are practically verticel
and ghow the uppermost portion of the limestone and two well
developed cleay bands.

2) Barrellhill Parm Quarry (32/742640) shows bede belonging to
the top of the Aymestry Limestone end the .overlying Dayia Sheles.

3) Woodbury Quarry (52/743636) shows e complete section of the
inverted limestone,

4) Hillerd, Martley (52/747600) 20 feet of verticel limestone.

5) Basthope Ferm Querry (32/744648), 30 feet of the basel portion
of the limestone and upper part of the Lower Ludlow Shales, which
are credited to be part of an overthrust mess.
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6) 400 yards S.E. of the Talbot Hotel on the Worcester-
Bromyard road (32/737567), there is & querry showing inverted
Aynestry and Upper Indlow,

7) Hangman's Bark Copplce, Knightwick (32/733544) shows e
30 foot section through the upper pert of the limestone which at
this point is extremely contorted and variable in dip.

8) Longley Green (33/782504) district has two disused quarries,
one of which, on the main roed, shows en almost complete section
through the limestone. '

9) Halesend Quarry (33/738488). This is described in the
next chapter.

10) 730 yards N.E. of Cradley Church there is an 0ld quarry
(33/740476) showing 60-80 feet of Aymestry Limestons smd uppermost
Lower Ludlow.!'At lesst three white bentonitic olay bemds could be
identified. '

11) Hill Wood, Cradley (32/741467) has a stream section with
a 20 foot section through the limestone,

12) The streem section besids the roed lesding from West
Melvern to Mathon shows en incomplete section through the Upper
Ludlow, Aymestry and Lower Indlow (33/749454).

13) To the east of the exposure just described is an
operating querry in the lower pert of the Aymestry Limestone
(32/752456).

18) A small disused querry at Evendine (32/736413) shows
sections in the limestone,
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15) Chance's Pit contains mumerous small querries along the
strike of the upper parts of the limestone (52/750402).

Correlation,

The principal difference between this limestone and that found
in the type area is the absence of Conchidium knighti which
appeers in the Indlow district within the limestone in such great
munbers. Groom', however, in his faunel list 8id record the
presence of tEis fossil, but up to present it has not been found
in this district by the writer,

Consideration of the vario.tion of thickness of the Aymestry
Limestons with other districts would not be very profitsble since
the euthor's limits are quite arbitrary anmd not based on faune.
Even so, the Limestone of Indlow and Wenlock has e comparsble thickness
of 100 feet which is in agreement with those of this district. A
marked difference, however, is seen between this srea and South
Staffordshire where the limestone only attains a thickness of 25
feet, andl May Hill, @loucestershire, where the limestone is
»ractically non-existent.

The evidence of variations of thickness within the area
desoribed shows it to thin slightly southwards and repidly thickens
westwerds., This data taken in conjunction with that outlined for
neighbouring districts suggests that the isopachyte lines for the
limesstone would trenmd approximately N,N,E,- 8.S.W,

1. Groom, T.T. 1910 "Geology in the FPield" p,712.



43,

Palecntologﬁ N
Anthozoa

Cyathophyllum cf. pseudocerstites.
PFavosites sp.
Petraia sp.

Prachiopoda

Lingula sp.

Orbiculoidea rugete (Sowerby)
Delmenells lunata (Sowerby)
Atrype recticularis (Linnaeus)
Strophonella euglyvha (Hisinger).
Leptasna rhomboidelis (Wilckens)
Wilsonia wilsoni (Sowerby)

Deyia navicula (Sowerby).
Cemarctoechia nucule (Sowerby)
Gyvidula geleata (Dalmen.)

Trilobita
Dalmenites vulgaris
Ostracode
Beyrichia sp.
Yolluseca
Orthoftota sp.
Pterinea sp. :
Muarchisoniz of. 1loydi (Sowerby)
Buomphalus sp.
Orthoceras sp.
Poleumita globosa.

Others,

Small Bryogoan and Crinoid ossicles.

In general the faune of the Aymestry Limestone resembles that

of the Lower Indlow except that e few species heve ceased to exist,

the chief of which are Delthyris crisva and Leptostrophia of, filosa.

Other species concentrate themselves into beamds or zones, such
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forms are:

1) Gypiiual galeata 20 feet above the base of the Aymestry

Limestone, This form is much larger than those found banded in
the Lower Iudlow Shales.

2) Cysthophyllum of, pseudoceratites 3040 feet sbove the base

of the Aymestry ILimestone, This species forms a prominent 2 foot
corsl band at 30 feet, This part of the succession most likely

corresponds with the most calearecus part of the whole limestone,
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UPPER LUDLOW GROUP,
Within this group are 1ﬁcluded all the beds between the top of

the Aymestry Limestone and the Iudlow Bone Bed. This includes the
Dayia or Mocktree Shales, It is realised that this is contrary
to work carried out by the Geologicel Surveyl, but it was found
convenient for mapping.

The chenge upwerds from Aymestry Limestone to the Dayia shales
is principally a decrease of calcareous matter, with an increase of
ergillaceous material. The beds change from the bedded blue limestone
of the Aymestry to the nodular and fleggy dlue limestone with shale
pertings of the Dayla beds. With the gradual deécrease of lime the
beds become pale dlue, massive belded mudstones, weathering olive
green, Near the top the beds aere silty and arensceocus, olive green
in eolour with purple motﬂed micaceous flgstones, In these
flagstones, lemination occurs at certain horizons, being particularly
prominent near the bone nezl, where orange yellow sandy laminse are
seen to grade upwards into dark olive green argillaceocus layers,
giving the whole a varved appearance. The gooup is wfficienftl.;y
calcareous in all but the highest '55 feet to be guarried as a rosd
metal, In the lower 100 feet or so, no distinetly oaloareous
horizons are vpresent, but in the higher beds the more calcareous
banis, easily scen in weathered exposures, ocour at intervals, These
minor limey bands are usually 4" to 8" thick ani may reach 4 feet in

places, but become thinn-r end more mumerous in beds immediately

1. Pocook, R.W, & Whitehead, T.H. 1948. Brit.Reg.Geol,
"The Welsh Borderlani® posoo
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underlying the bone bed. Nodules sre rare, unlike the lower
members of the Ludlow.
Thickness.

Measurements in Woodbury Quarry were teken between the change
in glope produced by the top of the Aymestry ILimegtone and the
equivalent of the Ludlow Bone Bed. This showed a thickness of
175 feet, about 50 feet of this might be attributed to be Dayile
Shales, slthough this would only be en approximation. Similer
calculetions at Helesend Quarry showed the Upper Iudlow Group to
be Just over 150 feet,

QOccurrences,

Upper Indlow beds alweys ocour flanking the high Aymestry
Limsstone ridges and thus may be found along the western limbs of
Woodbury, Storridge end Malvern Anticlines. lerge exposures only
occur in old querries end it is from these that most of the
informetion concerning this group was obtained.

1) Welsgrove Quarry (32/745660) shows a large bedding plane
along the N.W. side of the quarry with abunient Camarotoechis nuouls
end Dayie navicula.

2) Woodbury Quarry (32/743635) represents one of the begt
exposures of Upper Indlow that could be found, Below is e
@escription of the whole quarry beginning et the base at the eastern
end with the Lower Indlow, The dsp is 80°/90°with inverted strata.
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Bottom, East erd.

a) Grey and Khaki green soft, silty shale with
nodules of argillaceous limestone and hard shale,
There are laminae of silty clay, possibly thin
developments of the bentonitic clay bends seen
higher in the succession. Many joint planes sre
infilled with red clay. Towards the top there

is a development of discus shaped shaley nodules,
Fossils are gburdant with bedding planes covered
with single species.

b) This division is much the seme as the
previous one, but the silt and calcium carbonate
fraction increases slightly with the result that
the beds are more flaggy. Limestone bands and
nodules sre more frequent near the top. Some of
the shale weathers spheroidally, i.e., "onion-
skin" faghion, The rock weathers to a buff or
light brown colour. At 85 and 92 feet there are

6 inch bands of grey plastie clay weathering to

a brown colour. Towards the top, the rock becomes

thicker bedded with thin bands of shele and lénses

of shelly sandy material. The fsuns of this
division ie very much the same as the previous

one with a large number of Dalmanites and

Gypidulas.

0-40 feet,

40-100 feet,
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c) Grey-brown, tinted green argillaceous

siltstone, Very flaggy with thin shele banis

and nodules. There is a Jdefinite inerease of

lime in the form of thin bamds ani nodules. The rock
is well jointed anmd crumbles very easily, and
cont:ins small %" beads of soft orange sand.

¥hite clay banils ooour at 100, 108 and 116 feet.
The fauna is very similar to the previous divisions
except that there is an increase in the frequency
of occurrence of Corsls, Atrypa and Wileoni::

d) This division starts with a 2 foot band :of

soapy green-grey to orange clay. The rock has

now progressed up from a flaggy mddy calcareous
siltstone of the previous division to an impure
dlue finely crustalline limestone represented in
this section. The impurities are principally mud
amd sil*. The rock is massive, well jointed and
jnterbedded with thin £" = 1" beds of black shale,
Pyrites is sometimes found along bedding surfaces,
There are bedding planes covéred with Gyathophyllum

near the base of this division. Camarotoechia

nucula and Dayia navicula are abuniant near the

top -~ Aymestry Limestone.

100-160 f'eet

180=240 feet
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¢) This division is very similer to the previous 240-310 feet.
one,except that the limestone conteins a lot

more mud and shale bands. The rock is not so

herd and crumbles very easily on weathering to

a calcereous shaley dust. Dayia navicula: common =

Dayia Shales.

£) The rock gradually becomes mare flaggy, less 510-450 feet.

blue and more brown in colour. This is cemsed by the

decreage in lime conmtent and increase of silt.

Limestone bends still occur near the base, where

they ere dove blue-grey in colour weathering to a

light kheki green, Towards the top fine sanmd

beands ocour. Camarotoechia mucula and Chonetes

striatellus common throughout. Serpulites

Longissimus characteristic near the top - Upper Indlow Group.

8) White to yellow fine senistone with numerous 430 + feet,
carbonaceos inclusions and remains - Downtonian.

Zop.

3) A quarry 400 yds. S.B, of the Talbot Hotel, Knightwick,
on the Worcester=Bromyard road (32/736558). offers a section
through the upper psrt of the Imdlow. Phillips! desoribes the
section in déta:ll from the base of the Aymestry Limestone to the
lowest Downtonian, Unfortunately, the highest Ludlow and lowest

Downtonian are no longer visible. The aip of the beds is 60°
towards the N.E, and is shown to be inverted, sece page 286 .
1. HlillipS, J. 1848, ¥em,Geol, Surv. P. 94 & 98,
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4) Burysgate 014 Querry, Little Halesend (32/735492)
shows part of the Upper Iudlow sequence,
Top, Western emd
Flaggy, fine grained khaki coloured siltstone. 5 feet.
Well jointed with nuperous small shale bands,
Abundant C. stristellus and C. mucula.

Band of nodular impure dark limestone. 8 feet,
Nodules set in matrix of shale.

Well jointed shaley massive limestone. 25 feet,
Daxrk grey blue in colour snd finely
orystalline. Lerge amounts of shale,

Thin bands of fine light brown sandstone. 4 foot,
Stained chocolete btrown in patches.

Flaggy silty linestone, Light brown in 6 feet.

colour,

5) Helesend Quarry (32/737487) has already been described
by Phillips put the writer's brief description is glven below.

Méstern End,
Pawn, often choc¢olate drown, fine sandstone 3 feet
with abundant mica - Downtonian.
Indlow Bone Bed composed of fragmented remains
of chitinous skeletons and phosphatic nodules -

Onchus spines.
1. Hlillips, J. 1848, Jen,Ceol «Surv, Peo M4 & 980
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Light brown to fawn siltstone with chocolate 13 feet.

dbrown staining, Abunlsnt lenses of

Dalmanella and Chonetes striatellus,

Sometimes these lenses are composed almost

entirely of these two species anl sometimes

only one of thenm,

Unexposed - 60 feet.,
Ploggy calcareous shaley siltstones, light 80 feet
brown anl dove grey in colour with thin shale

and sani bands. Some of the bedding planes

with unlulated and wrinkled swrfaces. Very

micaceous. The beds become progressively

more calcareéous downwards. Chonetes

striatellus, Oamarotoechia micula, Dalmanella

&R+, Dayla navicula, Orthonata sp. ete.

Noduler impure, sometimes flaggy limestone = 70 feet approx,
Aymegtry Limestons,

The aip on all these beds is 50° to the west and they arve the

6) Brockhill Quarry shows another good section through the

Downtonian and Upper Indlow Group. Phillipss hes described thie
exposure in his work and the present writer's section is below.

Top Western End.

0 feet.

Yellow, sometimes brown or purple , fine 0-16 feet.

sanistone well bedded and slmost flagay.
1, Blill‘lps, Je 134—8.)“!1\.(}801.3\11'7. 9-970
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Micsceous and with thin, soft, sand partings
between the flags, Numerous carbonaceous

inclusions,

Flaggy - lamina bedded (bedding thinning 16-22 feet.
dowmwards) fine yellow to brown and purple

samstone, Carbonsceous inclusions,

Overgrown - presumed position of ILuilow 22-35 feet,
Bone Bed,
Thin belded marly siltstone, yellow to 35-39 feet,

bro;ﬁi’ Band of large C. nuculae at base,

Well bedded hard grey to yvellow-brown 30=46 feet,
siltstone or very fine sanilstone with thin

bands of soft sand. The siltstone is often

current bedded ani conbtains a sedimentary

rhythm., C, nucula common.

Overgrown, 46=-54 feet,
Similar to 39-48 feet, but this dividion 54-64 feet.
is partially overgrown,

Well belded brown siltstone. An unweathered 64-84 feet,
surface sghows the rock to be grey blue in

colour.

Dark grey calcareous mudstones, Thin bedded 84-100 feet,
and sometimes silty becoming more calcareous

downwards. A limestone banl occurs near the

base.,
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Similar to previous division, but the beds 100=118 feet.
are more shaley and less silty,
The last two divisions represent the top of the Dayia Shales,

Correlation.

The sub-division of the Upper Indlow Beds into an upper
portion with abundent Chonstes stristellus and a lower division |
Camerotoschia Mucula common in the Indlow districtt seems to be of
local significance, as both species are equally sbundant throughout
the Upper Iumdlow, |

The beds in which Dayia neviculy: is prominent are of the
same thickness (50 feet) as in the ILudlow iistrict, but much thicker
than in South Staffordshire where they are included in the 25 feet of
Aynegtry Limestone,

The beds between the top of the Dayia deds and the Indlow Bone
Bed thin eastwards from 260-280 feet at Iullow to 125 feet at
Shelsley end 40 feet in South Staffordshire.

The deposition of the Upper Imdlow Group marks a return to
more shallow water conditions, and the final silting up of the olad
Palacozoic geosyncline with the introduction of more saniy material_
into this'atees, . |
Palaentology.

Generally speaking the group is charscterised by the

comperative scercity of species. The following species have

llo Elles’ GOLO and Slater’ I.L. 1906, QoJ.G-So
Vol. LXII p.195.



been identified:
Brachiaopoda
Orbiculoidea rugata (Sowerby)
Dalmenelie of, lunata (Sower
Camarotoechia mucula (Sowerby
Chonetes striatellus (Dalmen,
Wilsonia wilsoni (Sowerby)

Dayia pawicule (Sowerby}
Atrypa recticularis (Linnseus).

¥Molluscsa

Mjyrchisonia sp.

Orthonots sp.

Pterines sv.

Orthoceras sp.

Fuomphalus cf., carinatus (Hisinger).
Various

Serpulites longissimus (Murchison),
Verious branching Bryozoans.

lenticuler masses of brachiopoda shells normally confined in
content to a single species, or one valve of a perticuler species,
ere very prominent in the uppermost vart of this group.

Most prominent of these "rottenstone" lens sre those

congisting of complete shells of Camerotoechia mucule. These reaeh

e thicknesg of 2" in the cenire, but do not normslly have a large

lateral extent. Occasionally lenses of Chonetes stristellis show a

parallelism of their hinge lines which presumebly come to lie
perperdicular to the direction of the prevelent current.,

The lenses represent shell banks formed by current sorting and
winnowing awey of the finer detritus, the composition of any

particuler shell bank being determinel by the specific grevitv and

shape of the brachiopod valve.
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| DOWSTONIAN,
It is usuel in the Welsh borderland to distinguish en upper
Red Downtonian or Ledbury Group, and a lower Grey Downtonlan or
Temeside Group. Their thicknesses are estimated at about two
thousand feet and fifty feet respectively. The grey division
is sub-divided into two groups.

Grey Downtonian.

a) Downtop Cestle Sanigtone.

In accordance with the most recent opinions expressed by
workere on this subjeot, the base of the Devonian is drewn at the
Ludlow Bone Bed. Recent literature’ has discussed whether to
include the Bone Bed within. the Dorntonien, but for the purpose of
this work the matter is relatively umimportant.

The Samdstone exposures ere rare in the north, but scuth of
the R. eme very many excellent sections are to be seen in old
quarries., The Sandston® is brown, purple, yellowish, grey or white
and laminated. The grains of the sanlstone are fine and almost
entirely composed of quartz, hr!: mice is plentiful along bedding
plenes. The ®eds are thin, ani sometimes sufficiently thick to be
flaggy, very often there are thin bands of silt and silty merl
interbedded with the harder sanistonme.

The Downton Castle Sandstone contains few fossils, but those
identified include: Thelodont scales, spines of Onclus and
Pachytheca sp., for the Bont bed, other faune found within the

1. ¥hite, E.I. 1950, Bull,Brit.Mus. (Nat.Hist.) Vol.II no.S
2. Whittard, W.F. 1952 P.C.A, Vol.65 p.176.
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overlying sandstons are Platyschisms sp., Pachytheca sp., Linguls
sp., and carbonaceous material probably plant remains.

b) Temeside Shales.

As these were often indistinguishable from the overlying

Red Downtonian or ledbury Group in lithology,the nature of thie rock
will be described below,
Red Downtonian,

This group is characto;-isqd by red and green mo'l:t.lea marls
anl siltstones with oocasional red or purple micacecus sanistones

ani siltstonss which often appear to be lentioular amd impersistent’,
and at other times where siltstones appear massive they are persistent

and may be mapped es a topographical ridge or ridges for considerable
distances. A calcarecus cement is often present netween the grains
of silt, Fossils are uncommon although fish remains have been foumd
by W. Mykura in the neighbourhood of Barrellhill Farm, Woodbury,

No attempt has been made to sub-divide the Red Downtonian into
W.W. King's gones, although in certain circumstences exposures appear
to have a resemblance to his described subdivisions.
Occurrence and Boumdaries.

The Downtonian cccurs along the whole western side of the area.
It was mapped by the colour it imperts to the soil,and the
relatively flat ground it forms. The Temeside Shales are not
distinguishale in all places, this is particularly true in the
neighbourhood of the Woodbury Antieline, The Downton Castle Sandstone

is. succeeded by the deep red and purple marls of the Red
1, Hollingworth, S.E. 1957, Summary of Progress. p.34.
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Darntonian, this can be caused by:
1) The Red beds are prematurely developed replacing the
Temeside Sheles,
i1) ’T'he Temeside Shales having been strike faulted out
locally.
Important exposures are listed below beginning at the northern
endl of the area, -
1) Welsgrove Quarry (32/744660)
4'6" Messive green silty flagstones.
2 ft. Thin micaceous sanistones and olive orzen shales.
Thin bedded olive green shales and sindgones with
of, ¥odiolopsis.
6 ft. Thin Miceceous brown sandstone,
Deric Olive green shaley muwdstone.
2 ft. Laminated, micaceous, orange, quartzitic fine
sandstone with Linguls svp.
Iudlow Bone Bed representel as a sheath of carbonaceous
material,
2) Western flanks of Woodbury Anticline.
In the various streasm sections lealing lown into Kings
Wood ani Ladywood Common, exposures of mottled rel and green
‘micaceous gilty marls mey be Tound, In the strea=: section gouth of
Hillside Parm (52/738643) a coarse grained sanistone iz developed.
It is at least 8 feet thick, false bedded ani quartzitie, i;t has a

dark metrix and contains comparatively little mica. The sanilstone
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becomes finer anl more miceceous when traced upwards, grading
first into g siltstone ani finally into a dark red mudstone. By

colceulation this bed lies about 900 feet sbove the Bone Bed and

could possibly represent the Holgate Sendstone (14)1.
At Woodbury Querry (32/743635) the Bone Bed ani Downton Castle

Sandstone are badly exposed, The beds are represented, as at Welsgrove
Quarry, by a carbonaceous sheath of material overlain by dark
carbonaceous grits followed by grey quartzitic grits and fine
laminated sandstones. Red beds occur within 40 feet of the Bone Bel.

8.,W, of Rodge Hill in Pudford Dingle, several Aozen Pfeet of
solfliments are expoged of the usual mottled marls and siltstones of
the Ledbury Group. Within thig group there is a greater develovment
of caloareous siltetone than is usually founi et these horizons.

3) R, Teme Looalities.,

Several small exposures were found’in the neighbourhood

of Ham Bridge (32/737611). The two 1ingles north of Hem Parm ani the
quarry nearby show a persistent thick sandstone bani with minor
marl partings. The sandstone is micaceous anl often current bedded,
verying in colour from dees purple to grey wifa;h marl pellets at various
horizons. These benls of sanistone coull be itraced southwards through
Ham Wool, across the R, Teme ani through Ox Ieasow connice nlong the
eagtern banks of the R, Teme, This sanistone is similar to that
deseribed sbove by Borrelhill Farm, Woodbury and ‘s probably enother
expogure of the Holgate Sandstone (I,).

’10 W King's notation,
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Fa a quarter of a mile along the R, Teme's banks nearly two
mndred feet of the Red Downtonian is to be seen in Ox Ieasow Coppice
(52/759585), Just north of Hill Top Farm. Here the beds are of the
usual type, with occasional 1 foot bands of hard green=grey impure
limestone speckled purple and with sand grains. These limestone
bands form hard resistent spurs which stick out into the R, Teme
by Hilltop Farm, Towards the western enmd of the c¢liff small minor
faults are developed with throws up to 2 to 5 feet.

4) Horsham ILocalities (32/735591)

In the cutting opposite Horsham House 3 feet of chocolate
and grey micaceous sanistones overlie thinly bedded chocolate coloured
non-micaceous marls., Some 100 yards north of this exposmure on the
west side of the road the sendstones pass upwards into sandy micaceous
marls showing minor fanlting, 80 yards northe-east of this exposure
another rosdside cutting exposes 6 feet of grey and chocolate
coloured micaceous sandstones dipping gently to the south-east.
Chocolate coloured micaceous marls are also seen in the bank of a
pond on the track leading from Horshem Road into Ox Leasow Coppice.
The sanistones in these localitieccontain many small pellets of the
underlying chocolate coloured marls, and are those sanistones
which were traced from Ham Farm to Ox leasow Copploe. Owing to
their emall dip they create a wide outcrop of hexd rock which gives
rise to the high groumd of Hill Top.

Further south between the Knightwick Sanstorium enl the R, Teme
in the banks of the bridle track running beside the river (52/733567),
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petches of purple and light grey-green mottled micaceous and often
silty marls can be found. It is difficult todecide how far these
beds extend up the slope towards the Sanatorium, since a great deal
of Llandovery rock has slumped down over the mrls.l

5) Knightwick Station.

West of the station in Lord's Wood, the railway cutting
exposes Red Dowmntonian, On the south side of the track the beas‘are
purplish red merls with thin greenish marls. Theyexhibit a steep
dip with minor contortions to the N.¥W., but this is probably false
since a great deal of the marl hes slumped down the dank, On the
opposite side of the cutting, a few thin bands of impure limestone
occur, which appear to have mo counterpert on the slumped bank of
the cutting,

8) Credley District.

380 yards south of Barrow Mill, Iongley Green in the banks
of Cradley Brook (32/732496) is a 10 foot exposurs of purple merl
speckled green in places, with abundant mica. The whole seotion is
overlain with drift materiel,

Halesend Quarry (52/7368487) showed the basal members of the
Downton Cestle Sandstone ineluding the Bone Bed. The nature of
these beds is described in a section of Halesemd Quarry given
under the section on Upper Iudlow (see page 50 ).

Further south no evidence of any Red Downtonian was found
except for minor outcrops in the banks of Cradley Brook since the
majority of the Downtonian is covered by drift.

1. Hollingworth op.cit.
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7) Mathon District,
Within this area lie a few excellent disused quarries
exposing the lowest beds of the Downtonian.
i. Beg burrow Wood. (52/749454)
On the roed between Stockton Coppice amd Mathon Court

two disused quarries show a yellow to brown thin bedded micaceous fine
sandstone, These are described in Phillips' work.l
ii. Brockhill Quarry (32/757439)

This has been described by Fhillips: and Stamp .
The section of the Downton Castle Semistone is described below.
West Dip 52°/266.
a. Yellow, sometimes brown or purple fine smdstone,
well bedded sometimes almost flaggy. Micaceous
with thin soft sand partings ' . 15 feet,
b. Surface covered with carbonsceous material,
most likely plant remains.
c. As for first fifteen feet. 1 foot.
&. Flaggy to laminasted fine yellow to brown
occasionslly purple sanistohe, Beds thimning
eastwerds or lownwards. 6 feet,
e. Similar beds to those described in the
first fifteen feet. Bedding plenes
covered with cerbonececus material _ 13 feet.
f+ Thin bedded marly siltstone, yellow to
brown. 4 feet,

1. Phillips. Op.cito po98 3. stﬁnp. L.D, 1923. GOOIQMO
3. Fhillips. op.cit. p.97. Vol.IX. p.567-570
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¢. Fani of ferruginous Sandstone with large

Camarotoechia mucula (Sow, )

h. Well be¥ded hard grey to yellow-brown
siltstone or very fine sandsbone with
thin banis of soft sand. Very often
current bedded and raythmically hedded.

Canarotoechia nucula,

i. Cbscuresi. 8 feet,

j» Thin beided soft yellow-brown sanistone.
k. Bone bel represented as a thin sheath of

carbonaceous material and rolled phosphatic vellets.
Purther south deift covers a2ll the Red Downbonian and even

the Downton Castle Sandstone and by Hereford Beacon parts of the

Upper Iudlow,
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CARBORIFEROUS.
The only members present of fh:ls gystem are the Coal Measures.
- They ocour in the area under discussion in four main distriotd:-
a) Kingswood and Ladywood Commons, Great Witley,
b) Woodbury Hill, Great Witley.
¢) Berrow Hill, Mertley.
4) New Inn, Storridge.

a) Kingswood and Ladywood Commons, Great Witley - Hillside Measures.
The beds in this locelity were first desoribed by Groom'. He
showed them to be synclinally folded and stratigraphicelly equivalent

to the Ooal Measureg of the Mamble Coalfield to the north., V. Kingz
later contredicted Groom's ideas and stressed the lithological

similarity of the Woodbury and Hillside Measures, concluding that
they formed part of the same sequence. Although King noted several
steep dips in the Kingswood district, he 4id not accept that they
were synolinally folded. Hollingworth® reintroduced the synclinel
theory, but this was again repudieted by Faleor® who in principel
returred to the ideas of W, King, In 1951 W. Mykurs’ gave an account
of his mapping and concluded that the Coel r*asnres were synclinally
folded, but did not represent a conformeble series as Groom had

suggested.

1, Groom, T.T. 1910. Geology in the PField. P.173-6,

2. King, W, 1923. Worcestershire Field Club. -

5. Hollingworth, S.E. 1936. Summary of Geological Progress p.45
4, Fﬂlﬂon’ N.L- 1947, Geo:.o)‘ago Vol, IXOXIV p.229°240.

5. Mykura, W, 1951. Geol.Mag. Vol. LXOXVIII p.586-392.
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The general 1lithology of the beds consists of a celcareous
bassl conglomerate overlain by buff and yellow clays with several
coals and ferruginous sanistones. A thick sandistone occurs nesr
the top of these measures and Mykura has reported a Spirobis
limestone in the Ellbetch Wood district to the K,V.

The basal conglomerate consists mainly of eltered ignecus
material, mulstone and limestone, Downtonian sandstones and
siltstones occur but are generally of a larger size. Although
most pebbles are sub-angular, the mudstones and sandstones are
frequex;tly well rounied, The matrix is calcarecus, usually blue-
grey in colour amd there are sometimes irregular ochre browmn
patches indiceting the mresence of ferruginous material. The
conglomerate is reesent everywhere and is well exposed in the two
stream cuttings to the narth of Hillside Farm where dips sre nearly
vertical and the bed rests with appsrent conformity upon the
Downtonien. To the north in Ellbatch Wood, however, Mykura reports
an angular unconformity of 30° between the Downtonian and Coel
Measures which suggests that the Downtonien was locally folded
pricr to the Coal Measure deposition,

Following the conglomerate ere varying thick;wsses of greye
green grits snd red and purple siltstones and marls, but in general
clays soon replace these besel beds containing bands of high lustre
coal, In Ledywood Common a 70° dipping 2'6" coal sesm cen still be
found in a large pit formerly dug by the local people. The coel is
well jointed, has a high lustre anml appears to be of good quality.
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There is o seat earth of pele grey clay ard a roof of carbonececus
dark grey shale succeeded by buff clsy., This coal seam can be
mapped over Short distances since it crestes a dark stresk across
ploughed fields,

Groom! suggested that the measures forming the Kingswood
syncline belong to the lowest d_ivision of the Highley or Sulphur
Coel group of the Mamble and Wyre Forest Coelfield. Mykurs® , however,
recognises an unconformity within the Coal Measures of Kingswood and
suggests that Middle Coel Measures (Kinlet Group) might be present
and form part of the beds seen, The present author's evidence,
however, is inconcluaive as to the age of the beds and he therefore
accepts the beds as being (at least in part) Upper Coal Measures
as deduced by previous authors,

b) Woodbury Hill, Great Witley.

These m asures outcrop afound the south-western side of
Wooibury Hill and appear from the mapping to 1li¢ unconformebly upen
the folded Silurian rocks. Mykurs® proved by a series of auger holes
that the coal measures were more extensive end crop out farther to
the east than hitherto mapped. He also showed that the measures
consisted of conglomerates, grits, yellow clay and ochreous sandstone,
Apert from fragments no other evidence of the measures could be found
except for the remnants of two disused shallow pits.

1. Groom,T.T. 1910. Geology in the PField. p.173-6.

2. Mykura, W, 1951. Geol.Mag.Vol, IXXXVIIXI p,391.

S. Mykura, W. Information communiceted to me verbally.
See also map on page 387, Geol.Mag, Vol. LXXXVIII.
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W.W. King has recordel a 2-5 foot conglomerate exposed in a
trench, but gives no locality. A 6" coel which has been mined hes

been stated to occur near the top of the ser.ies% W. W. King also

stresses the lithological similarity of these beds to those found
to the west, the Hillside measures.

From measurements taken from the map, it is estimsted that
the Coal Measures here have a thickness of 50 feet. This 1s not
necessarily the true thickness simce there is no proof that these
beds are not folded (see page 102 ).

Mv.zrc_h:l.son2 records an exposure of Coal Measures at Walsgrove

Quarry (32/744660) and states: "Grits of tle Cosl Measurea adhere
in broken patches to the side of the elevated mass and small

troughs of coal have been worked out in the Aepressions on the
eastern side of the ridge." Coal Measures camiot be found in the
querry now and it is suggested that they have since been eroded away,

or s Grocms suggested, been mistaken for Downtonian shale.
c) Berrow Hill, Mertley.

Several small patches of Coal Measure clay appear between
Kingswoold Common, Martley anl the southern end of Berrow Hill
(33/745599, 52/745596, 52/745592, 52/743587, 32/742583). Records of
workings for coal on the western flank f Berrow Hill are found in
the writings of the earliest workers in this aistrict4. The sites of

1. King, ¥.W, 1923. Worcegterghire Field Club,

3., Murchison, Sir R. 1839 "Silurian System". ».421,

3. Groom, T.T. 1910. "Geology in the Field". p.724,
4. Phillips, J. 1849. Memoir Geol.Survey.
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these workings are still to be seen, but are now completely
overgrowry thick vegetation. Evidence of the measures, however,
is still to be seen in sheep tracks and the marshy, badly drained land
formed by the clays.

The clays are grey, red and yellow when ffesh dut quickly
weather to a duller colour with a more brittle textnwe,

The most northerly patch (32/745599) veveals & 4 foot section
:j.n a cutting on the fenced track 300 yds. northesast of Birch Hi1l
Coppice. The clays here appear to be horizontal ani of a similer
type to those already described. Recent clearing of the lemd to
the north by Iadywood Common, Martley, has shown grey cley to exist
here tooc.

Hollingworth' writes that emger holes have rroved the existence

of Coal Measures surrounding the Martley syenite exposure and
further, the Measures ococupy a strip of lamd 50 to 40 yards wide

running to the scuth between the Downtonian merls and Triassic
sandstone. Towards Berrow Farm the strip widens and the measures
seem to be conformeble with the Downtonian.

No macro~fossils have been found, but by extracting e large
muber of cley samples with boiling caustic sola and sieving, a
few micro-fossils have been identified, they inclule:-

Bchinoderm fragments,

Small shells, possibly the initial stages of gastropods.

The presence of Echinoids suggests open sea conlitions

1. Hollingworth, S.E, 1937, Summary of Progress. Geol.Survey
Pe B4,
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contrary to the deltaic facies assoclated with Coal uem
deposition., No conclusion, however, is proposed since the
appendages might be derived material.

4) New Inn, Starridge.

A small patch of Coal Mesasures occurs at the southern emd
of Storridge Hill in a little stream close to the New Imn, on fhe
road between Storridge amd Worcester (32/750494). Murchison stated
that coal was once worked near 014 Storridge M1T' but Phillips 414
not mention them at all,

These bdeds conslist of a light grey and yellow clay aulling
on weathering, There are mmerous inclusfions of carbonaceous
material, possidly plant remains, but the bedding of this mass
could not be discerned,

The relationship of this clay with the adjoining Silurian
Wenlock Shale is not clear, but the Keuper Marl appears to lie
conformebly upon the Measures, although no great importance is
attached to this exposure since the Clay anl Marl appear to have
slumped down over the steep banks of the stream. There d0es not
appear to be any breccia between the Carvoniferocus and Triassic
deposits as might be expected from accounts of other exposures of
the Boundary Psult (see page 179).

1. Murchison, S8ir R. 1839, "Silurien System". p,135,
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PERMD - TRIASSIC,

Within this chapter sre described the following farmations:=
4) Keuper Narl.

5) Keuper Sendstone.

2) Bunter Sandstons.

1) Haffield Breccise.

1) Haffield Breccis.

The breccie consists of stratified subeanguler fragments
up to 18" or more in length of pre-~Cambrien gneisses, and
volcanic rocks; Silurien limestone (most of it resembles Wenlock),
sandstones and shales; and purple and green grits and sandctones of
01d Red Sandstone ege all cemented in a matrix of red sand and sandy
cley. The fragments are frequently. steined with iron oxide and
are, in genersl, poorly grasded, although there does appesr to be a
tendenocy of gradation near the top. -

The origin of this breccia and similer beds that are exvosed
in S, Steffordshire, has given rise to some discussion in the pest.
The core of the Mplvernien Hills is com;;osed of pre-Canmbrian

Voleanic rocks and Murchisonl » knowing this snd being aware of the
close cornection between the Malvern and Abberley Hills, erd also

the composition of the breccies, supposed the outcrops of the

breccias to be evidence of g similar pre-Cembrien core in the

Abberley Hills. He called the rock "Trappoid Breccie" in

recognition of this. This explenation does not account for the
1. Murchison, Sir R. 1854 "Siluria®.
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stratification very setisfactorily end later writers attributed the
breceia to glacial action, the view being also upheld by the diversity
of the size of the narticles.

The modern theory is to interoret the formations as a deposit
lail down by swift temporary torrentsg off scree material that has been
split off from the rocks of desert regions. It is possible that
large dlocks up to 18" could have travelled 15 miles from the present
vosition of the Malvernian, but hills, now buried beneath the
Triassie, much nearer the deposits, ma have been the source of
these brecocias.,

The age of the breccia is still disputed and in the absence
of fosslle only broed limits can be given to the formation'’s age., On
Woodbury Hill the breccis rests on the Upper Coal Measures. The
uncouformity between the brececla and the Upper Coel Measurss has
been ghown by W. W, King to be represented in South Staffordshire by
more than one thousend feet of ssndstone, marls, ete., in some
places king adds that at the ton of these Staffordshire rocks is
the Clent Breccie, similer in composition to that at Woodbury,

Fleet2 carried out an investigation of the heavy minerals of

the sanily matrix of the Clent Breeccia anl the breeccias of the
Abberley range, He ghowed the breccia of Alfrick to be different
from those of Enightwick, Berrow, Woodbury ani Abberley in thet
the Alfrick deposit was devoid of celcite, but all had an overall
resemblance in mineral content to the Clent Breccia ani were
presumably the seme age. In the present author's mind this is

fallacious, as any serece deposit would contain 'the same suite of

1. Ki'g ?"‘WQ 18990 Q.J.G’os' DO]-O]..
2. Flee%a W.F. 1927, p.g.A, v.1,



71.

minerals, proviled that the gorees were derived from the same sort
of rocxs, irvesgpective of time of eroéion of the hills. The author
suggests that screes of the seme material might be formed over large
time intervals.

Groom! states that the brecois of Osebury Rock (immediately
south of R, Tems) is overlain with appsrent conformity by Uoper
Bunter Sandstone, Groom claims that the fact that the Haffield
Breceia of Knightwick shows no transition into the sandstone inlicated
thet the breccia cannot represent the variable base of the Triassie
in this aree, unless this breccia represents a Triassic horizon
lower than the Lower Bunter which rests unconformably uvon Haffield
Breccla in other localities., Careful investigation of the boundery
between the breccia and the sanistone, however, reveals that there is
a complete upwerd trensition from the breccia. This is clearly seen
in the road entting opi:osite the two small cottages 500 yards N.E,
of Xnightwick Station. The normal Osebury tyoe of Haffield Breccia
(see description below) dips at 17° towaris the S.E. and throughout a
vertical thickness of 12 feet the metrix becomes more senly, both
the mumnber and sige of the pebbles show o steady decrease, until it
rasses upwards into normal Bunter Sendstone., A lenticuler bani of
gandstone occurs near the top of the brececia. Under no olrcumstances
can this exposure be interpreted in the light of Groom's explanation
which is, therefore, rejected.

If Groom's identificetion of the overlyving sanistone as Upper

Bunter in ege is correct (Groom, p.187), then the Haffield Breccie
1. G‘room" TOT. 1900. QOJ‘GOS. p.189.



of Osebury Rock might be partly or wholly of Bunter sge. This evidence,
however, is insufficient to give an exact age to the Haffield Brecocia
and the only conclusion that can be arrived at is that it is poste-

Coal Neasures and pre-Keuper Sendstone.

It must be added that the breccia of Osebury Rock is somewhat
different from exposures of brececia found in other localities. That
of Osebury has a tougher and darker metrix than those breccias foumd
elsewhere, although the included fragments have the same composition.
Thus, conclusions arrived at for the Osebury breccia are not
necessarily applicable to the bdreccia of other ocutcrops., It might
be that these softer aeposits represert hovigons stratigraphically
lower than this herder vﬁlriety. An alternative view is that the
Haffield Breocia.may represent a Giachronous facies whose age is not
identical in separate areas, but whose total Pormgtion life may be
comparatively large.

Occurrence,

There sre eight principal exposures of Haffield Brececia within

this area:

a) ¥Woodbury Hill,

The breceia here prests unconformebly on the Coal Measures.

Most exposures give little indication of stratification, but the
breccia in an 014 pit neer the roed junction at the north emd of
Woodbury Hill (32/750654) shows signs of irreguler bedding.
Alternate lenges of sandy material ani ungreded larger fragments
may be seen within this smell pit.
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b) Berrow Hill.

Here the breccies forms the elongated mass of Berrow Hill
rising sharply above the surrounding Downtonian and Triassic beds,
lying with apperent unconformity upon the Coal Measures., No large
exposures were seen except for an overgrown pit 9.8.W. of Berrow
Hi11 (32/742561) which showed strats similar to that described at
Woodbury Hill., Caleulations from stratum contours on the mapped
boundary of the hreccia show that the base of this bed dips at about
20° in the airection 105°,

c) Collins Green,

Mention iz mede elsewhere of this exposure under “Struoture®
Do 122 208 all that need be added is that there is no evidence for
the continuity of the outorops of breeccia at Collins Green ani Berrow
Hill as indicated on the 0ld Series Map of the Geological Survey
(sheet 55 S.E,) which shows a thin continuous strip of brecoia between
the two. A further comparison with this seme mep will reveal that the
Collins Green outerop, as mapped by the writer, hes s considerably
shorter southerly extension then is shown by the Survey., A good
exposure of this patoh of breceia is to be seen in the quarry within
Tinkers Coppice (32/740874).

4) Knightwick Station.
The rock of this locality forme the eminence of (gebury
Rocks which rise to a height of from 150-200 feet above the River
Teme. This rock is tougher end darker than those found elsewhere
and this is attributed the dark red haematitic matriz of the treccia
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which mekes the rock pertiowlarly registant t- weathering, The
vebbles renge from a fraction of an inch to 18 inches, eredim %o
larger sizes upwards. Thue as one traversges along the face of Qsebury
Rocks from N.B, to S.W. the average size of the fragments incresses
since this face shows progressively younger rocks in this direction.
The breccia dips at between 15° and 65° in a general lirection

of 135°. Estimetes of the thickness of the beds are uncertain since

it is impossible to tell whether the formetion is faulted, but
zgguming no faulting, drawn sections show the breceis to be 400 to
450 feet thick,

e) Ravenhills Green,
This patch of Haffield Breccia has not been described by

previous observers. It is situated 300 yaris S.W. of Ravenhills Green
(32/738840) lying with epperent unconformity uvon Woolhooe Limestone
and aldjecent to the XKeuper Sanistone, There is very little evidence %o
show the nature of the 1ip of this patch since its area of outeron is
smell, |

f) The Bridges Stone Locality (32/749522)
The Haffieli Breccie forms a nsrrow outcrop faulted between

the Silurian to the west and the Tria ssic sandstone %o the east,
It it well exposed in ani sround Leigh Brook, but away from the
stream the outcrov is masked by superficial Arift levosits, so its
extent cannot be stated with certainty,

The junction betwsen the breccis and the sanlstohe can be

seen in the roed section sbove Knepp Farm, the brecoie's Aip is £5m70°
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W.S.¥. whereas the sendstone is dipping 10=20°E.N.E. The breccia
is weathered to a yellowish colour at the junction, which suggests
that the sandstone wae deposited unconformebly upon an eroded
brecele surface, but in the light of other evidence, it is much
more probeble that the junction is faulted (see p.148 ),

Exposures at fhe side of the path leading from the road Aown
to the brook show the breccias to be dipping at 35-70%,N.W,, whereas
in the stream section, the dip is 80~-90 B.N.E, Inlplaces, there
ococur bands of purplish and greenish grit with flattened pebbles,
which appeer to have no counterpart at Knightwick. Most significent
is the presence of a small ratch of sandstone which lies unconformably
upon a weathered surface of brececia. At one point, the sandstone
is clearly contorted, but e_1sewhere there apvears to be no

irregulerities in the bedding.

g) ¥hippets Farm Tocality. .
Above Whippets Farm on the hillside there is a small

irregular deposit of Haffield Breccia (32/762488). The pebb'es
ere quite similar to those founi elsewhere, but the metrix is of
soft orange to deep red unconsolidated sandy meterisl, often with
a small percentage of cley.

h) North Hill.
No evidenoce of this patch of breceia could be Tound,

but Phillips reported one on North Hill. It has most likely besn

eroded away.
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2) Bunter Sandstons.

Aecoriing to Groom} the sandstone overlying the Haffield

Breccia ".., agrees in every way with the Upper Soft Red Bunter
senistone of the surrounding districts of Worcestershire generally™.
Groom states that the absence of the Lower Mottlga Bunter Sendstone
and the Pebble Beds is characteristic of the whole Malvern renge of
hills, throughout which the Upper Bunter Sandstone appears to
represent the base of the Triassic deposita. The present writer has
no such extensive knowledge of the Triassic deposits of Worcestershire

ard is therefore unable to comment upon this similarity.
Some 300 yards N, W, of Knightwick Station in the "Gravel Pit"

(32/735553) on the northern edge of Lord's Wood, there is an exposure
showing 25 feet of Bunter Sandstone dipving 17°/165°, The dcminant
bedding of the sanistone is messive, but very fine current bedding’
is also shown, The sanistone is bright red to orange in colour

with coarse, well rounded, loosely packed grains, having a high

content of weathered felspars.
Although the roed cutting gives an almost contimuous exposure

throughout the sandstone, dips are difficult to obtain owing to the
felse bedding, It will be seen from the map that the overall 3ip

is in a direction 120°,
Assuming an average dip of 20°/120° and no feulting, an

avproximete estimgte of the thickness of this Buuter Sandstone

outerop may be given as 300 feet,
The only other ococurrence of this formetion is that reported

by A.M, Davies in which he states having seen a face of Archaen rock

1. Grm’ TQT. 1900. QotToGoSo VO]..LvIo P01860
2. Davies, A.M, 1947, Geol.Mag. Vol.IXXXIV. p.320,
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plastered with what appesred to be Bunter Sendstone, The locality

was uncertain and the exposure only temporery.

3) Keuper Sendstone,

These comprise loosely cemented mainly dull brick red semdstones,

but pinkish white and dull white gandstones can also be fourd, It
differs from the sanlstone described as Bunter in that it {s much
duller and the grains exhibit an angularity which in no way resembles
the well rounded Bunter grains. The sandstone is fine grained and
current beided, The graing are of variable composition and often
contain & little mica.

As seen in a quarry the rock is gerrally messive bedded with
beds up to 10 feet thiek; other beds, especially those near the
top of the formetion are more flaggy and are separated by thin beds
of red marl, Conglomeratic lenses containing quartz pebbles and ehips
of marl are present in the lower part. Certain parts of the sendstone
have fissured ard the fissure3/Infilled with semd and calcite. When
weathered such fissures stand out in relief from the normesl sandstone
which has a predominently ferruginocus cement. Honeycoub weathering
has been produced where sets of these fissures intersect.

A white, fine grained false belded sandstone ocours tovards

the top of the sandstone ani has been extremely useful in tracing the

2

boundary between the sandstone ani the overlying Keuper iarl, Fhillips
also recognised this horizon in his "Newent Sandstone and Conmglomerate"

where he estimates it to be about 10-20 Peet thick.
1. Fhillips, J. 1848, Memoir Geol.Survey. p.114 & 116,
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Towards the bottom a breccia ocours which is composed of
angular fragments of sandstone and other rocks set in a metrix of
soft red sanmistone, This is often referred to as the Xeuper Breccia.
Occurrence and Details of Exposures.

a) Great Witley Digtrict.
Keuper Sandstone is found to the N.W, of a line joining

Woodbury Hill and Redmarley and bounied on the west by the older
rocks. PFurther exposures lie in the east around Witley Court.

Beds exposed in the road cutting 300 yards west of the Hunired
House (32/747662) and in o small pit 150 yards east of the road
cutting (32/749662) show a dark red, fine grained current bedded
massive sandstone. Small {ragments of a similar type wefe found
Just narth of Walsgrove Farm.

b) Martley-Berrow Green Digtrict.
The best exvosures of the sanlistone within this

district are to be founl around Mertley,

The roed section between Martley village and the Noak (32/752602)
shows how the sanistone grades up into the overlying merls. Opposite
the "Tan House", the road section shows lenticles of fine conglomerats
up to 18" in width., The pebbles in the main are composed of altered
igneous rock, limestone and mudstone and sometimes aftein a size of
3%, Besiles the lenticles there sre persistent banis of celearsous
grit which stenl out in pelief upon weathering., Quarries to the south

of this roed show a similar type of senmdstone, the rock being
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Particularly massive in some cases ani with coerse joints. The
road ocutting opposite Martley school also shows a type common to
that just described.

300 yards N,E, of Bireh Hill Gravel Pit there is a small
disused quarry or pit (52/746600) comtaining a messive white to
pink fine ourrent beided sanistone which passes downwerds into
the Adull red common variety. Within 30 yards of the white smastone
purple spotted green marls were found, From this evidence it is
assumed that the sandstone just deseribed represemts an horizon near
the top of the Keuper Sendstone. This assumption has been verified
by examining other exposures of the same rock.

Other small exposures of Xeuper Senistone have been found in
lane cuttings dy Kingswood Common, Martley, in the lenes immediately
to the south of Mariley ani in those lanes to the east of Berrow
Green. In the last named,another exposure of the buff and white
sandstone was found which mst have represented the uppermost
Keuper Sardstone since purple marl was found within 100 yards of this
sandstone exposure,

215 yards W.S.W. of Nipple Well in a small stream cutting, a
massive fine grained grey-green sandstone weathering to the usual
dull red colour is seen, Within the sandstone are embedded lenses amd
bands of conglomerate, The pebbles comprising these lenses are sub-
angular and meinly composed of altered igneous material very similar
to the fragments of Haffield Brecela. The fragment siszes range from

28" to 7" with 1" as a common size. In general thege pebbles are
larger than those found elsewhere within the Xeuper Sanistone,
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o) Knightwick Station,
In this locelity e lower horizon of the Keuper is recognised,

that of a bzl'eccia. These brececias are best seen by the railway
bridge (52/738552) in the road ocutting. |

The breccias bear a most striking resemblance to the Haffield
Breocla of Osebury Rooks, both in their pebble content an3 in their
surrounding matrix which is, however, rather brighter in colour and
more sandy in parts than that of the Haffield Preccia. The most
common fragments are the fine licht coloured voleanic ashes which
ere so characteristic of the Haffield Brecoia. Groom! has observed
that the Keuper breccias conlain a greater proportion of quartzite
fragments than do the Haffield Breccia, but the writer has failed to
prolduce any evidence in support of this observation,

The sandstone often 1ies with epperent unconfarmity upon the
underlying Keuper breocia. This is admirably shown in the road cutting
desoribed above where the surface nstween the breccia and sandstone
is irreguler, possibly representing an old lani surface, The-base
of this sardstone oontains meny fregments of the underlying breccia.

4) Bridgss Stone Locality.

The Keuper Sandstone forms & strip of rock edjacent to
the Silurian, stretehing from Upper House Farm,Alfrick, to Long
Coppice, 0ld Storridge. Typical messive, brick red, fine sub-angular
grained Sendstone forms a cliff by Knapp Farm which is very similar

to that fourd at Knightwick Station,
1. Groom, T.T. 1900. Q.J.G.S. Vol. IVI. p.186.
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Exposures found in the lane running by Knapp Farm show
a similar sandstone intercalated with thin bands of dreceia.
Just south of Patches Farm in the seme lane the breccias forn a
prominent ridge with a N.W. - S.E. strike.

West of Long Coppice by Upper Sandlin the white sanistone which
is typical of the Upper Sanistone series can be found.

e) Forth Hill, Malvern and Whippets Farm, Cowleigh Park,

Two patches of typical Keuper Sanistone were found:-
1) Immediately east of the Haffield Breccia exposure above
Whippets Farm, Cowleigh Park (32/753484).
ii) Plastered on the fault plane of Archean in the quarry on

the Great Malvern = West Malvern roed (32/769471).

4) Xeuper Marl,
The Xeuper Marl is a chocolate coloured marl with variegated

bands of grey=-green merls and grey, red and white sanistones called
“Skerries"., The term "marl" appears to be a misnomer since the
marls contain very little calcareous matter.

Good exposures are few, but the marldposition is easily
recognised by the heavy choeolate coloured soils which characterise
its outcrop. 1In generel it forms flettish land with ridges of the
more resistant skerries.

Qecurrence and 'Detq.ils' of Exposures.

The %Xeuper Marl is seldom far from the Silurian rocks and

ocours wherever the lower Ksuoer Sanistone is absent, Only the

more important outcrops will be listed below.
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i) Witley Court, Great Witley (52/757648)
A ‘short sequence in the transition beds at the base of

the Marl is exposed in a small pit, 300 yards S.W. of Witley Court.
Silty Madstone,
6" Skerry - white compact sandstone with carbon fragments.
3' Dark Red lamingted siltstones consisting of alternate
argillaceous and silty layers.
1" Dark red Sandstone,
Red Madstones.

i1) Knightwiok Station (32/738551)

The railway cutting by the station and in the embankment
on the roaiside just outside the statibn, shows the transition
beds and chocolate merls 3ipping to the S.E.

111) Belmont Brickworks, Malvern. (352/770475)

These disused works show a cliff of red amd green Keuper
merls., The green marls either ooccupy regular bands within the red
marls, or sppear as blotches in the red deposits. Step faulting with
small downthrows to the east can easily be seen,

iv) The Reilway Cutting, Malvern Wells. (32/774436)

These deposits are exactly similar to those described at

the brickworks.
Thickness of the Keuper,

Owing to the formations being incompletely exposed, it is
impossible to calculate the exact thickness, FPhillips suggests a
thickness of 400 feet for the sanmistone and about 750 feet for the

marl. The Martley road cutting reveals at Past 250 feet of sendstone.
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POST TRIASSIC,

Under this hesding, the rocks of Fleistocene and Recent age
are @mm. In the course of field work only the present day
alluvium of the River Teme and Cradley Brook was mapped, ignoring
the higher terraces - "Bead"ldeposits covered patches of low lying
ground in the vicinity of Woodbury Hill., Drift of a red sandy clay
gravel was often encountered by Bridges Stone, Alfrick, Credley
and particularly in the Colwall district.

1, Hollingworth, 19420. Geol.Mag. p.21l4,
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STRUCTURE AND TECTONICS.
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THE KIIGSWDOD SYNCLINE,

This structure lies I mile west of Walsgrove Hill and extenis
from immediately 8.W. of Hillside Farm, Woolbury, to beyond the
Great Witley - Bromyard Roed.

The Downtonian and Upper Coal Measure strata west of Walsgrove
Hill are folded into an asymmetrical syncline with a steeply dipping
and sometimes inverted eastern 1imb, and a western limb with o small
dip. The synclinal exis here correesponis with the outerop of Coal
Messures and strikes N, - 8. Superimposed on the western limb is a
subsidiary anticline whose axial trend is also N. - S.

The relationship between the Downtonian and Coal Measures has

1, 2
been & matter of dispute in the past. Briefly, there are those ~

who think it to be an unconformebly junction with the Downtonian
strata folded prior to the deposition of the Coal Measures, the
steep dips in the Carboniferous being only superficial and attributed

to slumping. The other school of thought>’? recognise that the Coal
Measures are folded with the Downtonian. Mykura suggests that although
there is apparent conformity between these two beds at Hillside,
Woodbury, farther north in Elmbatch Wood an angular unconformity of
30° can be seen which suggests that the Dowatonian wes locally folded
prior to the Coal Measure deposition., The present author's evidence

1. Palcon, N.L. 1947, Geol.Mag. Vol IXXXIV p,229-240.

2. King, W. 1923, Worcestershire Field Club.

3. Groom, T.T. 1910, "Geology in the Field" p.173-6.
4, Wkura, W. 1951. GeOJ-omg. Vol . IXXXVIIT 9.586-592.
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shows:-

1) No discordance of dip between the Downtonian and Coal
Measures as séen in three stresm seotions along the eastern limb of
the structure.

2) The basal members of the Coal Measures are practically’
vertical, One stream section showed a 12 foot higch conglome rate
with no alteration in dip over its length. Soil creep would probadbly
cause the beds to turn over near the ground surface.

5) The coal seam mentioned in Mykura's paper! was visited anmd
the exposure showed the bed to be dipping at 70° , the pit was
surrounied by flattish ground,

The author, therefare, concludes that the Coal Measures were
folded with the Downtonian, although miner flexuring might have
occurred prior to the deposition of the Measures,

The Downtonian - Coal Measure contact on the western limd
dips at between 5-30° but does not map as a simious line over the
relatively deep valleys (100 feet). It is suspected that there might
be a N, = S. strike fault along this western contact.

Sunmery,

1) The Coal Measures and Downtonian are folded synclinally with

& minor antiecline on the western limb,
2) There is apparent conformity between the Coal Measures and

Downtonian within this ares desoribed, ,
3) There is a possibility of a N, = S. strike fault along the

western side of the structure,

1. Mykura, W. 1951. Geol.Mag. Vol.LXXXVIIT p,386.
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WOODBURY ANTICLINE,

The author has given the name of "Woodbury Anticline" to that
structure which has been mapped between the Bromyari-Great Witley
road and Hillside Farm, Martley. Thus it is secen from the map that
this structure is a little over 3 miles long and never exceeds 1l
mile in width.

It is convenient at this voint to consuli the map on page 2297.
This map shows the main structural units of this Jistrict, these may
be sumarised as follows:

1) The folded foreland.

2) Pirst thrust mass of Aymestry Limestone ;na Lower Iudlow -
Shales.

3) Secomd thrust mass of Wenlock Limestone anmi Wenlock Shale.

4) Unconformeble area of Haffield Breccia.

Considering firat that portion of the structure west of the
thrust masses (1 above).

An inspection of the dips within this part of the étruoture,
particularly those in the Wenlock Limestone and the northern part
of the Aymestry, suggests that the anticline is overfolded, with ite
axial plane dipping to the east, ani the weatern limb partially

inverted.
Congidering the western limb in detail, we mee that the

competent Hpper Iudlow and Aymestry Limestone is dipping at 60°
to the east, i.e., inverted at Walsgrove Hill. Further south the

limestone becomes less inverted until it becomes vertical at Pudford

Hill and 40° W. Just south of this. This apparent rotation of the
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western 1imb as one proceeds from north to south along the present
day erosion surface may be due toeither a pitch in the £0ld, or an
actual rotation of the axial plane,

The present day erosion surface repreésents an spproximate
horizontal plane through the structure, anl inspection of the
pattern the western limb makes on this plane gives us the idea of
the s01id form of the overfold. It is noted that:

&) The main Aymestry Limestone outorop farms an elongated
letter "S" in plan view. '

b) The positions where the Aymestry Limestone is furthest
west (1) Walsgrove Hill and (ii) Pudford Hill, represent areas
where thrusting has been particularly active, and further in these
areas the limestone is overturned.

Thege conditions might be satisfied by:~

a) A southerly pitching enticline from Walsgrove Hill to
Rodge Hill and a steep northerly pitch from Rodge Hill to Hillenmd.
This is true if the apicel portion of the £old is considered (see
diagram on page 228 ).

b) A northerly pitching anticline from Walsgrove Hill to
Rodge Hill and a steep southerly pitch from Rodge Hill to Hillend,
This is the opposite to (a) and would necessitate considering
the besinal portion of the fold (see Aiagrem on page 228).

e) A fold which is not pitching perticularly in either
direction, but whose surface of the axial plane is simuous, bulging

westwards at Walsgrove Hill and Hillend,



89,

It would require more information concerning the eastern
limb to decide the exact nature of the fold., As this data is not
visible at the surface, the present writer coﬁa:laers solution (c)

to Bést fit the facts observed.

Eastern Aymestry Outerop.

To the east of the main Aymestry outcrop, an 1nterrupt§d band
of the same limestone is found dipping to the east., It has in the
past been held that this eastern band forms the normal limb of a
tight isoclinal fold whose axial plane trends through the Lower
Iandlow Shales outcropping between the two limestones. The following
evidence shows that the "eastcrop" is itself inverted.

1) No Upper Indlow beds have been found to the east of this
outerop, only evidence of Lower Iawdlow Shales was found.

a) 900 feet N.N.E., of Easthope Perm less than 100 feet
ﬁelow_the Aymestry Limestone (32/744652)

D) 1,700 feet N. of Basthope Farm, 200 feet below the
Aymestry Limestone. This small exposure contained light green
calcareous silty mudstones and occasional bands of nodular
limestone. A large corel found at this exposure hed its roots
uppermost suggesting that the beds were inverted. Fauna recognised
were Heliolites sp., Strophonella euglypha, Atrypa reticularis,
leptostrophia filosa, leptaena rhomboldalis, Crispella crispa,

Dalmenites sp. These beds resemnble in lithology those found
below the Aymestry Limestone in Woodbury Quarry (32/744654).
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¢) Mumerous holes drilled for telegrach poles to the N.E,
of Easthope Farm have yielded Lower Iudlow silty mudstores.

d) Two pits dug on the eastern flanks of the Aymestry
Limestone ridge to within 50 feet of the top showed no signs of
Upper ludlow beds as shown in Groom's sectio 1. These exposures only

showed typical Lower Ludlow Sheles. (32/743653)
e) 300 feet E.S.E. of Rodge Hill Perm two small vits

have been qug beside the track leading to the farm. These pits how
Lower ludlow Shales with an easterly dip, the tﬁe dip has been
distorted by soil creep,

2) In a pit 875 feet N. of Besthope Farm, that is a small
distance i‘éﬁ. of the limestons, Lower Ludlow Shales are found which
are quite unlike the calcareous silty shales immediately beneath the
Aymestry Limestone, but resemble in lithology those shales found just
gbove the Wenlock by Wallhouse Flantation (52/744653).

3) A bedding plane exposed in Easthope Farm Querry contains a
large number of Atrypa whose convex valves face westwards, The
lithology of these beds very often shows the presence of bottom
currents, which would be sufficiently st.rong to orientate the
pedicle valves to a more steble position, i.e.,, convex uppermostz.

4) Resitivity traverses cerried out across the Aymestry
Limestone eastorop, revealed a series of profiles suggestive of a
limestone band sandwiched between shales, the high resitivity of the

1. &‘m, T.T. 1900 QoJoG'oSQ Vol.LVI, p.174
2. Shrock. "Sequence in Layered Rocks" p.514 et seq.
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Upper Tudlow beds was absent, but was replaced by the lower value

of the Imdlow Shales (see p. 270).

The above evidence leads to the following conclusions:

2) The Lower Indlow Shales between the two Aymestry Limestone
outcrops forms an inverted conformable series unierlying the western
bend of limestone,

b) The inverted "eastorop" is bounded on its west by & fault.

The theory thet the eastern Aymestry Limestone outcrop is e
development of limestone within the Lower Ludlow Shales is not
seriously considered since the acceptance of this idee would
necessitate an abnormally thick Lower Iudlow series of at lesst
2,000 Peet,

Evidence for the direction of downthrow and nature of this
fault are discussed below,

East OQutcrop Boundery Pault - Easthope Fault,
Three possibilities are drawn to show how the "easterop” may

be fenlted, The first one (p.g23p ) with a downthrown eastern lime-
stone banmd is not seriously considered due to its unmusual low angle,
The second diagram on page 9230. illustruates two possibdilities with
a downthrow side on the west., The two alternatives are:

1) A normal fault dipping to the west.

2) A reverae fault dipping to the east.

Field evidence to substantiate the choice of the reverse fault
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is given below:
1) The occurrence of limestone at the surface by the normal

fault, in the position of the "eastcrop" and its persistence
laterally is too fortuitous. That is, any difference in throw of
the Pault would cause a comparatively large stratigrephical change,
whereas variations in throw on the reverse fault cause only =mall
stratigraphical differences (see diegramg mentioned above).

2) Results of compressional stresses are seen along the
whole length of the Malvern-Abberley chain, perticularly in the
Malvern district, where thrust amd high angle reverse faults with
N. -8, strikes cen be found, This strike fault would be considered
e direct effect of the forces creating the recumbent fold.

l5) Further evidence of compressional stresses is shown by the
number of transcurrent B, = W. faults founl along the “easterop"
which apparently do not affect the western outerop at all, although
north of Easthope Farm one of the faults has a movement of 600
feet horizontally. Such tear faults woull more likely affect the
banging wall than the foot wall.

4) Assuming the fanlt passing by Barrellhill Foarm and Lippedt's
Farm is a normal one (see p,101), the Aisplacement of the strike
fault is such that it 3ips to the east.

In Mykura's recent peper a section is drawn in which a
normel fault is thought to be responsible for the repested Ayme stry
Limestone. On this seme section Mykura recognises the presence

1. Mykura, W. 1951, Geol,Mag., Vol.IXXXVIII p.386-392.
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of minor thrusts in the Lower Ludlow and a thrust in the Wenlock

Limestom.
Summsrising, it is seen that the Aymestry "eastcrop® is faulted
from the main outerop by a reverse strike fault dipping to the east.

Walsgrove Hill Area.

In this region the tremd of the Abberley fold axis swings
from N. - S. to B, N.E, - W.8,W., the latter being the dominant
trend of the Abberley Hill structure.
On the hill itself both the main anl faulted eastern outerops
of Aymsstry Limestone appear, but the features they form are truncated
north-eastwards by a fault (see page 98 ).
Investigation of Waisgrove Quarry (32/745660) shows that inverted

Upper Ludlow bede and Dowvnton Castle sandstones 3dipping at 42°/114°
are faulted egainst Aymestry Limestone dipping st 75285°/200°, The

limestone must be considered inverted as the beds forming the N.W,

wall of the quarry yield sbundent Dayia navioule end the beds that

appear ebove this wall are lower horizons of Aymestry Limestone

togsther with the bands of white clay charecteristic of the lowsr

pert of the limestone. Outside the quarry to the N.W. fragmentséf

Upper Ludlow cen be found, this proves that the Aymestry is inverted.
The fault plane exposed in the quarry striies at 0600, but its

dip direction is diffiocult to decide, Close inspection of the querry's

south face shows that the fault probebly dips in roughly the same

direction as the dip of the Aymestry Limestone, This is the

conclusion that Grooml arrived at, amd fram ‘hig seotion of the quarry
1. m’ 7.T. 1900, Q.J.G.S., Vol.IVI. p.172.
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it appears that it was less overgrown than it is nowsdays.

Assuming the attitude of the fault is as stated above, it
follows that the Aymestry must be on the downthrow side (the veds
are inverted) thus making I+ fraciure o reverse one, This worild roke
it youghly pewllel to the Bestern Aymestry Limestone Boundexry Pault
Gegeribed in the vrevicus section.

Investigeticn of the Coal Measure = Downtonien boundary S.W.
of Walsgrove Quarry, shows no evidence of any fanlting as might be
expected if the Walagrove Quarry fault were ccrtimued along its
strike direction. Therefore,it is suggested that this fault's strike
curves to the south, roughly parallel to the bedding ard the other
reverse fault (Basthope feult , immediately east of Walsgrove Fill,)
The tracing of this faulf within the Downtonien is $mpossidble due to
the lack of exposures, tut it mey account for the thin development
of Grew Downténian.

In o W Direction, the Aymestry Limestone of Welsgrove Quarry
1s cut off abruptly amd it hes beern suggested by Groom® that the
fanlt plape exposed within the quarry, may swing to the N,N.E, and
terminate the limestone. Aymestry Limestone, however, mey de found
in tree roots etc., on the eastern flanks of the querry indicating
that no such curvature of the fault plene existe,

In the road ditch north of the querry Red Downtonisn merls and
sanistones dippihg at a low angle occur. The difference in dip
between these ani the teds exposed in the querry, together with the
fact thet the thickness between the Aymesiry and Red Downtonisn is

1. Groom, T.T. 1900 Q.J.C.8. Vol.LVI. p,175,
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greatly reduced, indicetes that a fault is present.

It is suggested that the N.W, trending feult that truncated
the limestone of Walsgrove Quarry passes west of this Darntonien
outcrop, and this purple marl belangs te the structure associsted with
Waelsgrove Farm.

South of Walsgrove Hill the Aymestry "eastcron" apparently
widens end changes direction from N, ~ 8. to N.E, = 5.W, Resitivity
traverses over this part of the Limestone suggest that a series of
teer faults might displace the Aymestry sinistrally. The Ay stry
"westcrop” might be feulted in the ssme way, esfhere are minor
displacements in the ridge of the main Aymestry -outcrop,

Sumeerising the structure of Walggrove Hill, it is seen that a
reverse fault curves round the N.W. side of the hill roughly parallel
to the strike direction of thg beds. The fracture exposed in the
quarry repeats pert of the inverted Davrntonisn and Ludlow sequences.
A section through this part of Woodbury Anticline ig shown on page 232,

The Walserove Farm District.

The ridges formed by the main end esstern outcrops of Ayre stry
Limestore ere trunceted immedistely west of Walsgrove Farm (32/745658)
to form rounded sovurs pointing N.E. It is sugpested by the
rresent suthor thet these Aymestry ridges have beer Paulted by e
N.N, W, = S.8,E, fracture.

The area ie bounded on the eest by the Malvern Bourdary feult
and on the west by the N,N.W, = S,S,E. fracture described sbove, The

erea is badly exposed ani four pits and two resitivity traverses
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were mede in order to help elucidate the seclogy. Summarising
its structure, it consists of a conformsble aeries of beds ranging
from the Downtonian to Wenlock limestone, dipping at between 50°-40°
to the N,N.W, with a possible strike fanlt in the Lower Iudlow to
sccount for this hed's exceptionally thin development, Bvidence for
the occurence of these beds is given below:

1. gggggggégf. This bed is presumed to exist in the wvery
north of the area by the brook and pond, since many fragments of a
niceceous purple siltstone were found in the numerous mole hills
and in a pit that was dug for drainage purposes, The =0il had a
characteristic deep purple colour.

2. Upper Iudlow Beds. Immedistely south of the pond mentioned
é’bove there is a maerked festure running E.N.E, - W.S.W, on which a
put was dug., Thls excevetion showed a buff to grey, thin bedded
micaceous siltstone, with shale partitions. The rock was stained
chocolate brown and yielded characteristic Upper Iudlow foseils,

nanely Camsrotoechis mucule and Chonetes striatellus. Between this

ridge and the edge of Walsgrove Farm orchard, there is a depression.
The only idea of what lies in this low ground wes from fragments
found in the roots of a large tree, These fragmeinss were also of
Upper Iudlow age similarto those deseribed above,

S. Aymestry Limestohe. Along the edge of the orchard a bend of

Aymestry Limestone is thought to exist, since:-
a) In the N.W, corner of the orcherd there is e smell
exposure of Aymestry Limestone with an approximste dip of 40° to
the N.W,, but this inclination may have been considervabtle altered by

hill ereep.
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b) A pit dug elong the northern edge of the orcherd revesled
herd blue Aymestry Limestone ot a depth of 5 feet.

¢) Two resitivity traversss :cross the supposed position of the
limestone revealed profiles similar to those obtained at Woodbury
Querry (see p. 269 ), with e "high" representing the limestone,

d) There is 8 low topogrephicel ridge running E,N.E, = W.S.V.
across the N, W. corner of the orcherd.

4. Lower Iundlow Shales. There is s good outcrop of grey=-green

shale dipping et 40° to the N.W, about 80 yards S.W. of Walsgrove
Farm in the steep benks of a pond.

Feuna collected from this exposure included:

Atrypa recticularis (Idinn). Goniophore. sp.

Ieptaens fhombomalis (Wilok). Modioliform

Strophonelle euglypha (Dalm). ? Fenestella ap.

Meristina tumida (Dalm). Orthoceras ibex (Sow).

Delthyris orispe (His).

5. Wenlock Limestone. Further south stidl, in a ploughed
field immediately aljoining the ferm, the ground rises steeply ard
Wenlock Limestone is believed to occur within this fiell becsuse:

a) There sre numerous fregments of this limestone on the
highest part of the flill.

b) Two pits dug to s depth of 5 feet yielded an earthy
limestone with buff to light green sheles, The limestone yielded
two corals Heliolites cf, megastoma (M'Coy) and Favosites cf.

gotlendicus (Limm),
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¢) A topogravhical ridge elongated in 2 N,- S, direction with
e steep E, - W. bank on its northern terminestion, This ridge is
covered to the south and east by Haffield Breccia charscterised by
its large sub-zngular fragments end a.a;'k rel soil.

The observations outlined above have been disecribed in Jeteil,
since no previous author h:s spparently recognised a1l the evidence
before, FPhillips considered the erea to be covered by Lower Iudlow,
as 3id Groom and Mykurs, but these last two authors recognised the
oresence of Wenlock Lirestone in the gouth, but with a N,- g, strike.

Congldering the structure of this area again, we see from the
map that the Lower Iudlow 1s thinner than would be exvected, 550
feet instead of 700 feet usually found, A strike fault or faults
ere thought to exist within this shale formation, possibly of e
reverse nature,

. The relationship of this area to that of Walsgrove Hill is
uncertain, The present author feels sure the boundery between the
two areas is a fault, as steted previocusly on pege 93 , and fleld
evidence is given below to substantiate the claim that it is o teer
feult,

1) The feult's strike is g proximstely at right angles to the
strike of the bedding. Reverse faults with this relationship are
not f'oun'f;~ in the Malvern=-Abberley district, therefore it is inferred
that this fault must be either norm.a.l or transcurrent in nature.

2) From the structural similarity of this fault to othersin

the neighbourhood of Easthooe Farm, the author suggests that this fault
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at Welsgrove Farm is transcurrent in nature,
Further investigation to the north of this srea would no
doubt vproviie additional information regarding this fault.

A section through this area is given on nage 239.

Easthope Farm District.
Host of this has been outlined in the section dealing with the

Aymestry Limestone eastern outcrop (see vage 89 ), but further

cbservations are outlined below.
1400 feet north of Basthope Farm (32/744853) there is a minor

ridge developed on the di» slope of the easterh outerop of Aymestry

Lire stone. No exvosures are visible, but it is suggested that thiw

ridge represents a local development of the more calcareous bels within

the upper Lower Iudlow, or more probably, a minor thrust repeating
locally a portion of the more resistent Lower Ludlow Shales that

appear near the tor.of this formation,
North of Eastiiove Farm en oblique left hended tear fault

displaces the Aymestry Limestone outeroo 600 feet, This fault may
be tracel to the unconformeble contact of the Haffield Breccia, but

no evidence has vroved the fracture's existence within the trecciz.

At Easthope Farm itself the limestone is again displeced,
this time only 150 feet. This must be considered another left
hended teer fault, similar to the previous fracture deseribed zbove.
Immediately south of any one of these two displecements the
Aymestry Limestone eastern outcrop is thinner as shown by the
decrease in the width of the tonographicel ridge the limestone

nroduced. That is, the strike foult cuts more of the ILudlow



100,

succession out, south of any one of these fractures. This suggests
that there was a slight upward movement of the hanging wall along the
strike fault on the side of the tear fanlt that had moved westwerds
reletive to the other side of the transcurrent fanlt, This is mede
clear by consulting the diegrem on page23q o

South of Woodbury Hill (32/744643), the Aym stry Limestone
iiseppears entirely. This is thought to be due to ancther tear
fault and the slight upwerd movement of the hsnging well which has
been displaced westwards, Only high horizon Lower lndlow Shales are
fourd on the south side of the fracture, these are seen in a stresm

800 feet south of Woodbury Hill Farm dipping at 70%to the east
(32/745642). '

A N.E. - S.W, trending fault extends from 100 yards south of
Barrellhill Farm to Lippets Farm, and eppears to contime within the
Heffield Breccia, Examining the fiecld evidence, it is seen that
this fracture:-

1) Displeces the main Aymestry Limestone by Barrellhill Farm, a
horizontal distance of 130 feet.

2) Creates a valley between Barrellhill Farm and Lippets Parm,

3) Apparently is post Haffield Breccia of Woodbury, since
there is a well defined col end valley on the hill along the
strike direction of the Silurisn fault. The horizontal displacement
of the base of the breccia is herd to decide since hill-wash obgcures
the contact.

If the fracture is considered a tear, similar to the three
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previously described by Easthope Farm, an ege later than the
Haffield Breccia would have to be consilered for the faulting,
This 1s not in eccordence with ages of other compressional faults
found in the Malvern-ibberley district. An akternative ig to
consider the fracture e normel one dipping to the north with an
apparent downthrow of a meximum of 250 feet in the Silurian, The
Haffield Preccia, however, only appears to have a relatively small
displacement and it is suggested that:-

1) The fault is hinged.

2) Has two periods of movement, pre and post-Haffield Breccia
or 3) The airection of movement of the fault has a lateral
component, displecing the N.W. side westwards relative to the
S.E, side. '

The thrid solution would not necessitate a very large throw and
the writer accepts this as being the possible nature of the fault.
Sections through this part of the structure are shown on page 2330
Woolbury Hill Distriet.

The prominent feature of Woodbury Hill is almost entirely

composed of Haffield Breccia. The dip of the beds cannot be
determined from the exposures seen, but inspection of the mep
shows that it has an apparent low dip.

The breccia lies unconformebly upon Coal Measure horizons
which outcrop 2long the west and south-west boundaries of the
Heffield Brecocia.

The relationship of the breccia to the Copls Measures hae been
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discussed on page 72, Groom stated that these measures lie with
spparent unconformity gpon the folded Silurian', but to the mresent
suthor's mind this is not proved to be a "cap" to the underlying
folded beds by Jjust steting that "the base (of the Coal Measures)
tends to follow the contour lines".

The resistance to weathering of the overlying apparently flat
dipping Heffield Breccia most likely governs the contact of the Coal
Measures with'the Silurian,

Murchison's acoount of e Coal Pit on Woodbury Hill is worthy
of inclusion in this argument. "The Coal which was extracted on the
western slopes of Woodbury Hill, and south of the Hundred House,
congiets morely of thin shreds of cerbonaceous strata, thrown up in
elevated positions, or rether squeezed up into seperate patches
between the trap (Heffield Breoccie and Silurisn. )"

To the south, at Berrow Hill (32/744586), 2 similar succession
of beds can be geen, that is,Haffield Breccia resting on Coel Measures
erd the whol® gpparently lying unconformsbly upon foiéled Downtonian.
Hollingmth“', by a series of auger holes, came to the conclusion
that the Coal Measures were possibly conformeble with the Downtonien,

The present writer, therefore, concludes that there is no

reason to believe that these Measures of Woodbury Hill lie with

major unconformity upon the underlying Silurian,

1. Grom, ?.T. 1900, Q.J.G.S. Vol W1, Pol"so

2. &'m’ T.T. op.cit. p.166o

50“11‘01]18011’ Sir R. 1839, "The Silurian S’Btem". p.155.

4, Hollingworth. 1937. Summary of Progress. Geol.Surv. v.34.



103,

These Measures may:-

1) Have been folded elsewhere, possibly further esst, and
thrust to theie present position,

2) Have been 3eposited on a minor folded Silurian and
Downtonlan sea bed prior to the mallor earth movements.

The second theory is substantiated by Ma’sl observations,
He gives an acoount of a 30° unconformity bhetween the Downtonian
and the Coel Measures in Ellbatch Wood. Such an unconformity is
illustrated in the disgram on p. 235 ‘

King® thought these beds of Woodbury to be lithologicelly
similar to those found at Hillside to the west, and therefore
suggested that they were of the same age,

Sumparising, the present author cannot £ind any evidence
in Groom's theory of two pericds of Col Measure deposition, but
he believes they are all part of the geme series anl have dbeen
folded during the major earth movement with the unierlying Downtonian
and Silurian strata.

The Wenlocic Limestone - Woodbury Hill to Hope Orchard,

The geology described in this section deals with the structures
found within the Wenlock Limestone znd the structural relationship
of this bed with the neighbouring formetions.

The Wenlock Limestone emerges from beneath the unconformable
cover of Haffield Breccia at the south end of Woodbury Hill, Along
the western edge of Wallhouse Plantation (82/752637), the beds strike

l. Mykura, W. 1951. Geol.Mag. Vol. LXXXVIII p,386.
2. King, W. 1923. Worcestershire Field Club,
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015° from the northern end of the outcrop to the latitude of the
quarry west of the Plantation., South of this the strike varies
between 015° and 0255 but in the southern 400 feet of this line of
old querries, the strike is irregular but meinly N. - S, and even
rouni to 355°, The aip varies between 30° anmd 50  easterly. South
of Fetterlocks Parm (32/752633) the strike is mainly 000°, but rear
Hope Orcherd the strike alters to 540 © The dins are variable,
principally to the east except in the quarries immediately to the
south of Fetterlocks Ferm and those in Dundridge Covpiae, where the

dips are to the west,

To the west of the main line of quarries of Wellhouse FPlantation
another smell outerop of Wenlock Limestons is exposed, spparently
igolated from the main quarries, The field evidence to deduce the
structure and relationship of these Limestones is listed as follows:-

1) By means of studying a sedimentary rhythm lisplayed in the
Limestone series (see p, 285), it was shown that the bels along
the western edge of Wallhousge Plantation were probebly inverted,

2) Brachiopod orientation within the limestone of the quarries
along the eastern margin of Wallhouse Flantation suggested the beds
were the right way up.

32) Within the quarry west of Wellhouse Flantation a
recumbent anticline of Wenlock Limestone is exposed, It has an almost
horizontal axial plane which pitches slightly to the N.N.E. and a
N.N.E, - S.S.W. striking crest which swings to the N.E. in the north
end of the quarry. The normal limb of the ©fold is truncated by a

low angle thrust fault which brings Lower Indlow mudstores into



105.

contact with various beds of Wenlock Limestone. In the southern
part of the quarry the normel 1limb of the anticline has almost
been completely cut out by the fault.

b) Just sbove the thrust plane two smell bends of white
bentonitic clay ere found in the easterly dipping Lower Ludlow.

¢) Grinding and etching of limestone gpecimens fram this quarry
and examining the sedimentary rhythm, showed the bottom beds of the
quarry to be inverted,whilst those at the top were the right way up.
A photograph of this fold and thrust is shown on page 275.

4) Within the main line of quarries on the west side of Wallhouse
Plantation, a 6 inch banl of white ¢lay can be traced along the whole
length of the quarry face. It appears in the main to be parallel to
the bediing, but in the southern 100 feet of quarry, there i; a
discordance of dip and strike, above and below the clay band.

i; above the clay 44° 097°.
11) below the clay 57°/080°.

5)870 yards N.W. of Blackmoor Barn (52/752638), a well had
been dug just ebove the Triassic boundary. This revealed a caleareous,
flaggy olive green shale, but no fossils were found in the meagre
fragments.

6)Imnediately to the south of Wallhouse Plantation the ridge
formed by the Wenlock Limestone disappears, and there is subdued
topogrephy,

7) The querries immediately to the south of Fetterlocks Farm show

e) An enticline with an exis striking in the direction 345°,
This anticline appears to be trunceted along its southern edge.
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) The Wenlock Limestone exposed within these querries shows
intense folding with digitetions and brow folds, suggesting that the
structural forces acted in an E, = W. direction.

¢) Grinding and etching limestone specimens from these quarries
showed smell scale current bedding which denoted that the beds were
the right wey up,

d) Lower Indlow mudstones were found in the road cutting above
the Wenlock Limestone to the 8,E, of Fetterlocks Farm.

8) The Limestone - Lower Ludlow contact appears to dip at a
much shallower angle than the bedding, Thus the contact "V's"
eastwards at every dip valley, and in some cases where the topography
is very low, the contact exists so far eastwards thet only a small
width of limestone is found west of the Triassic fanlt. Such
occurrences are a) North of Dumiridge Copvice where the limestone is
practically non existent, b) immediately south of Dumiridge Covoviece
and ¢) at the southern end of this section at Hope Orcherd,

9) An enticline exists within the quarries of Duniridge
Coppice and may be mapped along its axis for about I mile., The
anticline is agein associated with muerous contortions ani would
appear to have an sxiel plane striking N, - S. and a shallow dip to

the east.

Internretation of this £iell evidence is given below:-
1) The Wenlock Limestone - Lower Iullow Shale contact is

represented by a plane dipping to the east at an angle which appears
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to be in many places mch less than the bedding. Further, this
contact truncated many of the structures ani bedding planes found
within the Limestone. Towards the western edge of this conmtact,

the Limestone is turned over into a recumbent fold, with many other
digitations superimposed on this anmticline, All the axial planes

are dipping east. Calculations from stratum contours show the contact
dips at between 12 end 20°, although it must be remembered this would
only be an approximation, since the contact may not be a perfectly
plene surface. From these observations it is deduced that this
contact is a thrust fault,

2) The crest of the recumbent £0ld may be traced throush
Dundridge Coprice, the quarries south o PFetterlocks Farm and is
presumed to exist along the centre of Wallhouse Plantation,

3) A low angle thrust exists within Wallhouse Plantation anmd
ip exposed in the quarries along the western edge of this location,
Other thrusts might exist within the Lower Iumdlow that separate the
Wenlock Iimestone from the N, = S. strike fault (Basthove Poult).

4) Another recumbent fold exists in the quarry west of
Wellhouse Plantation, the normal 1imb of which has been faulted and
overthrust by Lower Lullowfheles.

Sectione are shown drawn through Wallhouse FPlantation,
Fetterlocis Parm, and Rodge Hill Farm on peges 236, snd 240, 4
detailed section of the guarry west of Waellhouse FPlantaetion is given
on pege 237, anl a sketch map of the Wetterlooks Farm Aistrict is

shown on page 933,
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Rodge Hill District.

South-west of Rodge Hill in the Southwood district (52/745822),
there is an apparently thick development of Upper Iudlow beds. This
is attributed either to 1) a tight minor fold or ii) e feulted fola,
the castern limb being the one that has fractured. The topography
suggests that (ii) is possibly the true structure s sinece a valley
exists with a strike parallel to the supposed fold's axis in thc
position of the fault.

It is not certain whether this feult cuts the Aymestry Limestone,
but to the N.W, of Rodge Hill Farm there is a col on the limestone
ridge. The limestone here at this col is thought to be vertical and
therefore any feult other then a tear, would not ceuse any appreéiable
surface displacement of the limestone ridge,

To the N.E. of Rodge Hill (32/749626) a thin banl of Aymestry
Limestone is exposed striking N, = 8, This is thought to be
structwrally similar to the bands of limestone rumming by Easthope
Ferm, Woodbury Hill. The only 3ips available on this outerop show
it to dip at 40° and 55° to the east. It is represented on the ground
by a prominent scarp face running through Rodge Hill Farm ani it is
apparently truncated 1700 feet north of the farm.

. The re-appearance of the limestone is presumed to be due to a
trangeurrent fault, simiiar to those by Basthope Farm. It was stated
on page 99, that left hanl tear faults caused the Aymestry Limestone

to thin southwards due to slip on the N, = S, strike fault, It would
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seem that the tear fault north of Rodge Hill Farm hes a right hami
displacement with the associated slip on the strike fault, in such a
manner as to meke the Aymestry Limestone of Rodge Hill Farm structurally
higher than those beds found north of the transcurrent fault,

North of this tear fault a broad hump is the only remnant
of the Aymestry ridge that can be seen. This corresponds with
high horizon Lower Indlow.

250 yards south of Rodge Hill Farm the limestone ridge dies out.
At first sight this would appear to be due to another left hanled
tear fault butcloser investigation shows that:~

1) There ig no broad hump of high Lower Iudlow as found in
the Woodbury Hill distriect.

2) The Aymestry lLimestone ridge is not truncated sherply dbut
fades out into flat country.

It is suggested therefore that the reverse fault along the
western boundary of the limestone, alters its strike slightly from
N. - 8. to N.N.W, = S.5.E, in a curve and disappears under the
overthrust Wenlock Limestone by Hope Orchard. This nroblem will
be dlscussed further in the next section dealing with Hope Orchard.

A section through Rodge Hill Farm is shown on page 24G,

Hope Orchard end Penny Hill Districts.

The area described here is structurally complex anjfhe resder
is referred to pages 241m 944 where detailed maps of this district
are shown.
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The structure mey be briefly des cribed as two N, ~ 8, strikxing
bands of Wenlock Limestone truncated in the Hope Orchard district by
a N.NW, - 8.S.E, fault. A portion of the western limestone bamd
is displaced westwards immediately west of Hope Orchard. Field
evidence is given below to substantiate this structure and to show
the relationships of the variocus beds.

Considering the eastern bend of Wenlock Limestons, it is seen
that the beds dip at between 20°- 45° to the east. They ave well
exvosed in Hope Orcherd as old quarries, but when traced southwards
exvosures are rere, since the ground is covered by a vast amount of
querry tip. Murchisonl, however, shows & small sketch map of thls
district in which he recognises Wenlook Limestone dipping eastwards
at 20° This author slso observed the beds to be the right way up .
since he reports having seen ghales of Wenlock age beneath this
limestone, The southern extremity of this eastern limestone bend is
truncated by the Triassic faudt which here strikes N.E. - S.W.

The western limestone band also dips eastwards, but et a much

steeper angle, between 45° and 80° with 55° as a common dip., These
beds are here thought to be inverted, since:-

1) In Penny Hill Querry a large bedding plane exists upon
which about 200 brachiopods are visible., Most of these are of the
gems Atrvpa. In the majority of cases the more convex valve
(dorsal) faces downwerds into the rodk which suggests the rocks are
invertea®,

1. Murchison, Sir R. 1839, Silurian System. p.421=-422,
2. Shrock. "Sequenoce in Layered Rocks" p.314.
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2) Mumerous (nearly 50) stromatoporoid colonies occur on a
bedding plane in Fenny Hill Quarry, in which the convex surface is
directed downwards and the concave surface is uppermost. It is
usual to £ind them the other way up.

The southern extremity of this limestone band is truncated,
apparently by a fault, but not the Triassic fault as is the castern
band,

West of Hope Orchard the western limestone band is disvlaced
250 feet horizontally, This fault must be trenscurrent sirce a
normal fault would have to heve & throw of several hundred feet in
order to displace beds ipping at 60°-80° 250 feet. Such a normal
fault would cause some disturbance to the main Aymestrv Limestone
ridge to the west. It is thevefore deduced that this fault is o
left handed tear feult striking 105° through Hope Orchard.

To the north, this disrlaced band of Wenlock Iimestone is
truncated by a fault whose strike, by surface features appears to be
N,N.W. - 5,8.E.

Betwees: these two major bamds of Limestore ihere are a few
exposures of e dark olive green, flasggy, calcareous shale., The
test exposure of this shale is to be seen immedistely to the esst
of Penny Hill Querry, where o pit has been dug. This pit shows
shele, es described asbove, dipving at 50°/084° amd can be traced
westwards up into the Wenlock Iimestore of Penny Hill Quarry. As it
hes alresdy been proved that the limestore of this querry is inverted ’

it follows thet this shale is probably Wenlock Shale.
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The structure 3educed from the field evidence outlined above ig
given below. |

It is sugegested that the thrust unferlying the Wenlock Lirestone
of Duniridge Copvpice continues through Hope Orcherd amil along the
eastern flarks of Fenny Hill. At a point where *'l';h:ls thrust cuts the
roed leafling to Penny Hill Querry, the strike of the fault alters to
N,N.E, - 8,8,W, curving round the southern end of Penny Hill to
terminate the western band of Wenlock Limestone, The writer believes
thet the Wenlock Limestone of the western bani is eonformeble with
the Ludlow which rests upon the limestone. The displacei portion of
this western band is believed to be truncated by the "Basthove”

strike fault at its northern extremity (see page 190.)

South-west of Permy Hill, e smell isolated querrv conmteining
Wenlock Limestone dipping 57°/526° is to be found., This limestone
grades apparently upwards into olive green shale., The shale's age
was hardl to Aecide emd in the absence of orientation criterea, no
orier could be given to the succession,
The relationship between this smell isolafeﬂ. region and the
main Penny Hill Structure must be a faulted one. Tere is evidence
for this fracture in the form of a depression running N,K.%,- S.S.E,
between the mein hill amd this guarry. The author suggests that this
mass of limestone and shale is a smell portion of an overthrust mass
end the fault along the Jepression is a *ear,

Bections anl maps of this district ere shown on pages 242 %244
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Sunmary of Structure of Woodbury Anticiine.

1) The Aﬁestm Limestone slong the western edge of the
districl forms the western limb of an asymmetrical anticline whose
axial plene dips eastwards.

2) An easterly dipping strike fault repeats the Aymestry
Limestone and Lower Indlow Shales.

3) The Wenlock Iimestone is overthrust along the eastern mergin

of the area.
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THE HILLEND OVERTHRUST.

The structure about to be described is to be found in the
triangle of country between Hillside, Tee Bank Coppice and Kingswood
Common, Martley (32/748607). It is mapped es pert of the overthrust
mess which bounds the eastern margin of Woodbury Anticline, It is
described here separately from the enticline, since it forms »
definite structural unit.

This mass is composed entirely of a grey to green calesreous
shale with limestone bands. Examination of many exposures, especially
those on the east banks of the River Teme (32/745605) and in the roed
cutting leading to Clifton upon Teme (32/745605), hes yielded the
following fauna:

Cyathophyllum sp.
Favosites sp.
Orbiculoidea sp.
Cemarotoechia of. borealis (Schloth).
Atrypa recticuleris (Linn.)

* imbricata (Sow.)
Leptaens Fhomboidalis (Wilek. )
Strophonella euglyphe (Dalm.)
Bilobites biloba (Linn.)
Bospirifer radiatus (Sow. )
Parmorthis elegantuia (Dalm.)
Gypidula sp.
Flectodonta cf. transversalis (Dalm,)
Orthis antiquata (Sow.)
Dalmenites wulgaris (Brunnick),
Proelus sp.
Euomphelus sp.
Dawsonoceras sp.

Bryozoa.
The Strophionella euglypha resembles the varieties collectéd

from other exposures of Wenlock Shale,
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Tracing this mass of shale eastwards it is spperently overlain
by Wenlock Limestone immedistely south of Permy Hill (32/752611).

From the evidence given above the author concludes that the
shale is of Wenlock age and is spparently the right way up.

This mass of Wenlock Shsle could represent:

1) An up-faulted area from the adjacent Woodbury Anticline,

2) An overthrust mess on to the western 1imb of Woodbury
Anticline,

If it was assumed thet this wes sn upthrown mass, the Downtonian -
Wenlock fault would represent o vertical fracture of enormous throw,
somewhere in the order of 1,200 feet. Such a fault is not impossib}e
close to the Malvern Boundery Fault, but the author feels sure that
f‘urthef evidence of the existance of such a fault would have been
fourd in the formations to the north, where the fault would presumably
continue.

Evidence to substantiste the second theory, that this represents
an overthrust maes is given below:

1) The bese of the Wemlock Shale eppesrs to have o dip of
between 15-20° to the S.E. This wed deduced from stratum contours
on the field map.

2) The western edge of the Wenlock Shale is folded into g
recumbent anticline with its exis dipping at a low angle to the

S.E. (See section on page 243 ).
3) From the mapping the fault appesre to be the contimustion of

the thrust fault along the eastern margin of Woodbury Anticline (see

diagram on page 227).



116.

The fold mentioned in (2) above is well exposed in the road
cutting between The Noak, Mertley and the River Teme. Another
anticline hes been mapped immediately to the ezgt of the one just
described. This second one is much brosder amrd has en axisl vlene
whoge strike is approximately N.E. = S,W, W.%Kingl recorded a shallow
dip tg?g.S.E. immediately west of the Nosk which would substantiste
the eastern 1limb of this fold.

Between these two minor structures, s fault is thought to
exist, since (a) there is a discordance of dirs between the structures
and (b) topographical evidence in the nature of 2 depression,

There are admirable exposures within Kingswood Common, but
unfortunately the shale has slumped down the banks of the R, Teme,
and its dips have been ignored, although they all appesr to conform
with those found S.W, of the roed. Due to this slumping, the Wenlock
Downtonian boundary by Kingwood Common was impossible to trace, but
it must exist on the east bank of the R. Teme since a small exposure
of Red Downtonian was found just below Hem Mill on the Martley bank
of the river,

A detailed map of this distriect is to be founl on page B44s

1. W.WKing, From unpublished meps he has kindly lent,
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HORSHAM ANTICLINE,

This structure is only revealed within the Downtonian. It
was mepped from just north of Ham Farm (52/738600) to Horsham
(32/738578), a distance of 2 miles. Evidence for the existence
of this fold is given below.

1) 200 yards N.N.W, of Ham Farm quaquaversal dips on red
micaceous siltstones were founl in a stream section (32/740802)

2) Quarry and dbridle track exposures immediately to the S.W.
of Hem Farm showed similar siltstones to (1) forming the apical
portion of a fold, i.,e., dips to the E,S.8, and W.S.W. (32/737598).

3) Dips in Ham Wood show a dip of 50°/253° (32/735595).,

4) Exposurcs seen in the banks of the River Teme by Ox Leasow
Coppice reveal a complete section through the apical portion of the
£0ld, In general the dips were between 15° and 70° at 090° for the
eastern limb and between 20° and 60° at 240° far the western 1imb,
with smaell N.N.W. dips in the crestal regions. Purther, a 4ip of
99/210° was recorded at the western extremity of Ox Leasow Coppioe
suggesting thet the western limb might not be just a part of a simple
fol1d (32/738585),

5) 535 yards S.W, of Berrow Hill, a dip of 11°/070° was recorded
on a purple soft micaceous sandstone, This woull represent part of
the eastern limd (32/742582),

Thig fi21d evidence léads to a conclusion that an anticline

exists, whose western 1limb is steeper than its eastern counterpart,

i.e., asymmetric with an easterly dipping axial plane, , particularly
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prominent band of hard purple siltstone, possibly the Holdgate
Sanistone, was traced through the narthern part of Ox Leasow Coppice
to Ham Farm and back through Ham Wood to the gouthern part of Ox
Leasow Coppice, i.e,, the band "V's" to the north, this suggests
that the fold plunges to the north, at least in its northern
extremity, The strike of the axial plane is approximately N.N.¥. -
3.8.E,

A syncline is presumed to exist between this anticline ani the
Wooldbury anticline or rather, the position the Wooibury structure
would occupy if it were not truncated by the Malvern Boundary fault

at Kingswood, Martley, A ip of 550/2'74° on the Downtonian 1040 verds
north of Berrow Hill could be on the western limb of Woodbury Anticliine

or the eastern limb of the proposed syncline.

A smell area of uppermost Ludlow and Lower Dowrtonian exposed
S5.3.W, of Ankerdine Hill may be congidered associated with Horsham
Anticliﬁe. Field evidence shows:=-

1) The Upper Iudlow and Aymestry exposed in the quarry by the
Bromyerd Road south of Ankerdine Hill shows the Ludlow to be dipping
at 54°/054°(32/738558),

2) From etched grounl sections small scale current bedding
has shown the beds to be inverted, see photograph on page 285.

This small area conld represent a portion of the western limb
of the Horsham Anticline, provided the plunge to the north was
sufficient to expose the Silurian at the surface south of Ankerdine

Hill, Assuming the silty-samistone exposed at Ham Farm by Martley is
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the Holdgate Sandstone, the plunge would have to be at least 4°.

This explanation of the smell area of Indlow S. of Ankerdine Hill,

is only a suggestion, since there is very little field evidence and
a great deal of the ground between this small area and Horshem is
obscured by the Ankerdine structure anl its many fanlts. For

further considerations of this patch of Iudlow see page 127 where its

relation to the Knightwick Station ares is considered.

Immediately east of Hirchhill Coppice, the Downtonian is
separated from the Triassic by a band of Coal Measure clay which
according to Hollingworth! rests with apperent conformity on the
Downtonian Marl,

The Mertley "Gravel Pit" (33/745595) exposure of syenite
resting on quartzite has been described by Groom 2as an epitome of

the history of the Malvern-ibberley range. He observes that in
the Malvern srea it is a common festure to £imd Cambrian quartzite

overthrust and thus overlain by rocks of Malvernian age, anid by an
estimete from the records of exposures no longer wvisible, but
recorded by esrlier workers, Groom drew a section now illustrated
in his work,
Both the presence of a green schist, observed at the base of
the Malvernian and the crushing ani fracturing observed in the
quarbzite and syenite favour the interpretation that during a
period of intense folding, the Malvernian was thrust over the
Cambrian, shearing at its base having proiuced the schistose structure,

1. mlling'mh’ 1957, Su.mary of n‘m@“ Geol.Surv, po“
2. GI’OGII, TQTQ 1”’ QOJQG’QSQ 70101"'10 p01650
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It is suggested by Groom that this overthrust series, together with
the overlying Downtonian foﬁationg was subsequently folded along a
north-gouth exis, consequent upthrust and secondary folding produced
an-antiolinal structure with gquaquaversel dips.

Oriticism of this interpretation could only be substituted by
speculative thearies, except “or two points made clear to the author
from field evidence:-

1) The isolated exposure of 0ld rocks must represent some sort
of overthrust mess.

2) The thrusting probably occurred after the deposition of the
skirting Coel Measuresl sinos a) the Coal Measures do not appeer to
contain any fragments from the older mass anl b) tho.j.syenite boss
appears to stand higher than the surrounling Measures.

Separating the Triassie from the Domtonian at Berrow Hill,
iz a Jrge high mass of Haffield Breccie which apparently lies
unconformebly upon the Upper Coal Measures, the latter exposed in
patches along the ecastern bouniaries of the Preccia, very similar to

theat described for Woodbury Hill.

Sections through the s*ructures outlined sbove are shown on

page 248 .

1, Hollingworth. op.cit. By augering he has provad Coal
Measures to surround the syenite boss.



121.

THE STRUCTURE OF ANKFRDINE HILL AND COLIJIMNS GREEN,

In this chapter the 8tructure of the Llandovery and Wenlock
Series of Ankerdine Hill and Collins Green will be discussed.

Inspection of the € inch mep amd the sketch map of Collins
Green on page 247 shows thet it is a region of faulting., Exposures
are very few and the author was obliged to use the evidence of
fragments, pits and physical festures. Thus the interpretetion is
ohly a suggestion, particularly with regard to the nature of the
faults. Phillips realised the boundaries of all the formations

1
were faults end wrote of Ankerdine Hill "... it ig composed of an
enticlinel mess of Caredoc strate heving e northesouth axig and being

bounded by four faults each downthrowing the aljacent strata., The
Caredoc Sendstones are controted in places, emd it ig significant
that the aijecent Iudlow, Wenlock end Downtonisn formetions dip
towards, es if to pass under the older rocks of the Caradoc".

The main problem of this ares is the large stratigraphical
seperations between the Llandovervy anmd Indlow in the South, erd
Llandovery and Downtonien in the west. Agsuming the western
bouniary to te a normel feult, as proposed by Phillips, a throw of
up to 1,200 or even 1,500 feet would be needed. Such an apperently
large fault, although not impossible adjacent to the Malvern Boundary
Fault, has en anslogy to the fault that bounls the western margin of
the Pre-Canbrian rocks of the Malvern Hills. A recent theory proposed

by Rayz suggests that a large overthrust mass or neppe of Pre-Canmbrian

1. Rlillips, J. 1848, Mem,Geol . Survey p-1490
2. Rew, F. 1952. Proc.Geol.Assoc. Vol. IXIIT p,227.
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and Palseogoic rocks was once thrust over the srea now occupied
by the MelverneAbberley range end subsequent normel faulting let
down portions of this nappe to form the present Malvern Hills.
The present writer suggests thet pert of this nappe might have
been domfaulted to form Ankerdine Hill and the country around
Collins Breen. '

The chief exposures that were found in the Collins Green area
are listed below.

a) At Collins Green itself there is a quarry exposing Haffield
Brecois enl Wenlock Limestone, The breccie is composed of rounded
to sub-angular pebbles of Uriconien,and what appears to be meterial
resembling cornstones of the Devonian, set in a matrix of merly sand,
ell with a purple colour. There sre numerous thin bamds of grey
eley material running in haphagard directions through the breccia,
these are possibly the products of roots from trees growing at the
top of the quarry.

Unjerneath the breccia is e flaggy and nodular limestone
interbedded with a celcereocus shale, the whole stoined purple.

The limestone hes the cherscteristic of Wenlock ard when traced
leterally northwards, it can be geen to rest on Wenlock Shale,

Separating the breccia from the limestone is a 9 inch bend
of white to light grey clay. As far as can be judged the band is
perallel to the bedding, There is elszo s vertical separstion

between the breccis and limestone, but sbove the clay bend. The
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clay ba.nd mentioned sbove persists beyond this vertical plane into
the Wenlock Limestone, anml thus seperates limestone from limestone.
Beneath this prominent band of clay are other minor clay bends of
a similar nature.

The author st first thought thet this clay band represented
the position of a thrust ipping to the esst, but the writer now
believes the contact to be an unconformity aml the vertiecal face
part of an erosion channel, If the clay represented the plane of
e fault, one would expect it to be oblique to the bedding. Chemical
tests made on the clay show it to contain practically no ealeareous
matter and to be typical of the numerous absorptive bentonitic type
oleys found in the Silurien,

The possibility of the brecole being of Pleistocene age was
considered, but the similarity of the lithology and the high
topographical positlion of this exposure favours Haffield Breccia for
this formation.

A photograph of this quarry is shown on page 279,

b) 910 yards N.5°W. of Nipole Well, i.e. 200 yards N.W, of
Tinkers Coppice quarry, there is an exposure of calcarecus grey
ghale interbedded with thin bands of mddy limestone, Fossils from

this exposure include:

Atrypa recticularis Protid teil
Leptaena rhoiboidalis Meristina sp.
Strophonella euglypha (Wenlock veriety) skenidioides sp.
Bilobites biloba Crinoid ossicles.

Cyrtis exporrecta
Eosperifer rediatus
Delmenites vulgaris
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The dip on the beds is 18°/294%and when these beds sre traced
upwards they eppear to pass into the Wenlock Limestone, This is best

seen in a road-side exposure 880 yerds N.10°E. of Mipple Well, where
3 feet of flaggy limestone is seen and 15 feet beneath it is & smell

pit containing a buff calcareous shalé. The author believes this
shale to be of Wenlock age.

) 900 yards N.W. of Nipple Well mmerous fragments of a
closely jointed calcarecus grey siltstone with remnarts of a grey
shale could be seen in mmerous uprooted trees. These fragments
are correlated with the uppermost Wyche beds,

These are the only sstisfectory exposures found and to account
for their relationships, a complex series of faults are necessary.
For the benefit uof the reader, the faults are numbered on the sketch
map and will be discussed in order.

Fault 1.

This is the Malvern Boundary fault and separates the Triassic
from older formations, It is not :ezposea anywhere along this
stretch of country,

Fanlt 2.

This fracture sepsrates Downtonian f’rom Llandovery end Wenlook
Pormations, Its nature has already been discussed alb&ve. It is
conceivable that the line of separation might be the actual thrust
fault, but from the mapping the fault line is far too straight to
be interpreted as a thrust and is probably a normel feult dipping at
a high angle to the east. It does not appear to disturdb the
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Haffield Breccie at its N,E, end, end is therefore presumed to be
prior to this formation. It is possibly terminated to the S.W. by
the normal fault of post Keuper Sendstone age which is thought to
fracture the western margin of Ankerdine Hill (see below on vege 130.
Fault 3,

1,100 feet N.W, of Collins Green the fracture previously deseribed
(Feult 2) is displaced by a N.W.- 8.E, striking fault. The contimance
of this fault eastwards to Colling Green is not certein, but a
depression and scerp on top of the ridge, along which the rosd runs,
suggests that this fracture probably terminates against the Mplvern
Boundary Fault. Its age 1s post fault 2 amd it is uncertsin whether
it faults the Heffield Breccia of Collins Green or not, but its
presumed position is very close to the western extent of the breccia.
This fenlt, if it is normal in nature,dips to the south;

Fault 4.

A line of seperetion exists along the north side of Hay Wood,
which is interpreted as a feult. Formations of Wenlock Age are found
ageinst beds of Llandovery Sandstone 900 feet N,MW. of Collins
Green, In the extreme north the fracture is represented by
depressed ground, anl the termination of e ridge on Ithe east side of
the fault, It is uncertain whether this feult displaces faults 2 and
S and the Breccia of Collins Green, but as the line of separation anmd
the edge of.the breceia are on the same strike, it is possible that

the line represents a contimious fault.
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Fault Se
Between the Ilandovery of Tinkers Coppice anl Wenlock Shale

sbove it, a feult is postulated, A dirvect sequence from Uppermost
Llendovery to Wenlock Shale iz not thought to exist here, simce
*here is no evidence of any Woolhope Limestone, This feult could
reresent either a minor thrust of the Shale over on to the older
Llanlovery or another normal fault dipoving eastwards with an
upthrown side to the west. If it is a thrust, it might be that
faults 4 and 5 are the same fractures and both revresent part of
the same thrust,

Structures within the Wenlock.

The Wenlock Limestone of Tinkers Copvice reveals s smell
anticlinal struocture with & smell core of Wen'lock Shale between
the limestone limbs. Dips of 22°/175° and 40°/70° for the southern
and northern limbs respectively have been recorded.

Struetures within the Llamiovery.

As has glready been stated, Phillipsl consia;ered the Llandovery
an anticlinel mass., Insﬁeotion of available dips revealed nothing
of this nature, but rather iniiceted a regular dipping mass of
sanjstone with an inclination of 30°- 45° to the .N.W. Successively
higher beds within the Llandovery were found on treversing +hrough
Hay Wood, until almost the top of the Wyche beds was reached in

Tinkers Coppice,

1. Phillips, J, op.cit. p.149,
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The Ilandovery-Indlow Boundary at Knightwiock.

' The relationship between the strata et the sauthern extremity
of Ankerdine Hill is uncertein. The line of separation between the
ILlandovery and Indlow is obviocusly a fault. It is best considered
2 normal fault dipping to the 5. #., Jown-faulting part of an over~

thrust neppe as discussed at the beginning of this chapter.
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THE STRUCTURES OF THE KNICHTWICK SPATION IOCALITY,

The eree here described lies immedistely south of the River
Teme. The district is exceedingly complex and is principally composed
of fmlt blocks of Silurisn snd Fermo-Triassic formetions. The
relationships between these mpsges are difficult to interpret,
end the writer wes obliged to analyse the geology by compering it
with analogous regions in the Malvern-gbberley region, thus the
geological sections given on page 249must be considered as suggestions
rather than direct interpretations. The reader is referred to the
sketch map of this distriot on page 250 , where the principal faults
have been nmumbered to facilitate their description in the text,

Groom® published & mep on the 6" scale, showing the feulted
region within the Permo-Triassic, but the mep feils to show any of
the geology within the Silurisn, The present writer's work does not
disagree radically with the mepping of Groom's faulted Permo-Triassic,
but is principelly concerned with the Silurien amd its structure.

The feulis ere a mixture of tensional and compressional)
fractures. Those thet Yisplace the Mesozoic strata are taken to be
tensional asssociated with the Malvern Boundary fault movement, whilst
those faults affecting the older formstions may bPe interpreted as
either the effects of compression or tension.

The tensional faults found in the Mesozolc are numbers 1, 2,
3y 4 and 5, of these 1 and 2 eppear to be the most lmportant,

]-. G!'OOm’ TOTO 1900. Q.J.G.S. VOI.LVIQ P0185.1870
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Pault Ko.l, Considering feult mumber 1 in detail we find:

a) At the northern extremity of the mep, at the eastern end
of Osebury Rock, Haffield Breccia dipping at 62°/141° adjacent to
white to pink thin bedded siltstones disvlaying ripiyle merks
interbedded with purple and green merl, the latter formation was
found in a pit dug for this investigation, The marly beds were
correlated with horizons at the junction of the Keuper Marl and
Sendstone.,

b) A scerp face striking N.N.B. through the field N.N.W, of
EKnightwick Station. Within this field there are a few exposures of
both Haffield Breccia and sendstone formetions.

c) Evidence for this fault can be seen in the rosd end
reilway ocuttings by Knightwick Station. An erosion chemmel marks the
sctual site, In both places homogenous sandstore is faulted against
sandstone with breccias and by reference to the situations of these
fault exposures, a N.N,E./S.S,W. strike of the feult plane can be
deduced.,

This fault probably continues northwards across the River Teme
and is remresented east of Ankerdine Hill by the fault which
separates the Triassic from the Llandovery formations. Southwards
from Knightwick Station, this famlt forms the boundary between the
Mesozoic and Palseogzoic formetions - Malvern Boundery Fault.

Pault No, 2. The railwey cutting W.N.W. of Knightwick Station
shows Silurian shales adjecent to a Permo-Trisssic sandstone., The

strike of this feult is epproximately 330° ani evidence of the



contimance of this fracture can be seen in the wood to the north
of the railway line and in the fields S.W. of the station,

A fenlt of this nature if presumed to be part of the Malvern
Boundary Feult since it has the general- cheragteristic of Mesozoie
beds against those of Palaeosoic, It would, therefore, probably
have a downthrow to the east,

Such & fault would be expected to extend a considersble
distance along its strike. It is, therefore, proposed that it
continues across the River Teme, possible trunceting the transverse
fault mumber 9 and may be the fracture that seperates the Llandovery
of Ankerdine Hill from the Downtonian on the hill's western flanks.
Southwards this fault is presumed to Join the normel fault mumber 1,
south of Knightwick Station,

Faults 5 and 4, It has already been stated that the suthor believes

the relationship between the Haffield Breccia end Triassic sandstone
(Foseible of Bunter age), in the roed cutting N.W, of Knightwick
Station, to be a conformable series of beds(=ee page 74 ). This

contact which is dipping at about 15° to the S.S.B. would presume to
"V" up the valley beside the road and expose Haffield Breccia on the

opposite side of the valley. Only fine red sendstones can be found
on the weat side of the stream and, therefore, a fault is vroposed
which trubcates this conformable contact - fault number 3.

Tracing this contect to the N,W. shows that it must be truncated
since only Heffield Breccie dipping uniformly to the S.E. oan be found,

A scarp face striking S.E, - N,W, can be found within the Breccia at
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the western end of Osebury Rook which might be the result of this
fault = Fault rumber 4, '

Both these faults are thought to be terminated in‘ the N.W. by
feult & and to the S.E, by fault 1. These fractures have their
downthrow sides to the S.W, and, therefore, if the faults are
normel in nature the fault plane would dip to the S.W,

Fault 5. Although therg is no exposure at the surface of the fault
separeting the Keuper Sandstone from the Keuper Marl, the fact that
Keuper Marls are found outcrqping at a horiszontal distance of only
50 yards ffom the basal Keuper Sehdstone, excludes the possibility
of a complete series, and necessitates the presence of a fault or
faults. Two minor faults cen be seen in the sanistone opposite the
prlatform of Knightwiok Station. The uppermost beds of the ew osed
sandstons in the station cutting show a white to pink samdstore very
similar to horigons at the Keuper Sendstone - Marl junction. ﬁere
is a lack, however, of the thin beided sandstone at the base of the
Mar) and becuase of this a fault is proposed. Other faults probabdly
exist within the Keuper Senistone %o acecunt for the apparently
thin development of this formation,

Poults 6 end 7. These fanlts are inferred from the observations

made in the railway cutting west of Knightwiock Stetion. This
cutting will be described in 3etail below.
Bastern End (32/736552)
Pine red Sendstone Aipping at 40°/069°
Pault mamber 2.
Grey anl lavenier coloured shales with thin bands of fleggy
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calcereous siltstone which bdecomes comrse in texture near Fault 2.
Possils identified from the shale include Fardinia sp., Leptaens sp.,
Chonetes sp., Chonetoidea greyi. The sheles have a similarity to the

Woolhope Shales with which they are correlated, These shales 1ip at

85%/0457 but become steeper and even overturned towards famlt 2.
Presumed Position of Faeult 6.

Massive pink sandstone band and minor purple marls in the
northern bank of the cutting. Further purple and green silty marls
were found in the southern bank. A Lingula sp. was found in the
massive sanistone. This outerop is thought to be of Downtonian age.

A dip on the ma=sive sanistone showed it to be dipping 35°/327°.
Presumedl Position of Feult 7.

Nodular argillaceous blue-grey limestones ani thin beided grey
shales, grading upwards into flaggy siltstones typical of the Upper
Ludlow formation, Fossils found include Dalmanella sp., Serpulites

longissimus, Dayie naviculs, Murchisonia sp., Chonetes striatellus,

Camarotoechia mucula. The writer Joes not think the horizons exposed

edjacent to Fault 7 are sufficient?y low to be called Aymestry
Limestone, but are probably best corrslated with the Dayia Shales.,
Tracing: the Upper Ludlow upwards the equivalent to the bone hed was
found in the south bank of the cutting, Above thig are found
representatives of the Downton Castle Sandstone anl the red and purple
marls of hetis higher in the Downtonien sequence. Dips on the Upper

Iudlow and Downtonian are between 36° amd 67° in a direction 275°,
Bvidence for the extension of these faults to the north and south

of the cutting, is small anl a great deal of the mapping wes made upon
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fraguents anl small pits. Such evidence is 1isted below:

a) North of the cutting, exposures are few, but the wooded
land avpears to be covered almost entirely with fragments of Upper
Iudlow, A depression,which the author has associated with the two
faults, curves round and abuts- against fault 2.

b) Immediately south of the reilway cutting there is ample
evidence of the existence of the Llandovery Shales, Downtonian merls
and Upper Indlow,

¢) 200 yerds south of the cutting in a steep bank of a hedge,
the Llandovery was again seen, dbut no evidence of any purple marls
of the Dowrntonian could be found.

Measurements taken from the stratum contours off the map, showed
that these faults dipped at an angle of epproximately 40° in o .
direction to the N,N.B. These "ractures might be normal in nature,
but the writer believes they are both reverse or thrust faults,
analogous to other overthrust messes adjacent to the Malvern Boundary
fault, see pages 136,145 and 152,

The anparent absence of Downtonian in the extreme south is
thought to be due to the upper overthrust mass of Llandovery extending
further to the west and entirely obscuring the lower mess of Downtonian,

Comperiny this small thrust area with that distrioct south of
faults 9 anld 10, i.e., the area described in the following chapter
entitled "Ravenshill Wood Overthrust", it is seen that the two areas
bear a remarkable similarity. They are both composed of Llaniovery

overthrust masses dipping to the N,E., but that one south of faults



9 amd 10 is larger in extent.
Feult 8. A fault is proposed somewhere in the Teme valley, but as
it is obscured by alluvium it is difficult to decide its exact
positior; and nature. The leep valley carved by the river through the
Abberley range at this point, was thought by Phillips', Bennett? and
Gray® to be a significent factor in interpreting this physical
feature as the resudt of a series of transverse faults. The vertical
face of Osebury Rock suggests a fault scarp running in a N.N.E,
direction, and the author believes that this might bé a possible
strike direction for this fault.
Bault 9. This fault truncates the high ridge of Aymestry Limestone
north east of Hanging Bank Coppice, ani also appears to terminate
the Iudlow and Llandovery of the railway cutting, The fracture is
possible a tear fault with a right hand displecement. Thus the Upper
Indlow exposed north of the fault in the railwsy cutting is thought
to be part of the Upper Luilow that strikes through Hanging Bank
Coppice, displaced eastwards relative to that found south of the fault,

The Indlow of Hanging Benk Coppice striies at 024° and is
inverted. One querry exposing Upper Ludlow 730 yards W.S.W. of the
"Pt_xx and Hounds®, Ravenshill Green, shows beds which are extremely
contorted anl covered with slickensiding.
Fanlt 10, This fault strikes at 030° 2Bd forms a well defined
feature S.B, .of Hanging Bank Coppice. Evidence Zor its existence

1, Phillips, J. ov.cit, page 149,

2. Bennett, A.J. 1942, "The Geology of Malvernia®.
3 Gray’ J. W, 1919. Proc. Cotswold Club, p01120
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is listed below,

a) At its nsterr; extremity the Aymestry Limestone ridges of
Hanging Bank and that of the main ridge are displaced 700 feet
horizontally brining Upper Indlow against Lower Iudlow Shales and
Wenlock Iimestone, '

b) N.W. of the Pheasantry the overthrust mass of Ravenshill
Green is truncated. This is apparent in the mapping by noting
that the Woolhope Limestone of this thrust mass apparently abuts
ageinst the Aymestry Idmestone ridge.

The fault appears to have a downthrow to the S.E., (the strata
ere inverted north end south of the fault). This would require a
N.W. divping reverse fault or a S.E. dinping normal fault., Of these
alternatives, a reverse fault with this dip is unusuval, ani for this
reason the fracture is thought to be normel in nature, If it were
transcurrent, evidence of Wenlock Limestone and the overthrust mass
might be expected to occur north of the fault. | It is suggesied
that this normal fault is a development of the Malvern Boundary Feult



THE RAVEASBANK OVERTHRUST.

The central part of Ravenshill Wood is an exceedingly difficult
tract, densely overgrown with brambles, brushwood and young trees, and
this, coupled with the absence of exposures has prevented a positive
conclusion being reached regarding the geology. Surface fragments,
small pits and topographice.l features afforded 'Ehe only information
available,

Phillips mepped the entire area as Wenlook Shele and it appears
as such on the 1" Survey sheet, but to the present writer this state
of affairs seems rather unlikely, since most of the ground is high
with well developed ridges.

The three most important geologicel features observadble in the
district are:-

a) A sosrp fece running from Hanging Bank Coppice round the west
end south-west side of the Pheasantry, and curving esstwards into
Revenshill Wood. Many fregments of a closely jointed calcareocus
siltstone were found on thig scarn face and the author believes this
face to be of Wyche Beds.

b) Striking N, W. - 8.E, through the Pheasantry is a well defined
topographicel ridge. Nowhere is the rock of this feature exposed,
but mmerous fragments of a nodular ferruginously stained limestone
were found along this ridge, especially in the lane lealing to the
Fheasentry. The amthor believes this ridge represents a limestone

band,



Tmmediately to the S.W. of this ridge, the ground is flat and
south of the Pheasantry the land is even depressed into a valley
striking N.W, - 8.E. Possibly this represents a shaley horizon
between the limsstone ani Wyche Beds, perhaps the Woolhops Shales,

c) NE, of the Limestone hand nrevicusly deseribed, the land
slopes repidly dowmvards, until it forms e low lying petch of boggy
wooded ground, Two patches of fregments were the only clues as to
the nature of the rock that lsy here. In both cases the fragments
showed a2 grey green shale,

From the foregoing evidence, it will be sppreciated thet e
variety of interpretations could be given concerning the structure,
but the one given below is thought to be the simplest,

Stratum contours drewn on the Llandovery boundary mentioned
in (a) above, show it ‘to be dipping st 15°-26° in » direction 125° .
Of course thisl is only an approximetion, but the mepping does show
the Llandovery boundary to be a low divning surface sloping eastwards.
The 1imestone is probebly Woolhope and the shele of Wenlock ege, thus
meking the whole a conformeble series from Wyche Beds to Wenlock
Shale overthrust on to the Wenlock Shale of the Round Hill structure
(see pege 140.)

Northwerds the overthrust mass is truncated by 2 N.B, = S.W,
striking feult, immedietely east of Hanging Berk Coppice, This
fault ls discussed in the previous chepter, see p, 134.

Pud1lips’ describes the seme succession as that found by the

present writer, but does not comment on the rature of the boundary
1, Philliips, J. op.oit. p.87.
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faults. All that is showh on the sketch map in Phillips work
ie that the gree is "upcast",

Impediately east of the Malvern Boundary Feult the Triassiec is
represented by Keuper Sandstone which is contrary to Phillips mepping.
Two wells whioch have been dug very recently, within 50 yards of the
fault, bave ehown the usuel red sendstone agsoeisted with this

formation,
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STORRIDGE ANTICLINE,

The description of this structure is best followed froam the
sketch map given on page 251 This map marks all the ereas
separately deseribed in this chapter.

The anticline stretches from Revenhills Green in the north
(52/735545) through the districts of Alfrick, Alfrick Pound end
Storridge to Cowleigh Park. The structure is terminsted northwards
by the complicated structures of the Knightwick Station area, but
southwerds there is no definite 1limit, and the anticline contirues
along the western edge of the Mglvern Hills to form the Malvern
Anticline, whieh is described lster on page 169, Thus it can be
seen from the map that this structure is about 4% miles in length
and never exceeds 1 mile in width within the Silurdien,

The axis of the fold strikes =t 165° anl is thought to be
symmetricel except for the portions in the extreme north by Round
©ill and in the south by Cowleigh Park, The fold is vitehing to
+he north, since successively older beds are seen along the line
of the axis when traced gouthwards. Calculations show this pitch
to be approximately 2-3°. |

A subsiliery anticline with its complimentary syncline is
superimposed on the western flank of the main £013, This minor
£0l1 has an axis with a strike of 185%, The pesent author believes
this smaller fold develovs southwerds into the Msthon anticline

which is described later.

Deteiled descriptions of seperate structural sress of the
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main foli are Aescribed below, beginning at the northern end of the
area.
Round Hill (32/733537)

The Storridge Anticline is represented by N = 8 striking Ludlow,
Wenlock and Woolhope beds. Lower beds might be represented along the
eastern margin if it were not for the overthrust mass of Ravensbark.

A close exemination of the map of this Aistriet shows in plan:

&) A thin development of Lower Ludlow Shales (270 feet)

b) A thick outcrop of Wenlock Limestone (570 feet)

¢) Two benis of quarries within the Wenlock Limestone,
the dips of the eastern banl being much steeper than those inclinstions
found in the western banl along the same 31ip direction,

Field evidenne of these Limestone bands shows that:

2) Numerous inverted Stromatoporoid colonies exposed on large
bedding surfaces showed the eastern band of limestone to be inverted in
its northern extremity where it Aips to the east. Purther south,
where the 3ip is to the west, the beds are presumed to be the right
WaYy UDs

b) Similer evidence to that outlined in a) showed the western
band to be the right way up north of Rouni Hill, where the limestohe
dips to the east. Turther south the same band divs westwards and is
therefore presumed to be inverted. Anelysis of a miorosconie rhythm
within the sheley limestone showed thege easterly dinving beds of the
western limb to be inverted. (See Appendix pege 219 ).

c) South west of Round Hill, the boundary between the wsstern
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limestone band and the Lower Iudlow Shales is a steep scerp face.
The norms)l contact between Wenlock Limestone and the overlying Iailow
Shale is shown topograr?hically as a smooth, concave surface with a
slight steevening of the glope as the beds become more limey. This
scarp face is interpreted as herd limestone ageinst normsl Lowér
TLullow without any of the transition beds. The author believes this
contact to be a strike fault. Traced northwards this contact becomes
e normal concave surface assoolated with e normal eucéessioh.

'a) A minor 4isplacement of the two limestone bands can be
observed immeliately west of Round Mill. This is possibly e sinistral
tear fault. It is interesting to note that north of this fault the
two limestone bands alter their "way up" with respect to the bands
south of this fault,

The structure proposed by Phillipsl

and accepvted by the vresent
author is that the Wenlock Limestone is here synelinally folded., North

of Round Hill this minor foll is overturned with its exial plane
dipning to the east. A strike fault, probably reverse in nature,
€liminates portions of the Lower Iudlow and the complimentary anticline
to the fold deseribed above,

It is interesting to note that the greatest amount of over-
turning, i.e., north of Round Hill, occurs immediately ovposite the
Ravensbank: Overthrust or where the E. - W. compressional forees were
grestest.

Sections through this part of the structure are giver on

rage 252,
1. Fhillips, J. 1848, op.cit. p.87.
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Crews Hill (32/754532)
A sketch map of this district is given on page 253, This map

ghows that the syncline within the Wenlock Limestone deseribed in

the previous section, persists to at least the wood south of the rosd,
but is terminated s me little distance south of this by « N.E., = S.VW.
trending feult, The probable nature of this feult wes deduced from
the field evidence outlined below.

e) The syncline cannot be traced south of the fault, but may
be present within the Wenlock Shale, since this formation eppeers to
have a much grester development in this neighbourhood than e lsewhere.
This favours an upthrown side south of the fault, (Syncline d&ipping to B.)

b) Trecing the 1ine of the fault westwards proves that it does
not frecture the Aymestry Limestone ridge in any way, but further south
in the locality K.N.W, of Upper Tundiridge Farm (32/732514), the Lower
Ludlow becomes very thin (300 feet) in plan view. Elimination of vart
of the Lower Iudlow could only be brought about by a reverse strike
fault, The author suggests thet this strike fault is the contimistion
of the Crews Hill fault.

A normal feult with a dip to the N.W. would cause a grester
thickness of Lower Iudlow to be seen in plen view in the neighbourhood
of Blackhouse Farm (32/731526).

South of the fracture the Wenlock Iimestone dips normelly at

between 50° and 60° to the west. Dips on the Aymestry Limestone range
from 70%/281° ot The Steps (35/728527) to 48°/235° at Lonsley Green,
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Revenhills Wood (32/738557)

The ares under considerstion in this section is very poorly
exposed, and only “ragments of ~ocks could be found, The 1little
evidence thet was seen, ig outlined“below.

a) Between the Ravensbank Overthrust mass emd a point 3,000
feet S.5.W. of the Fox anl Hounds, Revenhills Green, the grounl is high
and is covered with fragments of limestone reseabling Woolhove, A
swall pit 1,950 feet S.5.W. of the Fox en? Hounds showel a nodular
limestone stained dark purple ani green, epparently unfossiliferous.
The colouring is due to neaby Haffield Breccie.

b) South of Ravenhills Wood the core of Storridge Anticline
is revealed in the form of Llandovery with flenking bends of Woolhove
Limestone,

Between the exposures described in a) amd the structure
outlined in b), a possible fault might exist to aceount for the avparent
complete coverage of Ramenhills Wood with Woolhope Limestone. It is
suggested that the N.B, -~ S.W. striking feult of Crews Hill continues
tlirough Ravenhills Wood downthrowing the strata to the north, end is

itself Aipping to the 8,%.

Structures within the Woolhope Limesgtone of Vest A;Kfripk.

An examinstion of the sketch map on page 285‘,. shows thet
Woolhope Limestone is present along the whole western flank of
Storridge Anticline from Reverhills Wood in the north to ousehole
Rridge (32/739515) and beyond in the s-uth. Closer inspection of

this band shows that this limestone is fracturei by a nwaber of what
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the present author believes to be transverse feults.

These small frecturesvere easily mapped. The limestone formed
a well defined feature end any displacement was recognised by an
offgetting of the ridges and sometimes a depression in the line of
the fault, A1l these fractures have left hani disvlecements except
for the two bigpest ones which are dextral in naiure,

Some of the displecerents create limestone tanis with differing
strike directions on either sjde of the fault, This is particularly
seen in the fracture immeliately north of Mousehole Bridge., Whether
the compressional stresses actually sltered the strite of the limestone »
or the fractures are the result of a tight fold or wrinkle super-
imposed on the mein fold, is a debateble point, but it is poasible
that one of these 3implecements, such as the one north of the briige,
might be the contimuation of the £0ld seen at Crew's Hill, Of course
the Crew's Hill folils might lie out within with Wenloeck Shale and not
bs represented by eny 2istortion within the Woolhope Limestone.

Structures of the Alfrick Pourmd District.

This section discusses the structures within the Woolhope
Limestore and reighbouring formations which form the eastern flank
of Storridge anticline., The beds are fz2irly well exposed in the
numerous smal)l lanes of this district.

The mep shows the Woolhope Limestone to strite at 185° from
Bowel House (32/744525) to the Pouni (32/744522). It forms a wide
outcrop owing to the shallow 2ips between 5%~ 10° to the eost amd the
grouni itself sloping in the iip lirection.
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It is quite possible that minor flexuring ami faulting has
distorted the limestone in places. This is sugoested in g rosdside
exposure 540 feet E.N.E, of "New Inn", Alfrick Pound, vhere the Woolhope

Limestone can be seen to steepen its 3iv from 5° to one of 40° in a
distance of 20 feet, Fhillips also describes this exposure as having
a normel feult to the west and gives a section of the rosdside when
it was fregh and exposed lmore.

The limestone from the Pound to Bridges Stone (32/749521)
alters its strike and curves in e direction 075° and then turns
sharply southwards to a direction 1580. Thus, in vlan view the
linestone forms e broad "S" sheve or represents a minor anticline

and syncline.

South of Alfrick Pound, the beds forming the axial region of
Storridge Anticline become progressively older, repvresented first by
the Woolhope shales exposed in Credley Brook ani the lane leading
soutwherds from the Smithy, anl secondly by the Wyche Beds seen

Purther south in o0ld querries which border the brook S.S.W. of Bridges

Stone.

The Alfrick COverthrust.

This structure borlers the eastern linmb of Storridige Anticiine
between Alfrick Court (32/745533) in the north and Birchenhell Farm
(32/752515) in the south. It is entirely composed of easterly dipping
Wenlock Shale, and terminates the Woolhope Limestone at Bowel House
end Bridges Stone, ZEvidence for this structure wes obtained
princivelly by correleting similer lene seections that disect the

Alfrick district. These sections are given below.
1. Fhillips, J« 1848, op.cit. p.76."
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a) The Upper House - Workhouse Bank lane shows no recosnissble
f"ea.ture that could be associated with the Woolhope limestone, but
instead creates a deep concave surface associated with a hard formetion
aceinst a softer one., Exsmination of the lane's banks shows grey-green
calcareous shale fragments at the esstern end of the section, and hard
grey closely jointed calcereous siltstones by Workhouse Bank, that is
‘at the western end of the section.

.b) A section immedistely to the south along the lane from
Upper House to Bowel House was very well exposed, The eastern end of
the lane revealed an 8 foot section of an olive green jointed calesreous
shele which weathers to a buff chalky dust. Fossils collected from

this locality inclule:

Strovhonella euglypha (Wenlock wvar. ) leptsens rhomboiialis,
Cyrtia exgorrects. Delmenites vulgaris.
Atrypa recticuleris. Craniops implicata.
Bilobites biloba, Plectodonta tranversealis.

The dip on this exposure is 28°/064°. Wurther westwards

there is encther exposure of the same shale, here the dip is 180/0820.
Irmedietely west of this outerop the ground steepens.

At the roed junction by Upper Norgrove (32/744527) there is
snother section which is described in detail. —
Top.  Roed Junction. Sectiondong line 716°, 1ip on beds

250/0980. Derk purple with grey speckling soft thin

bedded ssndy shele. 10 feet+

Grey and purple shale interbeddel with an imrure 8 feet
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dark grey crystalline limestone. The limestone is

very closely jointed forming cubes no greater then 1

inch cube, end has a closely set rhythm of slternate

white and dark grey lines,

Similar to previous exposure, except the fine silty 13 feet

lirestorne is more prejominant and has meny micsceous

layers. The rhythm is slso more vronouncel.

Herd fine flagey sandstone with very thin benis 4 feet+

Bottom, of sandy chsle. The sendstone ig often banded.

The author believes that the section just deseribeid can be
correlated in lithology to beds in the lower Woolhope Sheles and
upper Wyche Beds. The olive green shsle described st the beginning
of the lene section is thought to be Wenlock in age, emd therefore 2
fault must exist between thegse set of exposures.

c) The lane leading from Bridges Store to 01d Storridge
Comnon is not so wellexposed as the previous lane, but the presence
of a fault iz just as easily deduced., |

260 yards S.S.E. of New Inn, Alfrick Pounl, the lane cutting
shows a 50-60 foot incomplete section of 2 softish calcareous
rmudstone weathering to a light buff colour with occasional noldules of

an impure nodular limestone, Fossils from this exposure include:

Atrype recticularis Sowerbyella cf.
leptaena rhomboidalis quinguecosta M'Coy.
Strovhonella euglyvha (Wenlock var.) Skenidioides SPe
Bilobites biloba Dalmenites sp.
Meristellid Xionoceras sp.
Craniocps implicata Acidasvid.

mhe 1ip on this shale is 34°/083°,
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5 feet above these olive green shales, the same bank of the
lene showed typical Wyche beds of thin bedded sandstones, These

revealed:

Atrypa recticularis.
Fevosites sp.

Permorthis of. elegantulas.
Strophomena sp.

70 yards west of the shale exposure there are a series of old
querries which show Wyche beds dipving at 16°/088°. As the VWyche Beds
have such & low angle of dip, it is improbable thet hipher beds than
this formation would outcrop between this line of querries and the

Halvern Boundery Favlt. Again this lsne section must be interpreted

as Wenlock Shale faulted ageinst Llendovery béds.

The line of separation between the Wenlock Shale and older
horizons cen be mapped with fair accuracy by the marked change in
slove. This is particularly true in the north by Worichouse Bank and
in the south by 0ld Storridge Common. Stratum contours drawn uvon

this comtact show it to be dipning et 10%- 20%n a direction 080°,

Such a contsot is probebly a low angle thrust,

It is uncertain what happens to the contact at Bridges Stone
since there is s covering of Haffield Breccia amd slluvium in this
arza.,

The Bridges Stomne -district (32/749522)

& sketch map of this digtrict is given on pace 2535 From
this map it is seen that the structures are principally within the

Permo-Triassic formations and the field evidence for deducing - the
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relstionghip between the various bels is given below.
The vertical junction between the Hafrield Breceia and the
Keupel' Sendstone can be seen in the roal section above Xnepp Farm;

the breccia is dirving at 65°- 70° W.S.W., whereas the psndstone is
iipoing 10°- 20°E,N.%, The breecia is weethered to a yellowish colour
et the junction. The engular reletionships between these two
formations suggests thet the junction is a feult.

BExposures at the side of the rzath leading from the rosd down
to the brook show the breccia to be dipving at 72°/2959, whereas in
the stream section, the dip is 80°- 90°B.N.E. 1In places there are

bands of purplish and greenish grit with flettened nebbles which
enpear to have no counterpert at the other exposures of the Breceia .,
A gteep gulley occurs at or near to the Silurian-Breceoia
contact between the road and the brook. MNogt significant is the
vresence of o small patch of sendstone which lies with apparent
unconformity upon the breccia. The szndstone is soft, white with
vurple sireaks and spots and crumbly. Its dip is avproximetely
60°/085° and is seversted from the breceia by a thin soft grey amd

khaki-brown clay. The 4ip on the breccia is Aifficult to jecide.

The age of this sendstone ani its relationship to the breccia is
uncertein, but as the clay band bas ro apprecisble dip, it is
suggested that the sandstone lies unconformably uvon an eroded
Haffield Brecoie land surface.

Small exposures of Woolhope Limestone and Wenlock Shale were

founl immedistely west of the gulley, - It is suqgested, therefore,
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that a branch of the ifalvern Bourdary Fault Aownfaults the Haffield
Breccia and Sandstore to the east from the Wenlock formations.

South of the brook, only evidence of shales of Wenlock age
could be found, The Haffield Breccia is terminated in some way in
the vicinity of the brook. It is sugeested that the brececia might
form & lens shaped mass in plan view and be vart of a horst structure.

Coneygore Copvice (32/745510)

The geology described in this section is comparstively straight-
forward, arl is confined to the Llandovery and Woolhope formations.

Cradley Brook which flows between Tor Copvice end Coneyoore
Copvice shows a great number of exposures within the Llandovery,
nrineipally in the Wyche Beds. Their dips vary between 5° ani &0°

and their directions of 4ip between 210° and 265°, From this it can

be seen that the main structure of Storridee anticline ig by no mesns
a simple fold, but is possibly represented, st leawt here, as a small
anticlinorium,

The Woolhope Lirestone is faulted in four places between
Househole Bridge and Shuttifield Coppice (32/743503) and the author
suggests that these fractures are transverse in nature, similar to
those found to the north at west Alfrick. Al these faults were
mapped on the disvlacement of the Woolhove Limestone ridge and an
associated topogra-hical depression along the strike of the fault,

Mallins Wood Area (32/745498)

A sketch map of this district is shown on page 257 and the

reeder can see that the structure is orincipelly concerned with
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folded and feulled Woolhope ard Llanjovery beds.

Close examination of the brook thet runs along the western
edge of Mallins Wood showed that the Woolhope Lim stone and overlying
Wenlock Shale were tightly folded into a syncline and antielire with
exes striking in a direction of 185° , that is oblique to the main
Storridge antieline by 15°. The syncline, which is the fold that
lies to the east of the two, is so tightly compressed that its
axial region might be faulted, since both limbs of the fold become
verticel in dip in the axial region,

The western linb of the anticline is at one voint overturned
and shows a dip of '70°/086°. The folds are therefore assymetrical, at
least at thie point, with easterly inelined axial planes.,

The folds are easily mapred, sinece the Woolhovpe Limstone forms
e prominent ridge which is erranged in a flat "S" shape, Immedistely
north of this section, there ig another stream section through
Woodhouse Dingle (32/745501) where the two folds are agein seen,
this time in beds of Woolhope Shele ani Wyche Bed age.

When the Woolhope Limestone is traced northwards along the
well defined topographical ridge, a point is reached 750 feet
S.E. of Betchcomb Farm, where the limestone band is displaced
indicating an oblique fault. Discussion of this fault is made in
8 later chapter (see page 166). The author concludes that thig
is & reverse fault dipving westwaris snd thus has a ownthrown
east side.

South of Malling Wood in Merryhill Common (52/748491) the

Woolhope Limestone is again displaced by en oblique fault,
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possibly another tear or reverse fault similar to those described
for other dislocationg of the Woolhope Limestcne,

Birchwood Overthrust (32/757497)

A deteiled sketch mep of this iistriet is given on pace 258,
Evidence for this structure in terms of field observations is given
below:

a) The Yimestone exposed in the numerous quarries of Limekiln
Coppice has lithologicel and thickness similarities to Wenlock |
Limestone.

b) The limestone exposed on the main roed and the topographical
ridge which obliquely cuts the roa? is undoubtedly Woolhove in age,
ginee it is underlain by typical Wyche Beds exposed in Doddenham's
Grove, further westwerds towards Storridge. The seme reasoning is
applied to an expoéura of Woolhope Limestone exposed north of
Limekiln Coppice,

c) The boundary along the western edge of the Wenlock
Limestone is a scarp face curving eastwards north anl south of
Limekiln C@piw, cutting obliquely across the bedding of the Wenlock
Limestone,

d) Wenlock Shale is exposed in a stream section between the
main road and Limekiln Coppice. This exposure is slong the strike
direction of the Wenlock Limestone exposed in Limekiln Co-pice to
the north. Clearly a fault separa“es thé two exposures.

e) The Woolhope Lirestone ridges appear to sbut ageinst the

high grouni formed by the Wenlock Limestone.
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f) N.E. of the Wenlock Limestone the ground is relatively
flat, ani contains mnumerous shale fraoments. A pit dug in this
erea showed a clacareous grey-green thin bedded shale; fossils
were scarce, but those identified include:

Atrypa recticuleris
Ieptaena rhomboidalis.
Bilobites biloba

Cyrtia exporrecta
Bospirifer cf. radigtus,

Assuming the Wenlock Limestone is the right wey up, the

shele would be Wenlock in age.

From this, the present author concludes that the Wenlock
Limestone ani Shale is overthrust on to the Woolhooe Lire stone
and Wenlock Shale of the eastern limb of Storridge Anticline,

From stratum contours drawn on this fault plane, it wes calculated
thet the plane is dipving at 15-20° in a direction 065°.

Phillins! does not record this complication; but shows the
beds in an ordinary succession from Llandovery to Wenlock Shale.
Groom? suggests thrusting has taken place, but does not show that
the thrust mass extends as far westwards as the Woolhove Limestone
of Limekiln Coppice.

The stresm section 300 feet N.W. of Hew Inn is not vart of
the overthrust, but is described in this seetion due to its vroximity

to this fault, The section ig incomplete and extends over sbout 50

feet. 1., Phillive, J. 1848, op.cit. Mep at back of memoir.
5. Grooms T.T. 1800. Q.J.G.S. Vol.IVI. p.198,
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East end. Purple marls - “euper,
Grey, but sometimes .1ight green or brown, soft
sticky clay with numerous earbonasceous inclusions.
This is correlated with clays of similar lithology.
found by Kingswood Common, Martley - Cerboniferous.
Soft grey-green calecareous shales with
occasional nodules of impure limestone, Dip
24°/009°. These shales ere probably Wenmlock in
age sinece they vass downwards into Woolhope
Limestone when traced westwards - Wenlock Shale.
Western end.
The contact between thefriassic ani Carboniferous is seen
in the banks of the stream and is shown as Qérls resting apgainst
grey clay without eny contect phenomena, It is uncertein how much

slumping hes oceurred et this point. The other contact ig obscured.

Westwards of this area, the core of Storridge Ankicline was
investigeted in the streem section whieh runs besides the main
roed in Dodderhem's Grove (32/756489), The western end of the
Grove showed that the Llandovery beds were flexured into a rumber
of tight wrinkles and folds.

The Wildsocose and Whitman's Hill Districts.

The structures about to be described are foundi in the

Wenlock Limestone and Lower Ludlow sheles. The structure consists
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of a syncline with a complimentary anticline to the west and an
apparent left hand displacing fracture on the anticline's western
limb, The strike of the fault is varallel to the folds’ axes and
are oblique to the main tremd of Storridge Anticline. '

Little can be said that the map on page :#; does not show.
The rocks are exceedingly well exposed within the numerous old
querries, In many places the actual core of the anticline was
exposed, these include: |

a) 888 yards 5°N. of W. of Whitkans Hill Farm (32/744473)

b) 930 yards S.W. of Whitmans Hill Parm (32/744478)

c) 1,000 yards N.E, o” Cradley Church (32/745475)

North of Wildgoose Hill the mapping is not quite so distinct
since it is masked by low lying boggy groumd (32/744489).

South east of Whitman's Hill in the neighbourhool of Uoper
Vinesend Farm, there are numerous o0ld guarries in the upper vart
of the Wenlock Limestone which show bedding plenes which are flexured
into corrugstions or rolls. None of these minor £olds have
amplitudes greater than a foot or closures larger then ebout 3 feet.
These wriniles may be attributed to drag during the major folding
movement.,
Rough i1l Wood and Cowleigh Park Districts.

Part of this district is shown on the sketch map on page 36];.
Examination of the & ineh map shows that this section ieals mainly
with the Woolhope and Llendovery series that form the western limb

o? the main anticiine,
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Congidering first the Woolhove Limestone, we gee it to be
divping at betwsen 20%nd 35° in s direction roughly 260° by 11
Ferm (32/757483) in the north. The limestone steepens soutiwards
until it is inverted by the roal at Cowleigh Bridge, TFurther %o

bhe south the limestone sssumes 2 normal dip of between 30° and 40°

to the west.

The most consvpicuous fact about the Llandovery of this listrict,
is the pink gri% which strikes roughly N.- S. through Cowleigh Park
end Rough Mill Wood. Mention has already been maede to this horizon
on page 13, By the appeerance of the scarp face, it would appear
that the grit is overturned in wost vleces, it would at . le-st have
a very steep din, since there is only 540 feet of rock between the
grit and the base of the Woolhope Limestone at Cowleigh Bridge (32/
759478). The vink grit banl curves eastwards north of Rouch Hill
Wood suggesting thet the storridge anticlinme nitches to the north,
at least in this locality.

Only two fractures could be found in this listrict,

The first was mapped as an oblique fault by Hill Farm. There
is a well exposed section of the Woolhove succession S.W. of the
farm in a track. Investigation of this section showed normel Foolhope
limestone grajing Jowmwards into normal Woolhope Shales. At o voint
in the section outside the farm, there is a small exposure of limestone
similar to that found in the track to the S.¥, of dill Parm, i.2.,
Woolhope Limestone, Associsted with this small exposure of Woolhope

Limestone, there is well lefined topograrhical ridge striking
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southwards through Rough iHill Wood o the Corvvieigh Park road. ’i’he
present author does not attribute thié limestone ridge to part of another
development of limestone within the Woolhope Series since this would
necessitate a thickness of between 200 anld 300 feet for the Woolhone
Shaleg, which is unéom.monly large. The present writer, therefore,
suggests that the Woolhove Limestone has been repeated by a fault.
The Woolhope feature which strikes frem Storridge is terminated
1,100 feet 8.9.W. of Hill Farm by a N. &%, - S,8.¥W. devression,
which suggests the limestone is faulted. Tt is quite possible that
this frecture is the ons that rereats the Woolhove at Hill Farm,

The seme fault mey exteni northwarls along an associated Je-ression
in the Llandovery to Doddenham's Grove,

It is obvious that this fault hes a downthrown sile to the
east and thus could represent a reverse fault dipping westwsrls or
a normal fault Aivving eastwarlds. Zoth theése %rends are vossible,
but as the suthor hes proposed tha* s 'milar trending faults found to

he north by Alfrick in the Woolhope are tear faults, he suggests
that this frecture unier liiscussion is of a similer nature.

The second Tault is situated in High Wood S.W. of Cowleigh
Park, Here the Pink Grit anl Woolhone Limestone are 3isplaced by
a right hanied tear fault.

Groom® unlike Phillips vecognisel two other faults. The

firet nath of Rough Hill Wood is tear in nature and terminates the

pink grit and Woolhope Limestone by Hill Ferm. This is not

1. Groom, T.T. 1900 op.cit. p.157 2 197.
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confucive with the present author's mepping, The second fracture
lies along the line of Whippets Brook enl is also supposed to be
tear in nature, Close inspection of Grooms map shows an anomalous
interpretation, The displacements on the Woolhone and vpink grit by
Cowleigh Bridge are vractically negligible, whereas e lerge throw
woull be neeled west of the bridge, where Wenlock Shele is geen
azainst Cowleigh Perk grits. The present writer cannot finl any
evidence for the inelusion of this fault.

The Cowleigh Park ani Whippets Brook Distrilcts.

Thig section is concernel with the Aistrielt immediately
north of North Hill and esst of the Pink Grit mentioned in the
previous section. A gketch map of this area is shown on vaze 261,
and the tectonics associated with this &is’nric?: are part of those
of the main Malvern Hills described later in this thesis.

The area is exceedingly complex, @issecte% by numerocus fauliss
anl bears 1no relationship to the main structure of Storriige
Anticline to the west, Txposures are very few eni resort had to be
nmade to fregments and tovographical features for the delinestion
of the struecture.

The most striking features of this ares ere the massaghf
syenite eest of the roed. These messes are mapped as two leng
shaped areas, the northern one elongated N. - S. across Wnippets
Brook (32/762480), and the southern one extenling also N, - &,
cuts the fiorth Melvern-Cowleigh Gate rosd (32/763477). The rock
has previously been discussed on paqel 9 , and a pre=Cambrian age

was concluded due to their lithological similarity to the Malveraian
of Norta Hill.
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It is quite obvious that the boundaries between these two
masses and the younger rocks must be faulted, the nature of which
will be discussed later, Zast of this faulted area, Groomlz'ecognised
synclinally folded Wenlock and Ludlow beds, but the present author
does not finl enough field evidence to subgtentiate this claim,
iapping shows the ovresence of a geries of N,N,%, - S,8,W, striking
beds dipping to the E,S,E. at an angle of 30-40°, Tvidence to orove
this is given below.

a) 330 yards E,N.E, of Cowleigh Bridge, typical Wyche Beds
were found in a 4 foot pit. These beds were grey calcareous
siltstones with sandy anl limestone nodules, Nany fragments had the
rhythnic bedding common to horizons belonging to the Unper Wyche
Beda.

b) 8.W. of the pit mentioned in a), there is a high ridge
striking N.BE, « S.W. covered with .limestone fracments. This "rusty"”
limestone had the lithological characteristics of the Woolhope
Limestone. This ridge appears to be terminated 450 yards E.N,E.
of Cowleigh Briige,

¢) Between the ridge mentioned previously ani the high
feature through iHill Coprpice, there is a marked topographical
depression. A small exposure in the track lealing from ¥ill
Coppice to Cowleivh Park Ferm showed a2 gfew—green celecareous shale

steined purple. The 1ip on these bels is 35°/100%nd Tossils

1. Groom, T.T, 1900 2.J.G.S. Vol.IVI, p.157,
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collected from this exposure include:

Chonetes lepisma

Atryva recticulsris

Bilobites biloba

Cyrtia exporrecta

Ievtaena sp.

4)The south eastern flanks of the ridge through Mill Coppice

are covered with limestone frag:ents, typically Wenlock in age with
its numerous érinoid remains and fragmented fossils. A particuler
peculiarity is its oolitic naiure, but this is not abnormal, since
there are many exposures showing “both colitic and pisolitic
limestones 'atWest Malvern, less than one mile from ¥ill Coppice.

The observetions on the roal section between Cowleigh Park
Ferm and Cowleigh Bridge sre in agreement with those illustrated by
I:hillips1 » except that the limestone he calls Woolhove is thought
to be Wenlock in age by the present suthor.

Examination of the facts already outlined showsfhat the mapped
thickness of Wenlock Shale is abnormally smell (300 feet) and that the
Woolhope Limestone is not persistent along its strike. A= oblique
reverse fault is oroposed with a dip to the E.S.E, as shown on the
map. Another Tault must also exist along the line of the road
immediately N.W, of Cowleigh Park Farm, since sandstones of Llamlovery
age are founl on the south side of the lane snd horizons of Wenlock
age are to be seen in the northern banks of the roai, Thig is
probably a left handed transverse fault with 2 throw of at least

1200 feet.

1. Phillips, J. 1848. op.cit. p.37.
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C-nsilering the relationship of this area to the rest of
t“he structure, the reader is reminded of the numerous ocourrences
of petches of complex geology along the eagtern margin of the lalvern
anl Abberley Hills and their interpretation as thrusts. The present
writer therefore proposes that this area under discussion also
represents a portion of en overthrust which has subsequently been
lowered to its present position by a normal fault, represented as
he western margin of the area. Thus this small district may be
considered an epitome of the whole Malvern Range, ani shows the
possible relati-nship of the beds beneath the Triassic east of the
Malvern Hills,

The tracing of this normal feult northwards from Whippets
Brook is uncertain, but it no doubt joins the Eastern Bounlary
north of Whippets (32/762485). The southern extension of the same
feoult from the southernmost syenite mass is equally as uncertain,

but probably merges with the faul® that bounls the western 1imit

of the Malvern Hills.
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MATHON ANTICLINE AND SYNCLINE,

A lerge sketch mep of this distriet is shown on page 2682

These structures lie to the west of the Malvern Hills in the
district of Hathon. Here the Iudlow =nl Downtonian strata have
been folded into a western anticline erd an eastern syncline with
N, - 8. striking axes. WNormsl faults have subsequently Practured
the folds:into the pattern geen today.

The reader is reminded of a series of Jescriptions that have
been made in this thesis, of Aisturbsnces on the western 1imb of
the Storridge Anticline, These include the Wenlock Iimestone et
Whitman's Hill (32/744478) (see page 154), Woollope Limestone at
Mellins Wood (32/745498) (see page 150), and o possible 2isturbsnce
on the eastern limb at Bridges Stone (32/749521), A1l of these
structures have included a synecline, anticline and fault with fold

exes striking 185° . The suthor believes all these structures

to be part of the same fold system which has, at Mathon, folded the
Iudlow and Downtonian. A brief account of the field evidence that
was found is listed below:

a) The synclinal portion of the system was comparstively easy
to map. The north enl of High Grove Wood (32/748467) showed a set
of Aips on the western and esstern limbs aml the exisl region, all
recorded on the Lower Iudlow Shale.

The eastern limb of the fold is well defined by a N. = S,
striking ridge of Aymestry Limestone which vpasses immediately west

of Bank Farm, through Stockton's Coopice to outcrop in a gquerry by
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the mein road at Pemberton Cottages. The dips on this limb are
between 20° anmd 28° in a direction aporoximately 240°,

The western limb is not so well defined, but cen be traced
through the eastern edge of High Grove Wood, to a point west of
Long Grove (32/747459), where it is faulteil. This 1limb is much
steeper than its eastern counterpert, dips of 52° and 65 were
recarded in a direction aproximately 0900. The syncline is therefore
asymmetricai with its axial plane dipping to the west. The southern
end of the western limb curves to the west and shows a portion of
the crestal region of the smticline. A 1ip of 9°/162° wes recorded
on the. Lower Ludlow Shale, 450 yards E.S.E. of Cockshot Hill, which
must represent an ocuteron not far removed from the exis.

The syncline forms high grourd with a conceve surface on top
of the Hill, Phillipsl recognised Dowvntonien in the central
portion of the syncline, but the present suthor has only found
beds as high as the Upper Ludlow in age.

The syncline is faulted obliquely south of Long Grove, but
the vresence of this structure south of the f‘au].t cen easily be
seen in Bagburrow Wood (32/749455) where the 2ip is 40°/077° ani in
Littley Copvice (32/755453) where the Aip is 27?/242". ‘The section
across the fold south of the fault, is one strﬁgﬁurally higher and
exposes Downtonien in the axial regiom.

'b) The enticline of the fold system lies to the west of
the syncline described above, The western limb of the fold. cen

1. Phillips, J. 1848, op.cit. Map at rear of Memoir.
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be treced through ilill Wood (32/741469) and Cockshot Hil1 (32/742464)
as & high ridge of Aymestry Limestone. Dips on the limestone and
Upver Ludlow range from 60° to 85  in a general direction 255°, At
one point immediately sofith of Hill Wood the limestone is overturned
by 10°.

South of Cockshot Hill the anticline is fanlted obliquely in
two places, and the fold re-appeers in Rowburrow Wood. 01d quarries
anl recent clearing of this wood have shown exvosures on the western
limb and crestal regions of the anmticline, Dips on this western limb
show it to be dipving at between 15° and 30° in a gensrsl westerly
direction. This western Iimb is truncatel by an oblique fault
N.W. of Mathon Court (32/746455).

Dips elong the road side by Rose Ferm show that the eastern
1imb is dipping et up to 80° in a direction 085°,

The femlt system, although apparently complex is comparatively
simple and mede up of two principle ﬁ.W. ~ 8.E, normel faultsénl a
N, - S. reverse fault, The faults on the sketch mep (see page 264 )
are muibered, and descriptions of these fractures will be given delow,
beginding with the normsl faults.

Pault 1. This fault strikes from Cockshot Hill through “he narthern
part of Rovburrow Woold to Littley Coppice. It is mapped on surface
features, such ss the truncetion of limestone ridges, anl surface
depressiong, The Practure has a Aownthrow gile to the S.W, anmd it
is suggested thet it is normel in nature, sinse it is parallel to

another greet normal feult 3. Thus the author believes this fracture
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to be normel in nature 3i-ping to the S.W.

The fault is thought to change its strike Airection slishtly
at the southern end of Long Grove, end cut the esstern limb of the
syncline by the main roed. This change in direct'ion mey be due to
difference in competency of the rocks. Thus the strike under the
oroposed conditions would have a bigger easterly component, the
greater the competency of the rock. This is seen again when the
gsame fault is believed to cut the Wenlock Limestone further to the
S.E, at Colwall Stone (32/763435, )

Feult 2. A deep topographical dewression striking 080° through

the nor_thern edge of Rowburrow Wood is thoueht to be the vosition of
another fault. Additional proof of this fracture is that it truncates
“n Aymestry Limestone ridge. Also north of the proposed fault an

excellent exposure of Upper Iundlow was founi Iipping at 280/5040,

anl south of the depression there were numerous exposures of Lower

Ludlow. Fauna collected “rom these localities incluile:

North of the Fault. South of the Feult.

325 yards 8.8.%E. of Cockshot #ill. 420 yards S$.8.W. of Cockshot:
Dip 28/304°, Dip 26/306°. Hill
Chonetes Striestellus., Delthyris elegens.

Deyia navicula Creniops implicata

leptaena rhomboidalis Dalmanella sp.

Dalmanells sp. Berychia machoana
Murchisonia sp. Cornulites ?

bLcidaspis sp.
Prom the mep it ie seen thet this fault also has a iownthrow

side to the south, and the author sugeests that this fault is a
fork of fracture 1 anl is exactly the same, both in nature axd 1i

g

3irection.
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Feult 3. This fault is a major fracture an? may be mapped from
Overley Géttages (32/7384682) to Gardeners Common (52/754421) a
iistance of 3 miles, Along its whole length it trunecates the
limestone ridges of the Silurian formetion, In this locality it
terminstes the western limb of the anticline st Overley Cottages and
Hathon Court and the eastern 1limb of the fold to the south of Bagburrow
Wood (32/750448).

Downtonian strata is found south of the fault, and thus the
fracture hes a downthrow side to the S.W. In a later section, the
nature of the fault is discussed, and the vrobsble throw established
(see page172),

Paults 4, 5 ani 6, These three faults are vert of the same fracture

which has itself been faunlted by faults 1 and 2,

The evidence for 4 and 5 cannot be seen in the fiell, but are
inferred from the close similarity of the complete Mathon fold system
to these gystems found to the north at Whitmans Hill enl ¥allin's
Wood. Close inspection of the areasjust mentioned shows that slong
the western 1imb of all the anticlines there is a2 fault obliguely
cutting the formetions anl striking parallel to these folds' axes.
Such a fault is presumed to comtinue to the Mathon istrict and sppear
b Cockshot Hille The normal fractures 1 and 2 would fault it to a
position west of Rowburrow Hill, where a fault is actuelly mapped

from field evidence,
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The fault west of Rowburrow Hill (6) is substantiated by finding
Lower Ludlow apparently resting upon Upper Luilow, The Lower Iuillow
has alresdy been esteblished (see fossil list under fault 2) and
ample exposures of Upper Ludlow ani Aymestry Limestone exist east of
the Lower Ludlowfn Rowburrow Wood., All of these formations are
dipving to the west. The Lullow formation has obviously been reveated
by a strize fault with downthrow side o the east.

In considering the nature of this f’ra.é-ture, there are the
alternatives of either a normal fault dipping to the east or a reverse
fault dipoing to the west. The fault hes a striite which is persistently
parallel anl close to the fold axes, and the present author believes
that this fault was the result of some compressional earth maement
that ereated these 1ds. The fracture would, unier these conlitions,
be reverse in nature ani dip to the west,

Fault 7. Within the fault block bounded by feults 1 and.‘z , there
are two distinet series of Lullow beds, all dipoing to the west,

The idea that they might be parts of limbs of recumbent folis is

not seriously consilered since the Luilow “ormetions are repeated

in such a way as they both young westwards. Such an arrangement is
the result of a strike fault, The mapping of this fracture is by no
megns certain ani can only be ascertained by surface feature, It
appears to be truncated by faults 1 ani 2 and to be parallel to
faults 4, 5 and 6, and for this reason, is taven to be another

reverse fault dipping westwards
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Summarising it is seen that the Mathon antieline, svneline
and reverse fault on the wegtern limb have been normally faulted

by MW, = S,E. striking and S.W. dipping faults,
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MALVERN ANTICLINE,

This chapter deals with the structures in the Silurian rocks
on the west side of the lMalvern Hills, These strata are part of the
western limb of an anticline, the central and eastern regions of this
fold have been overthrust and faulted away from its originel vosition,
The formations near to the pre-Cambrian sre generally overturned and
show a high dip to the east. The whole structure has been subdivided

into sections which will be desoribed below.

West Malvern District.

The Silurien »ocks are, in this district, Aipping uniformly to
the west, The Wenloek Limestone has a dip of between 30° and 50%n a
general direction 250°, amd appears to be completely unfaulted from
Whitman's Hill in the north to Colwall Stone (32/764435) in the south,
In the region of Park Wood ard Mathon Park, the limestone appears to
have a much thinner development than elsewhere, but this voint has been
discussed on page 29 .

The Woolhope Limestone is overturned slong its whole length
of outerop, epart from the district around Birches Farm (32/7604568).
Like the Wenlock Limestone, the Woolhove is comperatively free of
*ractures., The Woolhope Limestone was mavped as a sharp change in
topographical slope which passed through the town of West Malvern,
Park Wcod and Uoper Wyche.

The Wenlock Shale is inferred to exist between the Woolhove

and Wenlock Limestones. There are no exvosures, but the ground is
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covered with numerous fregments of an olive green shale, At times
“he sﬁale maps as a much thinner bed than that found to the north in
the Storridge district. Tt might be possible that it has been
tectonically squeezed, ani vert of it eliminated during one of the
great compressional folding movements,

Beneath the Woolhope, there are a few exvosures of Ilaniovery.

1

Groom™ in his peper mede particular note of several exposures of

Llaniovery rocks, especially those close to the pre-Cambrian.

Unfortunately, most of these exvposures have since disapveared, or the
quarries built on or filled in, There are, however, two interesting
exposures that are still visible and these will be described below:

a) 620 yards W.N.W. of North Hill fragnents of Llandovery
sandgtone were found 80 yards from the pre-Cambrian-Silurian boundarv.
Closer investipation showed that these fragments coincidel with a
topographical depression striking N, - S. snd separatel a mass of pre-
Cembrian from the main mess of North Hill.

b) A great deal has been written about The Dingle, West
Halvern (32/765456), but here again most of the exposures have since
become obscured. One interesting “act still remaing however, and that
is the apparent inclusion of a band of Llaniovery Sandstone within the
ore-Cembrian ani 20 Teet above the eastern mergin of the Silurian,

The inclusion of these mgsses of Llanlovery within the pre-
Cexbrian can only be explained by faults. Whether they resulted from
the overthrusting ani form part of an imbrficate zone,or resulted from

1. Groom, T.T, 1900. op.cit. p.149-155,
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the later normal faulting is very diffieult to decide.

The Colwall Stone and Upper Wyche Districts,

This section is concerned with the faulted Aistricts of
Broeckhill, Colwall Stone and The Wyche,

Beginning with the Ludlow formations and particularly the
Aymegtry Limestone, it is seen thet these formations dip at between

25° and 35° in a general lirection 264° from Mathon to Brocikhill

Coppice. South of this location, the limestone curves westwards and
alters its iip direction to 278°, 350 yards S.E, of Brockhill Farm the
limestone ridge is terminated by a N.W.~ S.E. striking fault - the
Colwall Fault.

The mapping of the Wenlock Limestone showed a similar change
of strike direction oouiparable with thet founl in the Aymestry Limestone.

The strikes were 264° in the region of Park Wool and Colwall Covpice, but
suddenly changed to 312° in the region of The Quarry. The change is

very sulden and the region of the change is marked by a deep topographical
depression striking at 315°., The author believes the Wenlock Limestone

is faulted at this point. The fault has s downthrow to the S.W. and

is probably normal in nature, and appears to be parallel to the Colwall
Fault. The author also suggests that this particular frecture may be

a continuation of fault nuuber 1 describel in the ilathon Anticline amd
Syncline (see page 164). A contimuation of this Practure slons its

strike eastwards, shows that it also dislocetes the Woolhope Limestone

at a point 550 yards S.8.W. of the Wyche cutting (32/766433). Although

the Woolhope Limestone is inverted at this point, it is 3isplaced in
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such a manner as to suggest that the “ault has a lownthrow side to the
S.W,, which is in agreement with thet deducel vreviously.

An interesting feature sbout the Wyche Pags (32/768437) is
the occurrence of a patch of Llaniovery sanistone close to the western
opening of the cutting. According to Phillipsl, this is embedded in
the erystalline rocks, This author reproluces a sketch of the section
and a 1list of fossils collectel from the sandstone, he shws the Llaniovery
to be almost vertical (inverted at the ‘r..op), anl to belong to the upper
part of the Wych Beds. The present author was not fortunate enough to
find evidence of these bedded rocks, but was able to £inl mumerous
fragments of a gandstone similar in lithology to the Llanlovery samistone,

Detaile? mapping of the Aistrict between the Wenlock Line stone
and the pre~Cambrian was mede by the Geologlcel survey in connection
with their survey of the Malvern railway tunnel, The result of this
work was published in "Summery of Progress" for 19252. In this work
the author reproduces a section along the line of the tunnel, which
shows numerous faults ani minor folds within the Wenlock Shale,

The fault at the mouth of the tunnel (the Colwall Fault) was
regerded by Phillips as a sharp flexure accommpaniel by squeezing out
of the beds5, but was more correctly manved by Holl as a true fault,
All subsequent workers have termed the separation as a fault., The
excavations Tor the tunnel showed that the fault at this voint was
vertical ani sepsrated rocks of ages i) Upver Wenlock Shale from

ii) 013 Red Sendstore equivalent to an horizon 300 feet sbove the

1. Phillips J. op.cit. p.64
2. Robertson, T. 1925, "Sumnary of Progress" Mem.Geol.Surv.1926
Do Hlillips, Js 1848, OPQCit. D.1560
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base of the 014 Red Sandstone. Estimetes of the throw of this fault
show it to be nearly 2,000 feet. The oresent author suggests that

it is mormal in nature ani is soparently terminated to the east by the
Western Boundary Famlt.

Linden Manor District,

This section leals with the fault system mapped in the
vicinity of the Linden Manor Hotel (32/764426), A sketch map of this
distriet is shown on page 266 . Basically, the area is composed of the
mejor Colwall fault and three minor faults.

The Colwall fault strikes at 150° from the railway cutting,
through the grounis of Winnings Farm and Linden Manor to a point on
Gerdener's Common where it ig terminated by the pre-Cembrien bourdary.
Along its course it truncates the Aymestryv and Wenlock Limes:one
ridges south of the fault and the Woolhope Limestone north of the
fracture, It is easily mapped bv the surfece depression it forms.
The apparent surfece displecement of the Woolhope Limestone by this
fault is considersbly less then displacements on beds higher in *he
Silurian formation., This is thought to be due tc the very steep dip
of the Limestone and possibly to the change of Aip direction from
inverted at the surface to steeply dipping normal beds below the ground,
It is uncertsin whether this fault is vart of the Western Boundary
Fault or 1s actually terminsted by this frecture, or even contimues
to dislocate the pre-Cambrian rocks of the Malvern Hills,

North of the Colwall Feult, ‘fbhé Voolhope Limestione is

Cislocated by three faults. All of them were mapped from surface
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fectures, such as the displacement of the ridge associated with the
Woolhope Limestone. All of these fractures are thought to be mart of
the same movement thet brought the Colwall Fault into being, It is
interesting to note that the Geologicsl Survey also mapped these
faults snd detected their presence in the Malvern tunnel within the

.
Wenlock Shale

Between the Colwall Fault and Evendine, the geologv is

‘ comparatively simple. It is composed of uniformly 3ipping beds, which
are apparently free of fractures apert from one, This fault is
deseribed in the next section.

The beds become steeper in dip the closer they are 4o the pre=
Cambrien, The Ludlow dips at between 37° end 56° in a general
direction 285 , the Wenlock Limestone 60° to P0° in the seme Firection
(it is overturned in one place in Hamnwsy's Copvice) and the Woolhope
Limestone is completely overturned and Aips at sbout 500/11 5°,

Hereford Beacon Distriet.

The mass of Hereford Beacon stends out ent forme & surmit which

3,

is avparently 7 mile west of the main ¥alvern chein. Mapping the
contact this mass makes with the Silurisn roeks leaves no doubt that
this boundlery represents a2 low angle thrust, Blythg Aeduced that
this thrust plene dipped at about 15°- 20° to the esst. Murther
evidence thet this bourdary is e feult is shown by the fact that

1. Robertson, T, 1926. Mem.Geol.Survey, Pig.17.
2. Blyth, F.G'H‘ 1952- GeO]..Mag. Voli}:Cop.185O
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various members of the Silurian formetion sbut sgeinst the mass. This
is admirably seen in the Woolhope Limestone south of Hereford Beacon.

As might be expeotel, such thrusting ceusel effects in the
Silurian rocks close to the mass, and field evidence shows that the
Wenlock Limestone bulges to the west, anl is epparently faulted and
folded further to the West. Immediately north of Hereford Beacon,
two N.W. - S.E. striking feults were mepped., These two fsults are
discussed below:

2) The northermmost Pault Aisplaces the western pre-Cambrian
bouniary, the Woolhope Limestorne sni the Wenlock Iimestone, but not
the Aymestry Limestone. All of the fracturei formations are displaced
dextrally end it is suggested thet this fault is tear in nature.

b) The second fault is nnt so easy to define, The Aymestry
Limestone ridge ends in the vicinity of Evendine (52/756412), but
only o subdued feature coull be found immedistely south of the Pault,
This was also true of the Wenlock T.imestone. As far as could be
estimated the Wenlock end Avmestm} Limegtones had heen Aispleced to
the east south of the fault, This evidence shows the vresence of a
fault striking N.W, - S.E, Continuing this fault elong its strike to
the S.BE. slows that it correspomds with a merked lepression in the pre-
Combrian and marks the northern limitof the Uriconisn, It therefore
acpears to be at least later in age than the Western Roundary Fault
(see vage 188) and is possibly normel in nature with downthrow +o the

S.W,
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The Wenlock Limestone becomes overturned by es much as
45° in & vosition opposite Hereford Beseon.

It has already been stated sbove that the Avmestry Limestone
feeture is somewhat sublued south of Evendine. It is quite possible
that pert or even the whole of it might be strike faulted out by a
N,= S, trenrding veverse or thrust fault, the Lower Ludlow being vushed
over on to the Upper ILudlow., Such a feult was mepped striking up
through News Wood to the west of the Wenlock Limestone. This fault's
extension across the Le 'bury road to Halfield Covpice is uncertain,
The peology of this emell eres, comprising the northern end of News
Wood end Cathy Croft, could not be satisfactorily mepped, since the
author believes the nature of the numerous feults present, coul? only
be deduced by mapping the Wenloek Iimestone +o the south.

Chance's Pitch end Barton Court Districts.

A broad riige stretches from Cathy Croft (32/757402) to
Chence's Pitch (32/743403). Small quarries of Aymestry Limestone
could be seen along the whole length of the ridge and showed this
formation to be dipoing in a genersl northerly Airection., The
dip on the beds became progressively less when tracei westwards from

20° to 11°, The Aynestry Limestcne appearel to be poorly Aeveloped

in this locelity.
The district of Barton Court shows some excellent exposures
of Upper Imdlow. The gtrike on the beds here, and along the northern

Plenks of Chance's Pitch , shows that this formetion ,ani no doubt
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the Downtonien,is folded into & syncline in the vicinity of Netherpaths
(52/752409) ,an3 en antieline at Cummings Farm (33/738409). A fault
might exist to the west of Barton Court which obliquely faults the
western limb of the snticline, This fracture is substantiated by the
existence of o scerp face striking N, N, W.- 9.8.%, to the west of Barton
Court.

Colwall Syncline and ILedbury Antieline.

The structures south of the Colwall fault consist of a broad
syncline flanking the Mplvern Anticline, en? en anticliine lyving to
the west of the syneline.

Both of these gtructures have N, - S, striking sxes and the
vresent author suggests that they mey be the expression of the folds
that lie to the north of the Colwall fault, That is, the iathon
anticline end syncline may be the equivelent structures found on the

upthrow side of the fault.
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STRUCTURAS WITHIN THY TRIASSTIC.

The structures on the western side of the Malvern Boundary
fault, thet is, those in the Palseozoic, do not appear to influence
the structuresiounl within the Triassic to the east of the fault,

Congidering the Triassie on a regional scale, it appears to
be dipping eastwards et a very smell angle. Progressively older
beds appear as one approaches the Malvern Hills from the east. How
much of this di» may be attriduted to an initial Aip ordevositional.
dip, is 4iffiocult to say, but geophysics has established that a
depositional basin once existed in the nosition of the Worcestar
plain,

Close to the Malvern Boundery Fault the Triassic formation is
locally folded and faulted, The exact nature ani trend of these
folds is 3ifficult to decide, but the faults all aopear to bs normel
in nature witl: downthrow to the east, no doubt part of the Tertiary

earth movements that affected the Boundery Fault,
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THE EASTERN BOUNDARY FAULT -~ MAIVERN FAULT,

An examination of a small scale geological mep of this area
will show a line of separation betwesen the Haffield Breececia,
Palaeozoic and older rocks end the Triassic strata extending for
sbout 40 miles. This separation is ferticularly evident in the
erea under discussion where pre-Cambrian is seen agdl nst Triassic
formations. This funlamentally important problem has long
exercised the attention of workers in this area and a dbrief resume
of their theories will be given,

Marchison 1anc1 Hull2 contended that the Mesozoic strata were
laid unconformably upon the older rocks.

Phillips® does not avpear to be consistent in his writings.
He interprets the 1line of separetion as an unconformity in some
cases (diegrem on page 92 of his work, page238 of this thesis)
and in others a fault; he does, however, recognise the existence
of some faulting. FPhillips stated that a fault of pre~Haffield
Brecela age had formed a scarp which acted as a shore line for the
deposition of the Triassiec, basing this conclusion upon the fact
that the line of the "fault" is extremely sinuous, showing in some
parts bays in which Breccia was deposited (being partly derived
from the neighbouring land itself). In some of these bays patches
of Lower Silurian rocks are still visibdle merking the original
greater extengion of these formations to the east. Phillips
considered the existence of a fault was required to explain the

presence of "fault breccias™ seen in a few localities near Malvern

1. Murchigon, Sir R. 1839 "The Silurian System".
2, Hull, E. "Priessic & Permian of the Midlandg", Mem,

Geol.Survey 1869, p.16, 82 & 67
3. Phillips, J. op. cit. p.146-147
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and also to explain the scarpe=like fapce of the pre=Cambrisn rocks

seen in fhe same aree., When he does consgider fracturing he suggests
that the fault arose as the result of accommodation to the general
flexuring along a north-south exis which brought the range into being,
Fhillips thus sew evidence for both an unconformity and a fault and
in general, but not conslstently, interpreted the line of separation
as a pre-Haffield Breccia fault with overlying unconformeble Triassie
formations.

Groom interpeted the line of separation solely as a fault,
He drews attention to the lask of any merginal cherscters in the
Triassic and asserts that the presence of sanistones and breccilas
cloge to the hills is no prodf of a shore line in that direction,
but is the chence result of post-Liassic elevation of the range. He
finds no evidence for the derivation of the majority of the contained
materials of the breccias from demudation of the Malvern-Abberley
renge itself, but admits that in pre-Triassic times the "Mercian
Highlands" may have been contimous with, or very near to, the
eastern boundary of the range. Groom refers to several localities
where a fault breccla of both Archaen and TPriassic rocks may be seen
and thus deduces the post Triassic age of the movement. Groom,
+herefore, postulates post Triassic faulting, but emphasizes that
previous estimates of the throw are greatly exaggerated,

Groom's interpretation has beeﬁ accepted by most subsegquent

writers and even reiterated in writings such as Arkell's 2 who further

10 Grom’ T 1900. QoJ.G.S. Vol. IVI.
2. Arkell, W.J. 1933. "The Jurassic System in Great Britain".
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considered it to be hinged. The fault, he calculated, hed a throw
of only 100 feet at Newnham in Gloucestershire, but inereased to
a maximum of 1,000 feet near Malvern. He further alded, "It seems
to be entirely post Triassic, for the Triassiec sljoining it is of the
normal thickness and is not banked up against it, moreover, there
seens t0 be no marginal chenge of facies. Prom these facts it is
inferred that the Triassic must have formerly extended well over
the site of the Malvern and Abberley Hills on to the area-ofthe
014 Red Sandstone”,

Falcon! criticised his predecessors and re-introduced the idea
of an unconformity, which has been moiified by local minor post-
Triassic fanlting. Falcon does not exclude the vossidbility of any
pre-Triassic movements, but asserts that there is no evidence either
in favour or against such a poési‘bility. He suggests that Groom
and Fhillips may have mistaken for a fault breccia what is, in fact,
an erosion brecoﬁ and notes that Groom himself admits that the
course of the boundary line follows closely the western boundary
of the range - a fact which suggests an unconformebly relationship
rather than e fault,

A year later the findings of a gravity survey were published
by Cook and Thirlaway2 They found that the Mesozoic-Palasozole
boundary ereates an anomaly of 30 mgals. with a maximum intensity
at longtitude 2°20' W,, this approximately corresponds with the

surface position of the fault. They assumed a consgtant density

1. Faloon, N.L. 1947, Geol.Mag. P.229 Vol, ILXXXIV,

2. Cook, A.H, and Thirlewey, H.I.S., 1948, "Recent observations
of Grevity in Wales and its Borders". Internat.Geol.
Congress 18th session,
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difference of 0,33 gmsg,/cc between the Mesozoic and Paleeozoic rocks,
and showed that the change of éravity over the Yalvern line could be
represented by a slope of 45° to the east on the pre-Mesozoic surface,
They also calculated thaet this slove extended to a depth of 3,000
metres, but added that such an extensive slove could hardly be e surface
crested by a normal or thrust feult ani considered it most likely to

be the top of a step fault complex, The suthors liscuss the age of

the fault and give arguments against pre- and post-~Triassic movements,
and put forward the idea of contemporeneous fracturing with sedimentation,
subsidence of the crust occurring beceuse of the sedimentary 1oad and
laterel prerssure.

In 1949, Kentt published a paper discussing pre-Permisn land
surfaces. This author evidently favours Falcon's views, since he
states "..... the Keuper appeers to have a partly faulted contact
with the older rocks". Kem: goes on to say that the Keuver and
Bunter are likely to total some 3,000 feet o little east of the
Malverns anl shows in his accommpenying mep thet the pre-Permian
surface slopes steeply eastwards. On page 96 of his work, Kent admits
that the relationship of the lalverns to the dowrmeri m§venzent of
the Worcester basin is far from clear.

Blyth last year sugeested that the boundery end other faults
were created in Alpine times by a N. - S, comoression acting on
egrlier faults, ovening them up after the maunner of +tension fractures.

1, Kent, P.E, 1949, Structure Contour map of the surface of

the Buried Pre~Fermian rocks of England & Weles, P.G.A.p.95
2. Blyth, F.G.H., 1952. Geol.Mag. Vol,LXXXIV p.185,
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Results of a fubther gravity survey were vublished also
last year!, These cbservations egreed with those published in
1948 anl showed e deep Jdepression in the pre-Triassic surface
east of the Malvern line,

The most recent contribution to the faul* nroblem is thet
written by F. Raw>, Thié author sugoests two periols of tensional
stress which brought into being normal faults along the esstern
boundary of the ialverns, The first of these eerth movements
occurred during the Armorican stege and resulte3 in a sliv of
several thousanl feet along the fault plane. A tertisrvy movement
was respongible for an edditional throw along the ©ault vlane with
e oombined movement of sbout 2+ miles for the two slivs.

The results anl conclusionsg of the oresent writer's mepoing will
be enumerated below:

1) The boundery in some places is simuous, but this Jo2s not
necesgarily mean thet the pre-Triassic surfzce is sloping eastwards
at a relatively low angle such as 2n unconformity. In many places
the mapped contact coulld be represented by a series of N.N.W, -
3.8.B., N.N.B, - S,.8.¥. intersecting faultsz their intersections
masked by uncertainties of the mapping. |

2) There aovpears to be no evidence of a marginal facies within
the Triassic near the bourdery. The exposures investigetel were:-

a) 300 yds. west of the Hundred flouse, Great Witley,

1. COOk, A.H" Hospers, J. aml Par’asnis’ D.SO QoﬁToG.S' 1952

Vol. CVIT .287.
2, Rew, ¥. P.G.A. Vol. IXTII v.227.
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within 100 yds. of the boundary - fine current bedded red
sanistone,
b) 200 yds. S.S.W, of Prickley Parm, Martley Hillside,
less than 10 -deo from Wenlock Limestone ~ soft fine red sanmdstone,
c) The roed section between Martley Village and the R.Teme
shows normal Keuper Sandstone although only 50-100 yds. from the
Wenlock Shale.
a) 300 yas. K.E. of Birch Hill Gravel Pit, Martley.
e) Nipple Coppice, Ankerdine Hill within 20 yds. of the
boundary.
£) Knightwick Station (see pagel28),
g) Knapp Farm and the lane from here to Patches Farm, Alfrick
shows normel Keuper Sanistone although within 100 yds. of the boundary.
h) New Inn, Storridge (see page 154),
1) "Belmont Brick Works", Malvern Link, shows Keuper Marl
completely devoid of Archaesn fragments although this exposure is
only % mile from North Hill which towers 700 feet above the marl pits.
J) The railwey cutting S,E, of Upper Wyche where Keuper Marl
is exposed without any Archeean fragments in spite of the fact
that the crest of the Malvern Hills is only % mile to the west.

3) Wherever the boundary is seen the comtact appesrs faulted
e) Knightwick Station (see pege 129)
b) Alfrick Found (see page 148).
c) Melvern ILink where a breccia of angular fragments of
Archaean and Trigssic is seen plastered on to the pre=Cambrian rock.
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The faulted surface here dips north eastward at 650 « 750 , Tt is
therefore presumed to be a normal fault,

Five other exposures of the contact have been geen in the past
by other authors,
a) Bastern side of Midsummer Hill where a fault breccie wes

seen by Groom' .
b) The fault itself was apparently seen by Phillips on the

eastern side of some portion of the Malvern Range, where it dipped
60° eastward3,

c) In constructing the old railway tunnel Between Malvern
Wells and Colwall in 1860, Symonds and ILembert investigated the
excavations and reported that they saw 24 yds. of tunnel with
"Keuper Marls and Sandstone, twisted anmd broken, sometimes nearly
horigontal and sometimes with a dip of 50°* followed by 20 feet of

brecciated A:!‘c!ha.e&m.3

d) The new railway tunnel built parallel and a few yards from
the 0ld ome in 1926, was investigeted by members of the Geological
Survey. They reported seeing 30 feet of beds affected by the fault,
although the beds were only broken for 21 feet of this thickneas,

They reported seeing the fault plane iipping to the east at 45°. ¢

1, Groom, T,T. Q.J.G.S. Vol.LV, 1899, p.139.

2. Hlilli.ps, J. Mem, Geol. Surv, Vol.ii 1848 pt.l. p.140

S. Symonis, W.S. and Lambert, A, "Malvern & Ledbury Railwey
Tunml"o Q.JOG.SO

4, Robertson, T. Geol. Surv., Summary of Progress 1925, p.162-178,
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e) A temporary exposure was described by Davies ".,.. in the
rear of the westermost row of buildings of Great Malvern." This
exposure showed a very steep face of Arcliaean with remains of o
plestering of whet avpeared to be Bumter Sandstone, !

4. Wherever Keuper Sendstone occurs on the east side of the
boundary some outcrop of Heffield Breccia is found in e corresponding
position on the west side of the contact. These places include
a) Woodbury Hill, b) Berrow Hill, e) Collins Green, d) Knightwick
Station, e) Ravenshill Green. (The breccia ani sendstone have not
been reparted here befare). £) Alfrick Found, g) Whivvets, Cowleigh
Park, h) Norther Malvern where Fhillins? reported a patch of Haffield
breceia now eroded awey. As it has alrealy been vroved (see vage 74 )
that the stratigraphiecel seperstion between the Keuper Sendstone and
Haffield Breccia is very smell (possibly only 300/500 feet) the
mcvenent on any fault would be relatively small compered with those
proposed by some former workers who thought several thousand feet a
fair estimate,

The following conclusions ere made from the observations
of former workers and the present suthor.

1) Exposures of the boundary show that faulting has occurred
in post Triassic times and that its apparent throw wes the
stratigraphice) separstion between the Haffield Breccia and Xeuver
Sendstone, According to Groom +the thickness of the Haffiela

1. Davies, A.M. The Malvern Feult. Geol.Mag., 1947

Vol.ILXXXIV p.5320.

2. Phillips, J. Mem.Geol.Surv, Vol.ii 1848.
5. G‘room, T.T. 19000 Q.J.G'S. vol.LVI p.188
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Breccia is 200 feet, the Bunter between 0 feet ot Bromesberrow in
the south anmd 300 feet at Kidderminster in the north and the Keuper
Sendstone 400 feet. This gives & meximum thickness or throw of 900
feet which is of the order of Raw's Tertiary movement of 750 feet.

2) There must have been a previous period of major faulting
prior ar during Triassic times to account for the great thickness
of Triassic devosits which have been estimated by Kent to reach

... some 3,000 feet a little east of the Malverns ' and the Jarge
gravity anomsly.
It is seen, therefore, thet the prodlem is still conjectural,

Mare detalled geophysics, particulerly using seismic methods, might
reveal the nature of the pre-Trisssic surfece immedistely east of
the boundery, es also would a mom detailed local study of the
palasogeography of the Triassic Pormations.

The locetion of the western limitof the Permo-Triassic
basin of deposition 2nd the thickness variations of thege Mesozoie
deposits might help in determining the nature of the pre~Permien

land surface.

1. ‘Kent’ P.E. 1%'90 P.G.A. VO].o Iva P.95.
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THE WESTERN BOUNDARY WAULT,

The meture of the boundary between the vre-Cambrian and Silurian
rocks along the western edge of the Malvern Hills has, like the
Eestern Poundary Fault, been a controversy in geologicel literature,
It has not lominated the literature to such an extent as its counter-
part to the east of the Malverns, but the vresent author believes that
the intervretation of the nature oi; this boundary to be an important
link in elucidating the origin of the Malverns.

The bounlary has been accepted as a feult for some considersble
time, since the field evidence can support no other theory. Such

evidence is briefly outlined below:

1) The transgressive nature of the bhoundary.

2) Lack of marginal facies in menv of the formations aliacent to
the pre-Cambrien,

The boundary is theref.‘ore a fault, and a close examination of the
map shows that the fracture may be divided into two regions:

1) The region where the fault has cbviously & lip of a low angle
to the east, such as at Hereford Beacon ani at Chase End mi11l,

2) The region where the famlt has vossibly a st-ep div and is in
nlaces vertical,

Bereford Beacon is a detached area and lies to the west of the
selvern axis, and is interpreted as an overthrust mass (see page 174)
nroiuced by tangential forces acting in an B, - W. direction. A steenly
inclined fault appears to separate the detachel area from the main lMalvern

axis. This separating feult is vossibly the southerly extension of the

1. This Aistrict lies to the south of the area described in
this thesis. but is lescribed by Groom, T.T. 1299, 2.J.C.S.
VO].. Lv. p.129"69.
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steevly iinving fault of region 2 (see above).

In consilering region 2, quarry exvosures have shown the faul* to
be pwactically verticel and substantially parallel to the be3dding in the
Silurisn. Groom in his papers frequently comments on this, The Aips,
as calculated from the evidence of the tunnels, show that the feault is
prectically vertical in the old excavetion, an® 75° or 80° to the east

for the new tunnel.
The mature of the fanlt has always been ihtervretel as a reverse

faul: ipping to the east, but quite recently Raw! has suggested that

the frecture is actually a normal fault, down-fanlting the pre-Cambrisn
to the east., Raw states that the steeply dipning fault is out of harmony
with the low angle thrust faults at THereforl Beacon and Chase Eni Hill,

and strongly sugeests that they were brought into being by tensile stress,

The Tield evidence found by the present author hasnot revesled any
informetion which enables a conclusive answer to be drawn over the
nature of the fault., The 2vidence that has been found by former

workers is outlined below.

1) The tunnel excevations show little brecciation st the western
contact of the iialvernian, The syenite was followed immediately
oy fossiliferous Llendoverv, from which was securel a specimen
of Pertaemerus lsevis. Whereas, at the eastern boundary, the Keuver

ilar] was succeeled by 20 feet of breeccia with 2 marly base 2

Raw sugzests that the ineresse in thickness of breccia on the

1. R&‘&', Fo 1952. R‘OCQGeO].oASSOCQ VOIQIIIII 00227"239-
2, Robertson, Ts 1926, Swam. Prog. Geol. Surv, (1925) p.162-73,
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eastern side of the pre-Cembrian was the result of g bigger throw
that took place on the eastern fault .

2) The Western Boundary fault is parallel. in strike to its
counterpart to the east, aml both dip eastwards.

The suthor sccepts the theory of Raw's normel fault in
yreference to Groom's idea thet the fracture is reverse in nature.
The structural interpretation of many of the areas bordering the
eastern margin of the Malvern and Abberley Hills can be explained as
downefaulted overthrust masses or nappes, analogous to the origin
of the Malvern Hills as proposed by Raw. Further discussion: of

Rew's theory is mede in the section on "Geological History" see

Page 320G,

1, Rew, . 1952, op.cit. p.23%,
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THE RELATIONSHIP OF THE STRUCTURE OF THE MALVERN AND ABBERLEY HILLS
TO THE NEIGHBOURING DISTRIOTS.

The lalvern-Abberley line seperates two very different types
of country: rolling, hilly country occupied by Palaeosgoic rocks to
the west, and the flat Vale of Evesham occupied by Mesozoic strata
to the east., Beneath the latter the older rocks are almost certainly
folded on the same structural pattern as in the Malverns themselves.

This 1line, which socarcely deviates by more than 2 miles from
West Longtitude 2020', has been a dominant line of movement from
early times,

If this line is traced southwards it is found to coiuncide with
notable contrasts in topography end stretigranhy until it crosses
the coast ebout 5 miles east of Weymouth. Prof. H.L. Hawkins
vointed out some of these contrasts in his presidential sdiress in
10421, ani the present author outlines some of these belows

a) The Malvernian gneisses ani syenites have basal Cembrian
end Valentian against them which suggests that the Malvern distriect has

been 2 region of uplift prior to Cambrien amd Silurian tines.

'b) The Silurian, Devonian and Carboniferous rocks of Somerset
swing rounr.‘i'to follow a N, - 8, line with high dips in the region of
this continued Malvern line,

c) The Carboniferous of the Forest of Dean and Bristol Coal-
fields shows steady thinning and overstep towards the line from
the west. Analysis of the Pennant Grit along the eastern fringe

1. mmns, H.L. 1942, Presidential aldress Q.J.G.S.
Vol. XCVIIT p.49.
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of the Bristol Coalfield shows this grit to contain fragments of
vre-Cambrian material.

d) Just south of Gloucester, the scarp of the Cotswolds
avproaches the line, and turns promptly from the Caledonian trend
to follow a N, - S, direction past Bath, Frome and Bruton to the
S.B. corner of Somerset, a distance of some 55 miles.

e) Certain rock types fail to "cross the 1ine" - Resding
Beds, London Clay, Geult, Upper Greensand, Wealden and Lower Greensand.

Weleh and C}::-ookall1 show that the Bath end Lower Severn axes
of Somerset unite northward to form e Malvernoid trend, These
authors suggest that the Bath axis has been active from a very
carly date, In Mesozoic times the Bath axis played an important
part, not only in its northern section, imt even where it lies
beneath the later Armoricanoid folds south of the Meniips, The
Beth axis' most striking effect is to be seen in the Upper Lias
strata, which show that the seas shallowed in & belt extending to the
Dorset coest, The winnowing action of the currents prevented the
accumulation of the finer sediments, which were deposited in the
form of clays and silts in the less disturbed waters €lanking the
sand banks on the axis. The extraoriinary lithological veristions
of the Great Oolite rocks mey also be related to movements along
the Bath axis. -

The present suthor has outlined above many of the interesting

facts that are assooisted with a line of 3isturbances stretching

1. Welch, ¥.B,A. and Crookall R, 1948, Brit.Reg.Geol.
"Bristol and Gloucester Distriet".
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from north Worcestershire to the coest of Dorset, a distance

of 120 miles. Whether the disturbances south of Gloucestershire
are synonymous with the Malvern uplift is a debatable point, dbut
there ix that significant fact that th:is line appears to act as a
hinge down this central portion of England, separating the older
fold systems in the west from the much younger S.E, dipping beds to
the S.E, of this liﬁe. This axis appears to have beer active from

eerliest times and according to Davison' may be still active.

Past authors such as Strshan® and Rastall® have pointed out

the ralial pattern of the axes of the structures in the South
Eidlenis and the convergence of these axes on the Pennine axis.

The alvern line, however, spdls this symmetry end the present writer
reiterates the conclusions reached by Blyth? and Whitworti¥ghat the
Malvern belt of folds is probebly related in origin to movement in

the pre«Cambrian basement,

1. Davison, C. 1924. "A Histary of British Barthquakes"
canbridge Press.
3. Strahan, A. "Discrimination of periode of Earth Movements
in the British Isles",
3. Rastall, R.H. 1925. Geol.Mag. Vol,IXII p.1935 - 222
4. Blyth, F.G.H. 1952, Geol.Mag. Vol,XC p,185,
5. Whitwor‘bh, T. 1952. GeOJ..:‘}hgo Vol.xc p0584'o
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Tl AGE OF THE MAJOR TECTONIC MV EMENTS.

Within this chapter, the present author Jiscusses the main
period of teeténic movement found in the Malvern anj Abberley
districts. It is quite possible that all the mein tectonic
veriodls in the geological history of the British Isles have
afPected this district, but the discussions outlined below strive

to date the principal folding movement,

il

Zxemining €irst the succession of rocks found within the
listriet aaped, we see a conformable sequence o beds from the
Llaniovery up to the emd of Lower 011 Rel Sanistone ase. Within
this cange of time there are probably seversal noi=geguences, waich
wicht be lue to uplift, but no angular liscorisnce could be “ouni,
Trmedlately to the west of the area in the county of FHereforishire
the Uoner 214 Red rests unconf’orma’c:ly unon the Iower 213 Red
Sandstone. Aecording to some {Pringle ani Georgel) this was the
s2in perioi of Calelonian foldins in South %ales.

Elgewhare such as in the Forest of Dean Cozliiel? there is »
complete upward trensition from Uoper 013 Rel Sandstone to Lhe
Carboniferous Timestons Series, but vithin the ares mepnel by the
vrésent author, the lowest beds of Carboniferous age found were
the Ooal lMeasures, These eagurss occupy the exial v exion of the
“ingswool Syncline immediately to the west of the Wooibury iistric:,

"iege beds have been lescribed hoth by Groom ani the Geologiaal

1. P’."inf{le, J. al’l“l TnT.‘Ic George 19‘4-'8. Briﬁ.ReﬂoGeoll
South ¥Wales v.44.
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Survey as being equivelent to the Upprr Coel seasurss of the iamble

Coalfield, which form the lowest portion of the Falesowen Gro ot

or the Btruria ¥arl of South Stefforishire. Trueman’, however,
thought thet these beds may belong to the Hiddle Coal Measures,

but recently Is’;ykuraa hes verifiel that these beds are Upper Coal
Measure in age. As these Meessures appear to be Tolded with the
underlying Downtonian, it follows thet the mein folding movement
was at least after these Coal Meesures and can be atiributed to a
late = ar vost - “orsanian age., Mykura sugoests that the movement
could possibly belong to the Asturic ohase of the Veriscan Orogeny.

Falcon% however, considered that the Upper Coal ‘kasures
were not involved in the Tolding anl suggested movemeat hetween
Mlddle and, 'Uppe}‘ Coal ieasures. Refersnce is made Clsewhere in
this work (p. 85 ) to this errvoneous claim.

Former workers have suggested thet the Coal Meesures of
Woodbury iiill are not fnlded with the Silurian anl lie unconforasdly
upon the eroded structures of the folded Silurian, The present
au‘ghor has alrealdy suggested on p. 101of tais thesis that there is
no vroof of this msjor unconformity ani nronoses that these
measures are pert of the same series of beds found in the ¥ingswool
Syncline, which they resemble lithologicallv, Of course, *his
would necessitete some sort of unconformity between the Woodbury

%. Falcon, N.L. 1947, Geol.Mapg. Vol.IXXXIV p,229.

5. Hykura, W. 1951, Geol.Meg. Vol,IXZAVIII p,389.

2, Truemsn, A.B. 1947, Q.J.G.S. Vol. Ciii v, IXV-CTV,

1. ¥Xidston, R, Cantrill, T.C. and Dixon, B.®.L. 1917
Treng,20y.Soc.Elin, Vol.LI pt. IV »,1019.
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Coel Measures ani the unlerlying beds. Such an unconformity has
been founl by Mykural and verifiel by the present author in
Ellbatch Wood, where Coal ifeasures, stratigravhically equivalent
S0 those found in the Kingswood Syncline, rest with an anguler
unconformity of %0° upoh Downtonian, The reafer is referred *o
the diagram on p,235 .

Haffield Breccia is deposited uvon practically all horizons
of the Silurian anl the Coal Measurss. It is epparenmtly unfolded
and the present author, therefore, concludes thet the main Tolding
movement was orior to thié formetion,

Faleon® hes suggested that some of the foliing may be
attributed to post~Triassiec morements vpossibly Tertiarv in =sge.
The contrasting dips on either sile of the Melvern Boundary Feult
would presumeblv be expleined as being Aue to besement control.
As meny of the folds axes' abut against the Triassic without the
New Red Beds showing any sign of folding, the present author
does not serisuslv consider a Post-Triassic major morement. The
vresent writer therefore concluies that the eviidence within the
Malvern-pbberley range of hills shows that the mein foliing
occurreil in late- or post-Morganian times, but orior to the
'ieposi‘t.;ion of the Haffield Breccia. Ifinor foliinz 1id take place
before the deposition of the Coal Yeasures of the Xingswood District

1. Wiurs, W, 1951. ov.cit. p.391.
2 E"‘alcon, N, L. 1952, GeOl.Mag. Vol.’9 ‘9-304-
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ami this might be attributed to Trueman's Malveraian" Phasel of
early Morganian age,

Considering next evidence from neighbouring iistricts, we
fipd in genersl that major folding movements occurred Aurins or
after Upper Coal leasure denosition,

Whitehead ani Pocockwriting in the "Duiley ani Bridgmorth"
Survey memoir attributed the folding of the Trimoley Antieline to
vost-Stafforiian movements, but vrior to the base of the Clent
Beds (possibly equivalent to the Haffidd Breccia). These authors
go on to say that they believe that this was the main veriol of
folding along the Malvern and Abberley axis, amd thst the Erimpley
structure reteins a "Caledonoii" tremd probadly imressed by
earlier novements. They also conclude that s at this time, movement
was localised in the neighbourhool of pre-existing axes, such as
thoge of #alvern, Trimpley, the Lickey Hills and the now buried
"Merclan Highlanis".

Writing on the Coalbrookdale coslfiel?, Whitehead, Robertson,
Pocock and Dixon®: Rdmunds and Nakley® show that the Coelvort Beds

of Horgenian ame, rest with strong unconformity upon foldel Coel
Meesuree and Silurian. They continue to say thet later movements,
between Upper Coal Measures anl Triassic beds also took place,

1. Truemen, A.E. 1947, Q,7.G.S, Vol.CIII p.IXV.
2. Whitehead, T.H. and Pocock, R.N, 1947, Geol,Surv. of
Grt. Brit. p.121-22.
3. Whitehead, T.H., Robertson, M., Pococi, R.W., and
Dixon, E.B.L, 1929, Yem.Geol.Surv.
4. Fimunds, P.T, and Oakley, K.P. 1947, Brit,Reg. Geol.
"Centrel England",
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Immediately to the south of the Malverns there is the swall
tewent coplficli. Mirchisonl, Phillips? and Richerdsond all
conclude that the cosl series rest unconformebdly on 014 Red
Sendstone ani this series is itself overlain unconformebly by
New Red Sandstone. A:ber4 provisionally assigned the coal series
to the Upper '?.‘ransitic;n Series or the Lower ovart of the Upper
Coel Measures. Wills® infers thet thev may be equivelent o the
Halesowen Group which ere of lorganisn age., These two unconformities
therefore suggest early or pre-Maregenian and post- but pre-Triagsic
movemente,

The Batsford boring neer ‘oreton in the “farsh about %9 miles
E.8.E, of ¥elvern shows Upper Coal Messures iy .
resting on Silurisn beds with a iip of 20-25°6-

Trotter’ in his survey memoir of the Forest of Dean Aistrict,

ning at 6-¥°

shows that most of the main folds affect the Coal Heasures anmi
Moore® shows that there are two veriods of movement (intra-
“Horganisn and post Uoper Coal Series) in the Bast Crop of the

South Wales Cosalfield. These considevations show a similarity to
thoge movements outlined above in the Woodbury-Xingswnod Aistricts
of the Abberley Hills, ’

80 Hoore, 1948, Ged.G. S, Vol.CIIT 902870

7. Trotier, F.li 1942, "Geology of the Forest of Dean Coal
& Iron = ore Pield" p.3.

6. Strahan, A, 1913. "Digerimination of Periods of Earth
Movement in the British Isles™.

5. Wills, L.J., 1948, "The Palaeogeography of the Mijlanis".

4, Arber, B.A.R, 1910. Geol.Mag. Vol.VII v.241-4.

3. Richardson, 1930. "Wells ani Sovrings of Gloucestershire"

Yem,Geol.Surv.
2, Phillips, 1848 op.cit. p,109
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In the Bristol srez, Kellaway and Welchl gshowed that there
was important pre-Pennant folding in the Bristol Coal”iela.

Moore and Trueman’ called these movements "alvernian.
Truemand later suggested that these Horganian movements “ed more
important effects in Britain than the pre-Stevhanian Asturian
folding,

We see therefore that the neighbouring districte to the
Malvern-Abberley range show esrth movements which could be correlated
with those T“ounl in Kingswood Syncline, The present writer
therefore concludes that there were two periods of folding.

1) pre- or early Morganien - minor folding.

2) late- or post-iiorganian end pre-Haffield Breccia — major
folding.

From this we see that Trueman's "Malvernian" folding of
eaﬂg Morganien age could correspond with the minor ?olding
(1 sbove), but 3oes not successfully correlate with the meior

earth movement proposed f-r the ialvern-Abberley Hills.

3. Trueman. 1947. 9.J.G.8. Vol.CII. v.xeix.

2. lloore and Truemal'l, 1959. P.G. A. VOl.L. 9065.

1. Zellaway ani Welch, 1948, Brit.Reg.Ceol.
"Bristol and Gloucester" p.30,
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GEOLOGICAL HISTORY,

This chavter is concerned with deseribing the geologicel
history of the lRlvern-Abberley Hills district.

The oliest rocis found in the srea are the Melvernisn gnelsses
an? schists, and the voleanic rocis of the Warren House Series, the
latter is comparabdble with the Uriconian of Shrovshire, o
sedimentary rocks heve been Jetected among the Warren louse Series
and there is no proof of the egtablishment in the distriet of the
terrestrial conditions of the Torridonian veriod,

At the close of the pre-Cambrian pefio=i the Maplvern area,
topether with much of the English Midlands, sank beneath the sea-

level, and the Cambrian Quartgzite was deposited, nrobably uoon the
denuded edgeé of the older series. The feirly larce size of many

of the pebbles of the Cambrian Quertzite points to the wroximity of
a shore line. Towards the end of Middle Canbrian times the water
presumably became deever, as is indicated by the prevailing
argillaceous character of the sediments.

At the close of the Cambrian veriod, a shellowing of the sea
took plece which seems to hawve brought much of Shropshire and
the iidlanls above sea-level, where the Cembrian and vre~Cenbrian
rocss suffered erosion.

The imlvern district is completely devoid of Ordovician
seliments, anl it is suggested that this inlicates thet the ares

formed part of another lani surface lying eastward of the Orilovician
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Sea that covereld Wales anl latterly, parts of Shropshire.

When subsidence again brought the sea over this land, Upper
Llanlovery sediments were laid down unconformsbly upon sll the
sub-divisions of the Cambrian and pre-Cambrisn rocks, The coarse
conglomeratic nature of the lowest member (Cowleigh Park Beds),
suggests the near-by presence of s land surface, and it is guite
vossible that isoleted reais of eroded older bed: Pormed tselenfs in
thies Silurien sece.

Throughout Upper Llandovery, Wenlock end Iudlow +imss,
deposition appears to have heen crntimicus. The sea possibly
shallowed at certain periods, sueh as Auring the formebtion of the
Wenlock Limestonie, es indicated by the abumdance of coaral colonies,

The greet Caledonien earth movement ig not evident at the close
of Silurien times, since sedimentation went on continuously from the
Silurien to the end of Lower 0ld Red Sendstone times. The corditions
of seiimentetion, however, chsnged consilersbly at the end of the
perioi of deposition of the Iudlow Beds. The shelly limestones and
shales of definitely marine type geve place to the red merls and
sandstones of the Downtonien ard the Lower 01d Red Sandstone, which
e.ppear.to have teen deposited under shallow water or deltaic
conditions at no great distance from the land areas which emerged
as the result of thé earth movements mentioned atove,

There wes some elevetion of the land Aduring the middle Q1d

Red Sendstone period and rocks of this age were not deposifed, At

the close of the Devonian, when the continental avess had been worn
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to sea level, subsidence again took place and Aeposits of
Carboniferous age were laid down,

The first detectable sign of folding in the Silurian and
Downtonian strata is to be founl in Ellbatch Wood (see page 103).
Hlere there is an anguler unconformity of 56<’between.the Downtonian
and basal members of the Coal leasures. Wrom this observetion it
is uncertzin at whet time the earth movement tock place, it might
be as early as the Mid Devonian movement or immediately wvrior to
the deposition of the Ellbatch Wood measures (see pape 202 ).

The present author suggests that the Goal Yeasures of the
Wingswood - Ellbatch district vere devosited on a folded and
eroded surface. It is true that Coal Measures apnear to be
conformeble with the Downtonien at Xingswool Common, but this is
believed to be of only local significance.

The regression of the Upper Carboniferocus ses marked the
beginning of another terrestrial period during which the folding
and overthrusting took plece. The whole series of rocks vrior to
the Permo~Triassic were subjected to B, - W. compresaive stresses
which resulted in the folding end finally, under bigger stresses,
they yielded and were overthrust in the form of a nappe and also
overturned the rocks beneath it.

During this terrestrial veriod, but after the folding and
thrusting, the area wss under tangential tenalle stress which

oroduced a series of rormal step faults, lown’ronping sast. This
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movement deliminated the axial region of the Malvern Hills, and
several other areas to the north, by lovnironping vortions of the
overthrust nappe. The mejor movement on the Malvern Boundary
Fault oceurred Juring this earth movement.

The lanl surface after these movements must have been one
with large toéo_graphical features. An extensive period of demudation,
especially of the still uplifted western region and widesnresd
removal of the thrust mase from it, left o lan? surfsce which
possibly 4il not Riffer greatly from that seenm tolay. Graiually
the basin to the sast of the Malverns was infilled with Permo-
Trisssic deposits, the lan3 to the west lowerel snd the sea
transgressed and covered the whole region with Triagsic, Jurassic

and Cretaceous strata.

Post~Cretaceous elevation ani uolifting to the west initiated
the removal of the formations covering the region,

At some date after the Triassic denosition, there was another
veriodl of tangential tensile gtress which resulted in the renewed
movement lown to the emst on the Mplvern Eagtern Rounderv Fault,
and vpossibly faulted other regions aliscent 4o thig fracture. The
exact deting of this movement is impossible, but it hss been
supgested thet it might be tertiary in age, anl Rew® has given it
to be a late Bocene Iisturbance.

Continued demudation unler Tertisry and Quartenary conditions

vroduced the lani surface as we see it todey.

1. Raw, F. 1952, Proc.Geol.Assoc. Vol IXIII p.238.
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SULMARY OF GEOLOGICAL HISTORY,

Superficial Deposits (Alluvium and Drift) Late Tertiary

and Quarternary.

N AAAAAAAAAAAAAARAAAAAAAAARAALAAAARAALRSAS
Possible normal faulting in late Eocene,

Keuper Marl : % P
e
Keuper Sandstone >
Wyvwvvevwvvvvvyvevyy Probable unconformity. R
Bunter Sandstones o
VVVVVVVVIVYVVVYYYVYVY Probable unconformity. /
Haff'ield Brecein
N AAARAAAAARAAAAAAAAAAAAAAAAAAAAARALAAALAS
iajor earth movement of E,.-W, compression,
followed by normal faulting,
Coal Neasures Carboniferous.

VYV VTV VY VYV VYV VVVVV VT VY VY
Minor earth movements.

Upper Old Red Ssndstnne

VVVYVVVVVVVYVVVV VYV PV VTV VTV VY
Dittonisn Devonian,
Downtonian
Upper Iundlow
Aynegtry Limestone Indlovian,

Lower ILudlow Shales

8ilurisn.

Wenlock Shale Wenlockian,

Woolhope Limestone
Woolhope Shales
Wyche Beds

Cowleigh Park Beds
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAALALAAA E

)
§
Wenlock Limestone : %
)
)
z Valentian,

Qreta P e 3
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Malvern Quartzite ! Cambrian.
VYV VYV YV VYV VTV YV VTV IV VYV VY

Warren House Series - possibly Uriconian in age

VVVVVVV VvV YV VVV YT ovy Pre=-Cambrian.

S L 'S

Malvernian.
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. CONCTIUSTONS.

The foli.owing geological fects have emerged as the result of
research carried out in the Melvern and Abberley Hills:

1)The stratigraphicel suceession of the Silurian and Downtonian
rocks does not differ to any extent from the successions accevted
for the Welsh borderleni district. Minor voints of interest
concerning these rocks include:=-

&) The presence of a coarse conglomerste within the Cowleigh
Park Beds (Llandovery) known as the ™fiss Fhillivs' Conglomerzte®,

b) The absence of ball stones within the Wenlock Limestone.

c) The presence of s microsconic sedimentery rhythm of silt
and celeium cerbonate within the Wenlock ILimestone.

4) In most places there sre two, sometimes three periods of
massive limestone development withih the Wenlock Liméétom.

e) The recognition of two verieties of Strophonells euglypha,

one typical of the Wenlock, el'ld'the other of the Tumilow,

£) The Aymestry Limestone is not so well developed in the
south as in the north.

g) The presence of @ representative of the bone-bed in
practically all exposures of the Silurian~Downtonian bounlery,

h) In all formetions except the Uvper Luilow and Ilandovery,
a white bentonitie-type clay was found,

2)The folds have N.~ S. 2xes snd appeared in same pleces to

be overfolded towards the west,
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3) Thrusting is e common feature along the esstern mergin
of the folded Silurian rocks. In all cases the fault plane of .
these thrust masses dips at between 10 end 20° in o general enagterly
direction, In every case except one (Birchwood Overthrust) the
beds imnedistely to the wést of the thrust mass are overturned,

4) The princip;i strike directions of faults are:

8) N. - 8. These faults are generally major ‘ractures

and are the divect result of the compressionsl enld tensionsl stresses.
b) N.E, - S,W, and MW, - S.E, Thesge frectures 2llow

minor relief to the B, - W. stresses,

5) The tear Paults only affect those formetions along the
eastern margins of the folded Silurien rocks. In consecuence,
tear feaults diminish in importence westwards. Thus the Aymestry
Limegtone is varelv, if ever, frsctured by s transcurrent fault,

It appears thet the incompetency of the shalev formations,
especially the Lower Ludlow Shale absorbs the stresses which
would fracture any harler rocks. -

6) In considering the Mesozoic-Paleeozoic boundery, the
present author concludes that it is definitely a fauli. Surface
information suggests that the fault is of relstively small throw,
but geovhysical observations show thet it is e meior fracture,
possibly with several feet of Ailsrlacement, Ii has been suggested
by P. Raw and sccevted by the vresent suthor, that the Yalvern

Boundary Fault may be of two movements.
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a) Pre-Trisssic - major throw,

b) Post-Triassic, possibly Tertiary ~ minor throw,

7) The age of the principel folding was post the Coal Measures
of Woodbury Hill, but prick to the deposition of the Haffield
Breccia. The present author, unlike previcus workers, accevts that
the Woodbury Hill messures might be folded with the Siluriasn
formation and appesr as unconformeble masses orimarily due to the
cover of Haffield Breccia.

8) The Nalvern axis is an oll and persistent line which ig
Trobably influenced by the configuration of the pre~Cambrien

basement,



209,

BIBLIOGRAPHY,

Alemder’ m's- F.E. S’

Arber, E.A.N,

Arkell’ w.JO

Bernmett, A.J.
Biyth, F.G.H.

Butler, A.J.

Coles, C. 8t. A.

Cook, A.H, & Thirlewsy,H,IC

———e HOSDETS, J. &
Parasnis, 0.S,

Davies, A.M.
Davison, C.

Duncan, C.C.

19386

1910

1933

1852

1937

1939

1898

1950

1952

1947

1924

19350

"The Zymestry Limestone of the Main
Outerop" Q.J.G.S. Vol.XCII p,.103-15,

"Notes on a Collection of Wossil

Plents from the Newent Coal-field

(Gloucestershire)™ Geol.Mag. Vol.VII
PPe 2414,

"The Jurassic System in Grt,Brit",

"The Geology of Malvernia with on
introduction by L. Richardson",

"Malvern Tectonics - A Conbribution",
Geologiste Magezine Vol XC,.P.185,

"$ilurian erd Cambrian rocks
encountered in a deep boring et
Walsall, S.Staffe". Geologists
Vagazine Vol, LXXXIV,

"The Stratiprephy of the Wenlock
Timestone of Dudiev". 2.7J.G.8.
Vol ACV Pe a7

"Martley Syenite"., Ceol.Mag. p.304

"Recent observations of gravity in
Wales end the Eorders". Rep. IVIIY
Internat.Ceol.Congr.Crt.Britain,
1948, Part. V. p.33-44

"he Results of & Gravity Survey in
the Courtry between the Clee Hills
and Mureston". 2.J.G.8., Vol.CVIX

. 287-306,

"The Walvern Fault" Geol.leag.
Vol. XXXV p, 320

"A History of British Earthquakeg"
Cambridge.

"The “alvern Water Suvvlies"
Trars.¥ores.lfat.Club, Vol VIII
p.196-7.



210,

Dwerryhouse, A.R. & 1930  "The Glacistion of Clun Forest, .
A.A, Miller Radnor Forest and adjoining areas’.
B.7.G.8, Vol LEXVI, p.121

®lles, G.L, & I.1, Slater . 1906 "The Highest Silurian rocks of the
Indlow Distriet" 9.J.G.8. Vol IXIT
1.195,
Talcon, N.L. 1947 "#ajor clues in the Tectonic

History of the lalverns". Geol.liag.
Vol LXXIV p.226-240

& L.H., Tarrant 1951  "The Gravity and Magnetie
Exnloration of S.Central England",
CQ.CI’G'.SQ ‘VOl. CVI. p.lél.

Correspondence. Geod. Mag, LXXXTX
D. 304,

Fleet, W.F. 1927  "The heavy minerals of 7eele,
Enville, 'Permian", anl Lower
Triassic rocicg of the idleands and
correlation of these strata'.
Proc.Gecl.Assoc, Vol OVIIT p,1-48

Gardiner, C.I. 1827 "The Silurien Inlier of Woolhone
Ged FeS, Vol, LXXKXTITI,

Groom, 7.7, 1808 "ilote on the Martlev Quartzite"
Geol,Mag.

1899 "The geological structure of the
Southern iglverns and the adjoining
Jigtriet to the West" 2.7.G.5.
Vol.IV.0,129-69

1900 "Geological Structure of Portions
of the Malvern 2 Abberley Hills".
QQJ'-("’.S. Xfol.I}fI. '0.158—197.

1910  "The %alvern & Abberlev Hills and
the Ledbury District". Geoloey in
the Field (Geol.Assoc.Jubilee Vol.l)
p.698-733,



Hawkins, H.L.

Boll, E.B.

Hollingworth, S.E.

Kent, .7,

¥idston, R.,Cantrill,
& Dixon, E,%.1.

Hoore, I.R,

e & AR, Truenen

Murchison, R,I,

1942

1937
1940

1949

1917

1898

1912

1954

1948

"Some Episodes in the Geologicel
History of S... England",
Tregidential Address 8.J.G.S.
Vol JOVIIT p.49

me Geological Structure of the
Malvern Hills" Q.J.CG.2. Vol.XXI
‘p. "2-102 .

Summery of Progress Geol,Surv,p,”3

.

"Ma-oing of Head Deposit
GEO].._-.aS‘“a Dl ’8

S"o

A Structure Contour mep of the
surfece of the Buried Pre~Fermien
roci-s of England % Waleg"

P.G. 4. Tol.IX p.95,

"he Torest of Wyre andl Titterstone
Clee Coel Tiellds". Trans.Roy,Soc.
Tin., Vol., ILVI part IV 1,990,

Tiels Hxcursion Report P.G.A.
Vol.ZV. p.425.

"The Uppernmost Silurisn and 014 Red
Sandstone of 8. Staffg", Geol,iag.
Vol,IX,

"he Unconformity tetween the
Trappoid (Permian) Brecciss®
Worcestershire Tield Club.

"The Downtonian an? Dittonian
Strate of Grt,Hrit., snd H.W,
Turope". J.J.0,8, Vol.XC.p.526.

the Sequence snd Structure of the
Southern vortion of the Rast Cron of
The South Weleg Coslfields", 2.J.G.53.
Vol.CIIT P.2R1~C4,

"Structure of Bristol and Somersed
Coalfielis" F,G.A. Vol. L 10.63.
"The Siluriau System",

"Iiluria®,



Mykura, W.

Oskley, W.P., %

Phillips, J.

Pocock, R.W, &

212,

1951

Bdmurds,P,H, 1947

1849

7,1, Whitehead 1948

Pringle, J. & T,i, George 1248

Rastall, R.H.

Raw, F.

Richardson, L.

1930

1935

1935

Robertson, T,

1923

1927

1936

"The Age of the tglvern Folding".
Geol.Vapg, Vol,LXXXVITY p,589-392.

British Regional Ceology. "The
Centrel Encland Districh." Geol,
Surv, and Huseum, 2nd edition.

"The lMalvern Hills compared with
The Palaeozoic districts of Abberlev"
em,Geol- Surv, Vol,II part 1.

"The Welgh Borderland" British
Regional Geol,Geol,Surv.,

Erit. Reg. Geol, South Weles. Ceol.
Survey & Museum 2nd edition.

"On the Tectonics of the Southern
Widlands" Geol, Mag, Vo1, IXTT n,103.

"Structure end Origin of the
¥alvern Hills", P.G.A, Vol IXTTY
D.227-239,

"Wells and Sorings of Gloucestershire
Mem.Geol,.Surv,

YWells and Springs of Worcestershire®,

em, Geol.Surv,

"Wells end Sorings of Herefordshire",
lfenm,Geol, Surv,

"The Section of the New Railway
Tunnel throush the Melvern Hills at
Colwall". Ceol.Surv. Summary of
Progress for 1925. 0.162-173,

The fighest Silurian Roecks of the
Wenlock District" Sunmery of
Progress for 1926. Geol.Survey of
Great Pritein p.80-87.

Surmery of Progress of Geol.Survey of
Grt.Brit. District Revorts "West
"Mdlanis end Cembridee". p.45



213,

Rubey, W.W.

Rutley, F.

Strahan, A.

Shrock.

Stamo, L.D.

Symords, W.3. & lembert, A.
Symonds, W.S.

Trotter,
AR,

Trueman,

Welch, P.B.A. & Crookall, R.

Bo

Wellsg, A.X, Krkeldy, J.F,

Wills, L.dJ.

White, E.T.

1932

1887

d
%0
1l
A

1948

1923

1861

1861

1942

1547

1938

1948

1946

"Titholosical Studies of Wine-
orained Uoper Cretaceous Sedinentary
Rocls of Rlack Tills Region®,

U.S. Geological Survey Irof essional
Pa‘oel" 1(1 5 .
Migeriminetion of Periods of Harth

Vovemenke in the Pritish Isles".

Sequence in Layered Rocks.

the Devonisn' Geol,
D+ 365470,

"he Bage of
Wag. Vol.IX.

"Sections of Melvern and Ledbury
Tunnels and the intervenirs line of
Reilway™ Q. 1.C,9, Vol XVIT P.152-6C.

"mhe Geology of the Reailwe from
Worcester to flereford" Malvern Tield
Club.

"Geology of the Forest of Dean Coal
endl Iron-ore Pield". Mem.CGeol.Surv.
B, and W.

"Stratigravhicsl Problems 1
Coal Measures of Grest Eritain".
9.7.G,8, Vol,CIT p.65,

Y, et ® i

"outline of Historical Geology"
*The Elelsfncene
Wesgt Midlendes",

of Science p.71,

History of the

"The Pleistocene Develonment of the
Severn from Briicnorth to the sea™.
Vol XCTV,

2.J.G. 8.

"Paleeocraphy of the Midleands

"The Vertibrate faunasgs of the
Tower 014 Red Sendstone of the
Welsh Borier™ Bull of the Brit.ias.
(et .Hist). Vol. IT So.3.

Brit.Assoc. Advancenent



214,

Whitehead, T.H. 2 R.W. Pocock 1947 "Dudley and Brilgnorth" Geol.Zurvey
of Great Britain,

Wnitehead, T.H., T. RobertscH 1828 "The Country between Wolverhampton

R.W. Foecock & E.B,.L. Dixon. and Okengates". Mém. CGeol.Survey
5. and W,
Whitterd, W.F, 1952 " Geology of S~uth Shrovshire"

Proc,Geol.Assoc, Vol LEITT »,143,

Whitworth, T. 1952 "alvern Tectonics" corresmonience
Geol.lMg, Vol.XC p.384,

Worcestershire Naturalists 1914 Mr. tarnes® report on a Field Trip
Club. led by . J. B, Westby., Vol,VI,
part 1. n.%4.



215,

APPENDTIX.




2ls,

APPLIGATION OF GBOPRYSICS.

In the vicinity of Walsgrove Hill, the mepping of the Ayme stry
Limestone eastern outcrop was made difficult by the scercity of
outorops and the masking of the feature it usually crestes by the
pregence of the main Aymestry ridge nearby. It was dewided to
experiment with resitivity traverses.

A control wes mede over the floor of Woodbury Quarry wlere the
overburden was no more than one foot and the resitivity phenomena
could be easily associated with perticular rock types on the quarry
face., PFour eguelly separated electrodes were placed in the l1ine
of the traverse and potentiels recorded on a megger between the inner
pair. After each observation esch electrode was moved on 10 feet.
The results are recorded in the diegram on pege 269,

A triel treverse was mede over the Aymestry eastern outorop
where the boundaries of the limestone were known with feir acouTacy
from surface mepping, The faulted Aymestry Limestone wes remwesented
by e resitivity high.

Ten other traverses were made using 20 foot separations and
their results plotted as histogrsms on the accompeanying men. Some
of the results sre inconclusive, but in conjunction with the scenty
field evidence they enabled the “eastcrop™ to be mapped. S.E. of
Walsgrove Hill the resitivity "highs® end the topographical feature
suggest the limestond is tear faulted with a left hand displecement,
BEvidence far this transverse faulting within the mein Aymestry

Lime stone ridge showed the presence of minor displecements, it is,
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therefore, inferred that this anomalous region of the "esstcrop”
might be representel by closely set tear faults,

Inspection of the regitivity profiles suggests thet the
strike fault along the western boundary of the eastern Avmestry
outerop might be eassociated with a steeply decreasing resitivity
slope. This resitivity feature could be found on most nrofiles.

‘Imnediately N.E., of Walsgrove Ferm two trasverses confirmed the
presence of a bani of Aymestry Limestone (see nage ‘P& ).

Further to the south, resitivity traverses were meie over
outerons of shellow dirping Woolhove Limestone. The “opogranhical
feature nroluced by the limestone was broed and insufficient for
accurste mepping. The seme nrocedure was alopted es for the

Aymestry Limestoine lescribed gbove and as before, the limestone

formed o resitivity high,



VARIETIES OF STROFPHONELLA EUCLYFHA,

A difference betwe;n the Strophonella euglypha found in the
Indlow Shele and Aymestry Limestone and those found in the Wenlock
Shale is made in the dliegrams on page 271. These drawings have been
made from geveral specimens collected from the two formations.
Sumarising, the mein differences are:-

1) The Ludlow variety has a semi-elliptical dorsal valve,
whereas the Wenlock form is semi-ciroular ir outline.

2) The Iudlow's dorsel velve is more convex or higher than the
seme velve from the Wenlock Shale.

3) In genersl, but now always true, the Wenlock variety is
8lightly smeller then its representétive from the Imdlow,
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A SEDIMENTARY RHYTHM WITHIN THE WENLOCK LIMESTONE.

A microscopic rhythm of calcium carbonete and silt in parts of
the Wenlock Limestone has been used to determine top and bottom
criterion. This alternation does not appear to be restriocted to
one stratigraphical horiszon sinee the rhythm has been found in many
Pleces within the Limestone, from just above the base to near the
top. On a wéethered surfece in a wuarry this rhythm shows the
celcareous portion as fine, hair thick ridges standing in relief
above the rock matrix.

A lerge collection (30 approzimetely) of semples were mede
from:

a) Wallhouse Flantation (32/751636)

b) Quarry west of Wallhouse Plantation (52/750638)

©) Quarries south of Fetterlocks Farm (52/752632)

d) Dundridge Coppice (32/754627)

e) North of Basten Hall, Alfrick (32/733557)

£) Cother Wood, West Malvern (52/754472)

This represents o collection over a distance of epproximately
10 miles,

Each semple was ground smooth across the bedding surface gnd
etched in 5% Hydrochloric aeid for about 5 minutes. This had the
effect of dissolving ewsy the celcium carbonate and leaving the
silty matter as high ridges. Microscopic exsmination of the
etched surface revealed:

a) Alternate berds of calcium carbonate and silt with
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dimensions of the order of 2 mm., for a complete cycle, although
some of the bands were much thicker,

b) The silt particles' size remeined comparatively constant
throughout any particuler cycle.

¢) In considering a specimen the right way up, the mumber
of silt particles graduelly increases until they nearly exclude the
presence of all lime, after which they suddenly disappear. An
idea of this rhythm is seen in the photograph (see p.285 ). In two
ceses the orientation of the rock sample was known from current
bedding and a worm caste displeyed on the same murfece as this rhythm.
Other orientations were known from the field mepping,

There sre three ways of considering the farmation of this
mixture of sediments:

i) Consider a see in which lime is being deposited in a
constant quantity and the silt frection varies.

11) A sea in which the silt is constant and the lime oontent
varies.

11i) Comlination of 1) end 11).. This means eannot seriously
be considered since som® of the oycles would most likely be reversed.

The problem is to visualise some physcial or chemical means
whereby silt suddenly fails to be deposited ( i) ebove) or lime
suddenly sppears ( ii) above). No account hes been found in
literature whereby a detrital sediment suddenly ceases to be
deposited without causing grading above it, this dispenses with
theory i), Therefare, some process has to be throught of to
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suddenly precipitate lime in a sea where silt sedimentation is constant,
Conditions of sudden precipitation of lime coul? be obteined

in a sea where the water is ssturated or even super-gaturated with

lime, with an alteration of one of the physicel constents governing

the saturation of the water, such as a) temperature or b) pH value

of the water. W.W. Rubey' writing on e similer alteration of

sediments attributes the cycle to seasonal conditions. Probably this

. Wenlock cycle has similar ceuses since sessonal variations include

temperature and rainfall, changes which have their associated effect

on food supplies for gea creatures snd shifts in merine currents (warm

and cold) both these effects would influence the precipitation conditions,

1. W.W, Rubey, 1932, U.S. Geolorical Survey Professionel
Paper 185,



