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ASSESSMENT OF MYNYDD LLANGYNIDR AS A POTENTIAL SITEOF SPECIAL SCIENTIFIC INTEREST. LRC REPORT 2012/13

SUMMARY

Field mapping has confirmed published statemerds kiynydd Llangynidr contains the finest array of
collapse (caprock) dolines and subsidence basis aeywhere in Britain, and clearly demonstrates th
surface geomorphic effects of interstratal karsorédver, discussion with colleagues in other coestr
indicates that this is not just the best of itsdkin Great Britain, it is of global importance. dddition to the
surface landforms three caves are of particulaoimance as they allow the boundary between theagut

the limestone to be viewed in further detail fromdarground and provide further insights into the
development of interstratal karst. Two short cave®laen Onneu Quarry are also considered to have
interstratal karst interest. A suggested revismthe Statement of Interest for the GCR Site thfects the
additional cave interest is provided and a revisathe indicative boundary for the GCR site to@npass

the core area of interstratal karst is also suggesthe proposed GCR site includes the minimum area
required to represent the assemblage of denselyeotiated dolines, whilst excluding areas that dbo n
contain interstratal karst. The boundaries areemt#énded to include those few individual outlyirapmck
dolines that are separated from the core areadasavith no interstratal karst.

Given the clear national and international impor&aaf the Mynydd Llangynidr GCR site it is recomrded
that it should be protected as a SSSI. The valubeointerstratal karst lies both in the individietdforms
and the fact that within the proposed SSSI (pS@%p the density and variety of caprock dolines is
unsurpassed anywhere in Britain.

The pSSSI encompasses land being considered flusioe as a “preferred area of search for mineral
extraction” in the draft Blaenau Gwent LDP. It ecommended that this proposal should be opposttkas
area contains over 70 caprock dolines and is a&griak part of the pSSSI. Moreover, with the exaeptf a
small strip close to the rim of the present quating, limestone is overlain by Millstone Grit angstficial
deposits. The exact thickness is unknown but orb#tses of dolines close to the rim of the presesmiry it

is estimated to be at least 3m, rising to over @ieep further north and east. This implies thatgelamount

of material would have to be removed and tippedteethe limestone could be extracted.

1. BACKGROUND AND BRIEF

1.1 Surveys of Britain’s karst regions were undextabetween 1978 and 1990, as part of the Geologica
Conservation Review (GCR). During this processnitid Llangynidr was registered as a GCR site dn 1
June 1982. The GCR statement reads as follows:

“The site covers the summit area and upper dipgopeMynydd Llangynidr, where the solid outcrop is
nearly all Millstone Grit. It includes the mostegpacular assemblage of collapse dolines to be doun
anywhere in Britain. These have formed by solafi@nosion in the underlying limestone, with consag
collapse, pitting and foundering of the grit. Tiesult is a surface geomorphology which is an denéel
doline field and Britain’s best example of inteedéll karst.”

1.2 As with all GCR sites, an indicative boundamsvdrawn at the time of registration. The GCR ayrv
of British karst was published in the GCR voluméitead “Karst and Caves of Great BritdifWaltham et
al., 1997). A report on the scientific value of tgnydd Llangynidr site is given (pp 236-239), ergdang
on the above GCR statement.
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1.3 The Geological Conservation Review identifigésssof national and international importance nedde
show all the key scientific elements of the Earthrithge of Britain. The final decision on the cdse
notification is made by the Council of the respeztountry agency, in this case the CountrysidenCibtor
Wales. In order to progress notification a form&S$ boundary needs to be defined. As the curreriR GC
boundary does not always reflect the karst featsees on the ground CCW have commissioned Limestone
Research & Consultancy Ltd to undertake reseantiediiat ensuring that a subsequent SSSI boundary is
drawn that encompasses all the important featurd®w including any unnecessary extraneous aréas o
land.

1.4 A proportion of the GCR site, as it is currgritefined, is at potential risk from future quamyj as it
is under consideration for inclusion as a “preféraeea of search for mineral extraction” in thefidBdaenau
Gwent LDP. CCW requested a detailed survey ofahes to ascertain whether it is worthy of notificatas
SSSI.

1.5 The project specification has three main corepts
1. A desk-top review of available literature sourcadvynydd Llangynidr.

2. A field survey of the entire GCR site, identifyiagd surveying important features. This survey
needs to be sufficiently accurate to inform theirdaltion of a scientifically robust potential
SSSI boundary, and to support notification of thére area, with particular attention paid to
that area being considered for mineral extraction.

3. A report detailing the nature and location of intpat features as pertaining to the GCR
statement, and detailing the extent to which seetufes extend and hence a suggested SSSI
boundary.
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2. LITERATURE REVIEW

2.1 The literature review requested as part of ghgect specification refers specifically to Mynydd
Llangynidr. However, it was felt that a brief rewieto provide background on dolines (the primary
landforms on Mynydd Llangynidr) and interstratalrdta(the highest level interest feature on Mynydd
Llangynidr) would provide useful background to tm®re detailed review. In addition, the stratigraphi
nomenclature is also briefly reviewed.

Stratigraphic nomenclature

2.2 The nomenclature for the rocks that crop ousdnith Wales has been revised several times oger th
years and it was felt useful to briefly outline th®in units to avoid confusion. Virtually all pustied
accounts relating to Mynydd Llangynidr and the sunding area, and the most recent 1:50 000 Sef3 B
Sheet 232 which covers the area, and the Memoic(@a 1989) refer to the stratigraphic sequence as

Lower Coal Measures
Millstone Grit

(also referred to as the Namurian Millstone Griti&eand as the Millstone Grit Group)
Carboniferous Limestone

(also referred to as the Dinantian Limestone)

2.3 These terms are used in this report in theesassd by the original authors and in particulartdrm
‘Millstone Grit’ is used throughout in an informaknse. However, it is recognised that they have bee
superseded and Waters et al (2009) outline the reaoeht nomenclature at Group level as:

South Wales Coal Measures Group (Westphalian age)
Marros Group (replaces Millstone Grit Group; Naraarage)
Pembroke Limestone Group (Tournaisian to Visean age
Avon Group (Tournaisian age)

2.4 At formation level there is lateral variability South Wales but in the Mynydd Llangynidr arbe t
sequence is:

Bishopston Mudstone Formation

Twrch Sandstone Formation (locally the base oMaeros Group and of Marsdenian to
Yeadonian age; formerly called the Basal Grit(siBasal Grit Group)

Dowlais Limestone Formation (Holkerian age)

Garn Caws Sandstone Formation (Arundian age)

Llanelly Formation (Arundian age)

Gilwern Oolite Formation (Chadian age)

Coed Ffyddlwn Formation (Courceyan age)

Blaen Onnen Oolite Formation (Courceyan age)

Pantydarren Formation [Courceyan age)

Pwll y Cwm Oolite Formation [Courceyan age)
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2.5 Importantly there is a substantial unconfornigfween the top of the Dowlais Limestone Formation
and the base of the Twrch Sandstone Formation.uppermost limestone beds were deposited before the
end of the Holkerian about 333 million years agdlsththe gritstones at the base of the Twrch Samgst
Formation were laid down at the start of the Mansgie about 315 million years ago. It is possiblatth
limestone deposition continued into the Asbian erhpps even to the end of the Brigantian, about 326
million years ago and that any related depositeweabsequently removed by erosion. This meangttbedt
was a period of around 11 million years beforedékas in which the grit was deposited began tastjeess

the area and that is sufficient time for substarkzastification of the exposed limestone. Jone©&en
(1966) describe the top of the limestone as beigghhirregular with slumped masses of MillstoneitGr
filling depressions in the limestone and this hs® deen observed on Mynydd Llangynidr during the
present project.

Dolines

2.6  Williams (2004, p. 304) provides a good intrctitin to these landforms:

A doline is a natural enclosed depression founkkirst landscapes. Dolines are also sometimes known
as sinkholes, particularly by engineers and esplcia North America. They are usually subcircular
in plan and tens to hundreds of metres in diamaterugh dolines can range from a few metres to
about a kilometre in width. From the lowest pointtbeir rim, their depths are typically in the raag
of a few metres to tens of metres, although somebeamore than a hundred metres deep and
occasionally even 500 m. Their sides range frontlgeioping to vertical, and their overall form can
range from saucer shaped to conical or even cyigadlr Their lowest point is often near their centre
but can be close to their rim. Dolines are espégiebmmon in terrains underlain by carbonate rocks,
and are widespread on evaporite rocks. Some are faland in siliceous rocks such as quartzite.
Dolines have long been considered a diagnosticftana of karst, but this is only partly true. Where
there are dolines there is certainly karst, but dtacan also be developed subsurface in the
hydrogeological network even when no dolines anadoon the surface.

2.7 As dolines are present in almost every arewahith karstifiable rocks crop out or are present at
shallow depth the literature contains a varied teolgy reflecting form, process, materials andaloc
conventions. However, since 2003 six main dolimes/ have been recognised by leading international
experts (Figure 1; Waltham & Fookes, 2003; Willia@804; Waltham et al., 2005; Ford & Williams, 2007

2.8 Dissolution of bedrock is the initial formatiywocess in all dolines and the sole process in the
development of solution dolines. The two other fatiwe processes are collapse (which is commonlidrap
and involves fracturing of the surface materialyl absidence which is a more gradual process. [3ala
can only occur if there is a void for the matet@bollapse into. In the case of collapse and adpdolines

the void is formed by bedrock dissolution and mustome sufficiently large that the stress excebds t
strength of the overlying bedrock. Proximity to thaface is also important and collapse of a caeé at
depth may have no surface expression (Figure 2¢ Ty although Thomas (1974) has argued that pe#a

of a cavity as much as 250m below the surface eath o doline development. Conversely, Bull (19789
argued that doline development can lead to breakdawd the development of boulder chokes in caves as
much as 250m below the doline base. In dropoutndslithe void forms in cohesive superficial deposits
which are evacuated down a dissolutionally enlargedduit. Suffosion dolines (commonly called
shakeholes) form when non-cohesive superficial siépcare washed down a dissolutionally enlarged
conduit. As dropout and suffosion dolines are fatnme superficial deposits over karstified bedroblkey
tend to be short-lived landforms on a geologigaktcale. Solution, collapse and caprock dolinesoaiger-
lived and where they become filled with sedimemtythare classed as buried dolines.

4
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Figure 1 : The six main types of dolines (diagramaurtesy of Tony Waltham)
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Possible relationships between caprock dolines améve boulder chokes in South Wales
(from Bull, 1977; note that the geology is highlyimplified).
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2.9 Where Karstifiable rock crops out or has a ttomer of superficial deposits solution dolines Hre
commonest form but as the thickness of superfidigosits increases suffosion dolines become more
common. Collapse dolines are much less commongbhknion dolines. Caprock dolines are quite common
over evaporite bedrock but much less common incrate bedrock. In the karst regions of Great Britai
collapse dolines and caprock dolines are rare aritsi South Wales, as discussed further below.

2.10 The doline-type classification is process das® dolines may also be classified by shapen leaaly
paper Cvijic (1893) used the diameter/depth ratiogistinguish three primary forms: bowl-shapeattfsh
floor; diameter ~ 10 x depth); funnel-shaped (ditan&-3 x depth) and well-shaped (diameter < depth)
Over time collapse and caprock dolines may evoheenfwell-shaped, through funnel-shaped to bowl-
shaped (Figure 3).

youthful degraded

Interstratal karst

2.11 Where karst rocks do not crop out but aregmebeneath less soluble or insoluble cover strata
subsurface dissolution is termed interstratal Karation (Quinlan, 1967). Interstratal karst isnomon
where the karst rocks are sulphates or haliteselsstcommon in carbonate rocks. In some areas ithex
surface evidence for dissolution of the karst rdolsin others dissolution of the karst rocks isiifest by
collapse or subsidence structures in the overlyowks and these structures may extend to the sugac
caprock dolines. Interstratal karstification is gtimes confused with intrastratal karstificationieth‘refers

to the preferential dissolution of a particular lwdother unit within a sequence of soluble rocssrd &
Williams, 2007, p3).

2.12 In Great Britain the only extensive intersitddarst region is in South Wales and extends wiitor
breaks for 60km between the western end of Blackiin and the Blorenge area in the east” (Thomas,
1974, pg 139; see also Figure 4 below). In NortHeéd/8attiau-Queney (1984) identified what she tefme
“flat-bottomed basins” excavated in Millstone Giitcks in and around Moel Garegog, south of Molde Sh
describes them as being completely closed andn@yan average length of 100m with long-axes foligwi
the strike. | am not familiar with this area andrdst know of any other descriptions of what mayatemall
area of interstratal karst, although Battiau-Quelig984) ascribes the origins of the depressions to
dissolution of silica and its evacuation by grouatlw. Elsewhere on the Carboniferous limeston&sreét
Britain there are no known examples of interstriatakt or caprock dolines in the Peak District kéns
there are several small areas of interstratal kaitstisolated caprock dolines in northern Englaachund
Simon’s Seat to the northeast of Craven (Dr Dawavé, pers comm) and near Grassington (Dr Andrew
Farrant (British Geological Survey, pers comm.,20Dr Farrant has also informed me that in theeBof
Dean there are caprock dolines in the Cromhall Saneé Formation where it overlies the Black Rock
Limestone and on the Mendip Hills where the Hamtreds overlie the Carboniferous Limestone butkether
are no extensive areas of interstratal karst.
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Figure 4
Generalised geological map of the North Crop regionf the South Wales coalfield (Thomas, 1974).
The eleven boxes show the areas of interstratal ksirthat were surveyed by Thomas

2.13 Outside of the Carboniferous limestone ardass (1974) notes that pitting of non-calcare@ys ¢
or cover rocks by dolines and allied forms has beenrded in the middle Thames valley (Hare, 194

in the Dorchester area (Fisher, 1859). Dr Andrewdfd (British Geological Survey, pers comm., 20423
confirmed that these and are other similar examatesa consequence of dissolution of Chalk benaath
cover of Palaeogene and London Clay. These areaspnaviously been described as covered, as opposed
interstratal, karst and the depressions have begarded as subsidence forms rather than caproakedol
(see discussion of Cull-Pepper's Dish and DeviliscRbowl! in Waltham et al., 1997). Although these i
some similarity with the South Wales examples tierauch less variability in form.

The South Wales interstratal karst

2.14 Thomas (1974) summarised the results of higildd studies of the South Wales interstratal tkars
undertaken over a period of over 20 years and tegdon a series of papers (Thomas 1954a, 195419, 195
1963, 1973). As this is thought to be the most ietaresearch undertaken on an interstratal karst i
carbonate bedrock anywhere in the world it is sursed briefly below. The research covered elevecks
(Figure 4) each of which were surveyed in detailtio® ground. Thomas identified four main groups of
interstratal karst features: collapse dolines,lshasubsidence depressions, foundered Millstone r@aisses
and dry valleys.

Collapse dolines

2.15 Thomas (1974, pg 150) considered the fieldgabfapse dolines (which would be referred to as
‘caprock dolines’ using modern terminology) to ke’ outstanding feature of the South Wales intatair
karst. He mapped the whole area using aerial photograpid ordnance survey maps and examined 437
dolines in detail, including all those with a loagis greater than 25m. For these 437 he measumd an
recorded:

» Lateral dimensions

* Depth

e Sidewall slopes

» Slope of the land surface that is pitted by thengol

« The nature of the sidewalls and any bedrock exjgosur

7
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2.16 Where rock sections were present these weveyRd to ascertain whether they conformed with the
regional dip or provided evidence of some degree of up-ending ckling as a consequence of subsidénce
(pg. 140). Thomas also assessed the role of faulisjoints in doline evolution and constructed sfos
profiles to determine whether the doline shouldclassed as a single-cycle feature resulting frasmgle
sudden collapse or whether there had beeprbcess of long drawn-out foundering occasionadlyied by
cycles of movement of greater order over segmdisliwidual depressiori{pg 140).

2.17 Thomas (1974) classed the 437 dolines acaptdithe Cvijic scheme (see para 2.5) as follows:

Funnel-shaped 314
Bowl-shaped 85
Well-shaped 39

2.18 The larger dolines surveyed by Thomas arelaeveloped on low angle slopes with 63% on slope
less than 5° and only 18 (4%) on slopes greater1Ra

Surface slope angle (degreefumber
<5 277
5-8 92
8-12 50
>12 18

2.19 Just over 25% of the dolines surveyed hadhetipally perfect circular outline and the majoritfythe
others were elliptical. Thomas explained this amdelue to the influence of faults and joint setsth
individual fractures showing close spacing.

2.20 Of the 314 well-shaped dolines, almost onettfil01) contained freely-exposed rock-sections but
these were generally of restricted extent and eceloréess than 10% of the sidewall area. Thomasirnbse
many of the sidewalls had a mantle of loose gotkd with variable quantities of clayey head tlzagély
masked the bedrock. He also concluded thlaé ‘majority of the depressions are single-cyclatuiees
originating as a consequence of one major catastiopollapsé (page 141).

2.21 Thomas (1974, pg 151) argued that the capdotkes were formed by cavern collapse and that
“major elements, such as large caverns or passagewhyonsiderable cross-section, within substantial
cave systems formed the foci of the main collapsBsill (1977, 1980) expanded on these ideas and
investigated the relationship between caprock dsliand boulder chokes in South Wales cave systdens.
put forward a simplified model (Figure 2) with fiigpes’ that were considered to represent compiznein

a continuum that could occur in isolation or in d@nation. The geological relationships shown on the
model are highly stylised but it provides a simpisualisation of possible relationships that migkiblve
over time. At least initially, the dolines were siered to develop independently from the productb
boulder chokes in deep caves by breakdown procdgsemd E on Figure 2) with the possibility of
convergence over time (B, C and D on Figure 2).
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Subsidence depressions

2.22 These depressions are described as beingwbal(maximum depth commonly <56m) and more
scattered than the dolines. They are broadly avautline but have no consistent elongation thaghtni

reflect possible structural guidance.

Foundered Millstone Grit masses

2.23 On the basis of his own field surveys and nmppy the Institute of Geological Sciences (now th
British Geological Survey) Thomas (1974, pg 14&niified areas that had been mapped as Carboniferou
Limestone but were covered witthe collapsed and soliflucted residue of a formasd Grit cover, let
down to a maximum of 250nmmportantly for the present report he noted {@®) that Tn places therefore

it is virtually impossible to define with any degref precision the exact boundary of these two majo
formations despite their sharply contrasting lithgies (Figure 5). Thomas went on to identify three mmajo
types of foundered mass:

I.Segments of rock pavements which have been thsrapd tilted along the lines of major joints
ii.Beds which have subsided gradually without majgturing to form structural basins normally
discernible in the surface relief
iil.Successions which have been subjected to c®lap varying amplitudes and lateral extent so as
to provide a jumble of loose blocks preservingmaidations of the former structure at least not
in the uppermost and visible sections of indivicaaumulations.

COLLAPSED AND COLEAPSED FOUNDERED BASAL GRIT
SOLIFLUCTED GRIT BASAL GRIT

DEBRIS ON i

CARBONI FEROUS

LIMESTONE

—-JE_ #;4 rtoe

’? ﬂu"ﬂ,-.‘.-;sd —__._I—___
——_T_ —_E?G‘m.g _.__|

oo o
METRES

Figure 5 : Schematic cross-section illustrating foudered Millstone Grit masses (from Thomas (1974)
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Dry Valleys

2.24 Thomas identified several short (up to 2kmgtshes of dry valley in the Millstone Grit areae H
divided them into two types:
i.Shallow features whose floors are punctuated dilajgse dolines or broader subsidence depressions
but show a decrease in elevation in a down-dipctior
ii.More sharply defined gorge-like features up tomldeep and occasionally with collapse dolines
extending laterally into the valley-side.
Both types of valley are largely confined to aredeere the limestone is <50m below the grit and Ta®m
suggests that they are dry because the grit isjaiated and can absorb rainfall.

Development of the South Wales interstratal karst

2.25 Thomas suggested that the unprecedented gdewad of interstratal karst in South Wales is
attributable to three factors:

1. In contrast to other parts of Britain, there is ary abrupt lithological break between the
Carboniferous Limestone and the Millstone Grit.the west there are thin shales between the
limestone and grits but in the east (including MyahyLlangynidr) the limestones are directly
overlain by massive, jointed quartzites and questzglomerates. These have a higher permeability
than the shales that directly overlie the Carboaifs limestones in most other British karst areas.

2. The regional surface gradient is broadly similath® dip of strata so that the thickness of the gri
cover beds (the Twrch Sandstone Formation on Myyddgynidr) increases slowly from a fine
feather edge.

3. Many of the main drainage areas in South Walesliageted generally down-dip.

2.26 As noted above, Thomas (1974) ascribed theld@went of the interstratal karst in general, trel
dolines in particular to dissolution of the carbenbedrock and the formation of cave systems. Hewev
Burke & Bird (1966) suggested a mechanism wheredygrack dolines could form by dissolution of
carbonate without the necessity for integrated adrgystems (Figure 6). This fits better with obsgions

on Mynydd Llangynidr where there are few known caamd those caves that are known have no clear
relationship to caprock dolines. This is discudsether below.

10
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Figure 6 : The Burke & Bird (1966) model for the derelopment of caprock dolines from drip pockets

2.27 An alternative explanation was provided bytiBatQueney (1984) who suggested that chemical
weathering of the Millstone Grit quartzites duriageriod of warmer climate was an important process
landform evolution in South Wales. In particulangsargued (pg 238) thahder a climate hot and wet
enough to allow a rapid solution and massive expbrsilica, the decay of some beds could creatmesl
without the prior formation of caves in the undartylimeston€ Dissolution of limestone was not thought
to occur until some time later following tectonipeming of fractures in this rock to allow watercaiiation.
The dolines would then act to focus drainage aedptiocess would be self-reinforcing as it wouldrecied
aggressive water down to the limestone increagiegate of dissolution. A major flaw in this argurmés
that it is implicit that there was already somenfoof drainage system in the limestone such that the
dissolved silica could be exported undergrounde#ms likely that such a system would have devdlape
the time represented by the late Holkerian to eddysdenian unconformity and it is known that sahée
early grits filled voids in the limestone. Howevédurther research is required to develop a conwici
unifying theory for caprock doline formation and Myd Llangynidr is the ideal location for this take
place.

Literature specific to Mynydd Llangynidr

2.28 Thomas (1974) surveyed eleven areas of irgabkarst (Figure 4) and stated that of these ydgn
Llangynidr had the most spectacular assemblagellzsipse dolines (Figure 7). The GCR Volume (Waltham
et al., 1997) states that there are over 500 dolowmcentrated in an area of less than 16 (figure 7)
although it is not clear how this was derived asv@her (1989, pg 35) gives the number in the sama as
600. In any event this is a very much greater @afiansity than anywhere else in Great Britain aigllarge

by global standards.

11
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2.29 Thomas states that sample blocks of 250m Byn26n Mynydd Llangynidr contain up to 12 large
dolines, 20-40m in diameter and 5-8m deep. The ritgjare in the area underlain by the Basal Grit bu
seven have collapsed upwards into the overlyindeshand one is recorded as extending up to the Lowe
Coal Measures which are about 30m above the tdpeofimestone at this point. Interestingly, thidimle,
which lies to the east of the B4560 and is wittie Mynydd Llangatwg (Mynydd Llangattock) SSSI i th
largest in the area being some 55 m wide and 1@eap @Figure 8). On the 1 25 000 map supplied by CCW
it is labelled as Pwll Coch but on the 1:10 000eb@sp supplied by CCW and on the Ordnance Sunasy 1:
000 Brecon Beacons (East) Sheet that name hasafgyobrroneously) been given to a much smallemdoli

a few metres to the northwest and on the oppoisiéecs the road.

2.30 Thomas (1974) estimated that within his Mynyddngynidr survey blocks what he terms the
maximum total volume of doline craters is some @80,n7. It is not clear how this figure has been derived
but it does illustrate that a substantial amountiroEstone, and probably also some gritstone, e b
removed in solution.

- cover shales « @ doline

subsidence basin

quarries

| foundered grit

= surface stream

0 kilometres 1
L J

Figure 7 : Geological map of the doline field on Mgydd Llangynidr
(from Waltham et al., 1997; partly after Thomas74:90gof Carno survey by Brynmawr Caving Club).
The ‘cover shales’ are Bishopston Mudstone Formadind South Wales Coal Measures Group; the ‘Basal
Grit’ is the Twrch Sandstone Formation; the ‘linmst’ is Pembroke Limestone Group and the sandstone
beneath the limestone is Devonian. Much of thedimee outcrop is covered by soliflucted grit blacks
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o Sr——— _Vehicles on B4560

)

Figure 8 : Pwll Coch, the largest caprock doline inhe area (photo by John Gunn).

2.31 In addition to the many caprock dolines Thor(&74) identified six subsidence depressions on
Mynydd Llangynidr. They comprise Llyn y Garn-fawtigh has a flat floor and a lake that expands and
contracts seasonally and five depressions to thietleat have sediment floors pitted with what anabpbly
suffosion dolines (Figure 7). He also identifiedeth substantial areas of foundered basal grit (Eigy the
easternmost of which lies to the east of the B4&6d is within the Mynydd Llangatwg (Mynydd
Llangattock) SSSI. The two eastern areas occupyngranapped as being Millstone Grit but the western
area overlaps the Millstone Grit-Carboniferous Lsteme boundary. Thomas also identified a much farge
area that he described as the collapsed and stdifluresidue of a former Basal Grit cover lying on
Carboniferous Limestone. This runs for about 4kanglthe northern edge of the escarpment, overlgokin
the Claisfer Valley, and extends some 200m to tvéhrof the mapped boundary between the Millstonie G
and Carboniferous Limestone. In the GCR Volume Wait et al (1997) estimate that is has an area of mo
than 12 ha. This is a particularly interesting zane the present writer would concur with Thomaa th
much of this area it is virtually impossible to ihef with any degree of precision the exact boundathese
two major formations despite their sharply contragslithologies. This is discussed further in Seit8.

2.32 Thomas (1974, page 150) makes brief mentio@guff Cynnes and suggests thather substantial
cave systems not yet fully described and completgiyored” are known beneath Mynydd Llangynidr.
However, the writer is only aware of four cavesan§ size on Mynydd Llangynidr: Ogof Cynnes (~1300m
long), Chartist Cave (~440m long), Crescent Cavébift long, 81m deep) and Blaen Onneu Quarry Pot
(426m long, 74m deep). There are also two shoaeesin Blaen Onneu Quarry (also referred to theCthl
Blaen Onneu Quarry) referred to by Oldham (198@)@d (~20m long) and No 2 (~7m long).

2.33 The caves are described in two cavers puldita{Oldham (1986) and Stratford (1986)) and irreno
detail on three main web-sites:

1. The Cambrian Caving Council : http://www.cambriaviagcouncil.org.uk/registry/

2. UK Caving : http://ukcaving.com/wiki/index.php
3. http://iwww.ogof.org.uk

13
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2.34 Ogof Cynnes, Chartist Cave and Crescent Caste leas an entrance in, and is partially roofedhsy,
Millstone Grit (Figures 9-16). They provide intetiag insights into the relationships between caasspges
and interstratal karst features and as such treeg@nsidered to be important GCR and SSSI featUitesy

are also important in providing access to the ufaramty between the Millstone Grit and the Carbentius

Limestone which has clearly played an importarg inlthe development of the interstratal karst.

2.35 Figures 17 and 18 are surface related plarGhaftist Cave and Ogof Cynnes both of which have
rectilinear patterns that are indicative of a sgratructural influence on their development. Nofaue
related plan is available for Crescent Cave butraey and profile on www.cavinguk.co.uk/info/cres8u
show the horizontal and vertical complexity of tliave that has developed entirely under a cover of
Millstone Grit.

2.36 The Blaen Onneu Quarry Caves (no 1 and Nor@jige an important contrast to Ogof Cynnes,
Chartist Cave and Crescent Cave in that they avelgged a short distance below the Millstone Grit-
limestone unconformity. No surveys are known tesegnd the caves are only accessible for a fewdens
metres but they appear to be trending beneathrihelge roof of the lower cave (Oldham’s No 1) leas
mammelated form that could be a paleokarst hori@idham (1986, pg 2) also states that the No 2 bag
been smoke tested to Cave No 3 and Cave No 4 ahdTihe northern side of this quarry appears tohe
large boulder ruckle”. However, the location maatthe provides has no north point and when it isectly
orientated it is clear that the No 3 and No 4 caaesl the ‘boulder ruckle’ lie to the west in amaiof
Millstone Grit. No description is given of the Noa®d No 4 caves and they were no located during the
present study. However, Blaen Onneu Quarry Caved Mod No 2 clearly form an integral part of the
interstratal karst interest.

2.37 The hydrology of Mynydd Llangynidr is descdbby Gascoine (1989) who reports water tracing
experiments that showed two sinks to the west®f3R site (presumably in caprock dolines as thigdll
within the area where Millstone Grit crops out)idraouth to Ffynnon Shon Sheffrey. However, a $m#
caprock doline northeast of Ogof Cynnes, anothée about 1km to the east and Pwll Coch were atietla
east to Ffynnon Gisfaen. A sink about 360m norttiveast of Pwll Coch was traced to the Ace of Spades
inlet in Agen Allwedd. The tracing experiments werelertaken with Lycopodium spores and have nat bee
replicated but it would appear that there is anengibund watershed beneath Mynydd Llangynidr. FEgur
12.3 in Smart & Gardener (1989) also shows a thawa Ogof Cynnes to Ffynnon Gisfaen and from Blaen
Onneu Quarry to the Turkey Streamway in Agen Alldied
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Figure 9 : Caprock doline with entrance to CrescenCave (behind figure)

.‘.

: {1 e e
K & . B e = J EReap Y i i
Figure 10 : Entrance to Crescent Cave — exposed hedk is all Millstone Grit
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Figure 11 : Millstone Grit exposed in roof of entrance chamber, Crescent cave

Figure 12 : Arched entrance (in Millstone Grit) to Chartists cave
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Figures 13 : Looking back towards entrance of Chait Cave. Roof Millstone Grit; walls limestone

o,

e to Ogof Cynnes

Figure 14 : Caprock doline with gritstone arch andentranc
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Figure 16 : Lens cap is at junction of Millstone Git and limestone, Ogof Cynnes
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raw : : s &
Figure 17 : Surface related plan of Chartist Cavedompiled by John Stevens)
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3. FIELD SURVEY & PROPOSED SSSI BOUNDARY

3.1 The Mynydd Llangynidr interstratal karst extsraler an area of ~12Kkrand budgetary constraints
limited the time for fieldwork to three days. It svalear from the descriptions in Thomas (1974) ianthe
GCR Volume (Waltham et al., 1997) that the corehef GCR site is of very high value and hence it was
decided to focus mapping along the indicative bamaf the GCR site with a view to determining the
location of any areas of interstratal karst impocgoutside the indicative boundary and any aresdé the
indicative boundary that did not have interstrétaist interest features. Unfortunately on 2% ofdhgs the
visibility was less than 50m, dropping to less ti2&m for part of the time and this both made fawsl
progress and meant that features more than 50mtfrertransects could not be seen. However, vergd goo
aerial photograph coverage is available for tha ara this has allowed those areas that couldenuisited

to be assessed using information gained from thoszs that were visited.

3.2 The procedure adopted was to create a seridagpoints using a hand-held Garmin GPS 12. At each
Waypoint photographs were taken and notes madelothdons were exported to Excel and CCW imported
them into a GIS and overlaid them onto aerial ptaatphs and 1: 10 000 Ordnance Survey sheets aflowin
the field notes and photographs to be placed itestnThe majority of the Waypoints are consideiete
accurate to less than +/-5m horizontally basedesording of the same point at the start and englach
transect and on the recording of known points agiBarn Fawr and a trig point. However, Waypoints i
the base of steep-sided dolines have a lower aogura

3.3 During the transects over one hundred dolire®wecorded, confirming the density of these festu
There was a remarkable variability in diameter,tdephape and materials. They included a full rapige
morphologies from shallow flat-floored to deep atelep-sided. Several dolines acted as stream-Siokse
contained standing water bodies and some conta@ezts but the majority were free-draining. Exposed
situ bedrock was only present in a few dolines dnarse grit blocks were a feature of many and dlsma
number appeared to be developed entirely in fougatgrit.

3.4 As expected from the published work of Thomagewed in Section 2 it is clear that the special
scientific interest of the site derives from bdtle individual landforms and from the remarkablesityrof
the caprock dolines, far greater than in any offaet of Great Britain. These are not fully refletia the
indicative GCR boundary as there are importantrétriagtal karst areas outside the boundary whilsteso
areas where no interstratal karst interest has lmmtified are within the boundary. To correct dhe
imbalances a new GCR boundary is proposed thaticengll of the interstratal karst interest feasure
identified with the exception of a small numberootlying caprock dolines that are separated froencibre
zone of interstratal karst by areas that contaimterest features. The proposed GCR/SSSI Bourfdatie
eastern part of the site is shown on Figure 19 thedwestern part is on Figure 20. The key diffeesnc
between the indicative and proposed boundariediscessed below.
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Figure 19 : Eastern Mynydd Llangynidr.
The yellow line is the indicative GCR boundary andhe red line the proposed GCR/SSSI boundary.
The numbers are surveyed Waypoints
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Figure 20 : Western Mynydd Llangynidr.
The yellow line is the indicative GCR boundary andhe red line the proposed GCR/SSSI boundary.
The numbers are surveyed Waypoints
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3.5 The eastern boundary of the pSSSI has beemdaathe east of the B4560 to enclose a grouprgéla
caprock dolines that are an integral part of thenjlg Llangynidr interstratal karst. They lie withihe
current Mynydd Llangatwg (Mynydd Llangattock) SS@iich incorporates the Mynydd Llangattwg Caves
GCR site and is notified for this cave feature adl \&s various biological special interest featurgsese
dolines include Pwll Coch, the largest of the cagrdolines (Figure 8). There are several isolatgarack
dolines to the east of the proposed boundary leytdio not form part of the core doline assemblage.

3.6 The northern edge of the eastern pSSSI bourttagses the B4560 close to the old Blaen Onneu
Quarry at WP108 and then trends west past the eroredge of the quarry. This former limestone quisr
important as the caves provide access beneathntenformity at the top of the limestone sequenee (s
paragraph 2.35). They also contain speleothemshthat formed on collapse blocks. Their basal agadvo
provide a minimum date for the end of collapse.

3.7 Immediately to the west of the quarry edge #iasarea of foundered grit that was not recorded by
Thomas. Continuing west there are several caprotikas followed by a more extensive area of fouader
grit that contains unusual dolines (Figures 21 22)d Another doline in the same area (which isidetand
immediately west of the indicative GCR boundary3 iva situ Millstone Grit bedrock in the backwalltbu
appears also to be part of an area of founderé@igure 23).

Figure 21 :
Extensive area of foundered grit close to Waypoint20
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L
w

Figure 22
One of several small dolines in the foundered gritlose to Waypoint 120

V- P ol 2
Figure 23 : Doline close to Waypoint 125
Millstone Grit is in situ behind the figure and there is an extensive grit scree downslope
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3.8 Continuing west, the boundary of the pSSSiaihjtruns well to the south of the GCR boundarynas
features of special interest were located in theaaHowever, to the west of Waypoint 141 the pSSSI
boundary encompasses an area of land to the nioiftle GCR boundary. This was only partially mapped
the ground but the aerial photograph confirms thabntains numerous dolines. On the BGS 1:50k Shee
232 most of this area is mapped as Dowlais Limestblowever, Thomas (1974) suggests that the limesto
only crops out as a series of outliers and thattrabthe area is what he terms “Collapsed and I8otiéd
Grit on Carboniferous Limestone”. The boundary vpéeced using the aerial photographs and encloses
virtually all of the dolines. Similarly, continuingest the pSSSI boundary varies from the GCR bayraa

it is drawn to contain the majority of dolines amlarea of foundered grit. It is recognised thatesof these
dolines in this area, particularly the smaller gnasly not be caprock dolines but instead are pitgbab
‘normal’ solution dolines formed in limestone beckoHowever, the complexity of the area is suctht tha
inclusion of all dolines is justified. This can Beistrated by reference to WP50 and WP52 on Fidire
Both are well within the area shown on the BGS ragabeing Dowlais Limestone but whereas limestone
crops out at WP52 (Figure 24), some 150m to thé &a®/P50 there are several dolines with extensive
trains of grit boulders (e.g. Figure 25) that amilar to those well inside the area underlain bit. g
Moreover, the limestone at WP52 is at a height2ins (OD, from GPS) whereas the doline rims are at
510m OD.

Figure 24 : Limestone cropping out at WP52 (shownyoGPS unit)
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Figure 25 : Caprock doline with extensive train ofgrit boulders adjacent to WP50

3.9 The western limit of the northern boundaryref pSSSI is placed at WP18. As in the areas tedkt
this area is mapped by BGS as Dowlais Limestoneashitter described as “Collapsed and Solifluceid

on Carboniferous Limestone” and there are sevedahes such as the one shown in Figure 26 thatagont
water bodies and hence are unlikely to be simpletisa dolines. South of WP18 the boundary is again
drawn to include the majority of dolines and extesduth of the GCR boundary to abut Trefil Quafiye
pSSSI encompasses all of the land being consideredclusion as a “preferred area of search foneral
extraction” in the draft Blaenau Gwent LDP and iBigiscussed in more detail in Section 4.

Figure 26 : Shallow interstratal doline with waterbody near WP18
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3.10 From Trefil Quarry the proposed boundary teeedst, briefly coinciding with the indicative GCR
boundary before trending north to exclude areashhae no (or very few) dolines and no interstrataist
interest. This includes the large, shallow valleyhe head of Cwm Odyn-ty that extends to withi®mh5of
the proposed northern boundary.

3.11 The pSSSI boundary follows the head of thieyaind then trends southsoutheast across theatidic
GCR boundary before heading west and then northteesieet the B4560 close to Pwll Coch as described
in paragraph 3.5. The area to the south of thecatise GCR boundary contains many interstratalnesli
including several with standing water bodies (F&gu27 and 28).

Figure 28 : Large doline with water body at WP4 ineast of pSSSI.
A stream enters the doline but there is no evidendeat the lake ever overflows
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4. THE “PREFERRED AREA OF SEARCH FOR MINERAL EXTRAC TION”

4.1 The western boundary of the pSSSI encompadisesthe land being considered for inclusion as a
“preferred area of search for mineral extractiam'the draft Blaenau Gwent LDP. In March 2010 thisaa
was examined by a CCW geologist, Gareth Owen, wappad 73 dolines in the area in addition to 12 that
are shown on the 1:10 000 Ordnance Survey mapohguded that the area is “packed with featurest&ey
the GCR interest and so is a key part of the G@&R.si

4.2 The present survey was undertaken under adweesg¢her conditions that precluded a detailed
assessment of the whole area. Instead a north-saumbect was made along the eastern boundaryviedio
by a transect from south to north close to themguaargin and then north (Figure 29).

4.3 The survey, and the aerial photograph on whichplotted, clearly shows that this is an araéthwa
high number of dolines. Some of the dolines thatciwsest to, and largely within the curtilagetb& quarry

are in an area where the Dowlais Limestone is shasvaropping out on the BGS 1:50k Sheet 232. It was
not possible to confirm this on the ground but sarhéhese dolines appear to be only a few metres in
diameter and depth which would be consistent witolation doline on limestone rather than a caprock
doline. However, Thomas (1974) shows a narrow zbat lies between what he terms “Basal Grit” and
“Carboniferous Limestone Series” to be occupied“Ggllapsed and Soliflucted Grit on Carboniferous
Limestone”. He shows the same zone as extendirtgwards along the western boundary of the Basdl Gri
and then eastwards along the northern boundaryeoBaisal Grit. The northern and western boundafies
the pSSSI have been drawn so as to include theritgajd this zone (see discussion in paragraphs&3.8
3.9). Using the same logic the pSSSI boundary bas brawn closer to the quarry than the indicaB@R
boundary which appears to have been drawn primarilghe basis of the mapped boundary between the
limestone and basal grit. Hence, the western etifee@SSSI (and part of the “preferred area ofcteéor
mineral extraction”) may include some areas of §toae outcrop and some solution dolines but these a
surrounded by areas of collapsed and solifluctédtigat are clearly GCR/SSSI interest featuressTiia
very complex area that requires further researchtlais in itself provides further support of itsliasion in

the pSSSI. To the east of this zone the “prefeam of search for mineral extraction” is underlayn
Millstone Grit strata with many caprock dolinestthee fundamental interstratal karst interest fieestu

4.4 Although it is outside the scope of this regioshould be noted that, with the exception ofreals strip
close to the rim of the present quarry, the limestm the preferred area of search is overlain liistdne
Grit and superficial deposits. The exact thickrieasmknown but Figure 30 shows the doline at WR8Ew
metres from the quarry boundary, which is aboutdsap and Figure 31 shows the doline at Waypoint 83
which is about 3m deep. To the north and east thereeven deeper dolines (for example, the doline a
Waypoints 76 and 77 is over 10m deep) so it isrdlegt before any limestone could be quarried ftbs
area a substantial thickness of Millstone Grit widudve to be removed. If a figure of 2.5tismiassumed for
the density then for each one hundred square rasteeof surface that is cleared of overburden ar@&00
tonnes of material will be generated. It is assunied this will be waste that would have to be ¢igppAt
least some of the Millstone Grit is likely to beant and coherent and hence may require blastiog far
removal. Moreover, there are also extensive arédsumdered gritstone boulders such as those betwee
Waypoints 85 and 86 (Figure 32). It is assumedtthiatwould also be waste that would have to beokera
prior to quarrying of limestone.
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Figure 29 :
Aerial photograph of the preferred area of search lsowing the many caprock dolines.
The yellow line is the indicative GCR boundary, theed line is the proposed GCR/SSSI boundary
and numbered triangles are GPS surveyed Waypoints
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Figure 31 : Doline at Waypoint 83
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Figure 32 : Extensive area of foundered gritstonextending between Waypoints 85 and 86
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5. SUGGESTED REVISED GCR STATEMENT OF INTEREST

5.1 Having re-evaluated the site features the\iolig revised statement of interest is proposed:

Mynydd Llangynidr GCR Site Statement of Interest (DRAFT)

The northern edge of the South Wales Coalfield ides/ the best British example of an interstratabsiga
extending from Black Mountain in the west to theihge in the east. Within this area Mynydd Llaridr
is exceptional for the morphological variety anchslgy of caprock dolines whilst also containing Ikia
subsidence depressions and foundered rock massasyofg topographical form.

The site covers the summit area and upper dipslopédynydd Llangynidr, where the solid outcrop
dominantly the Twrch Sandstone Formation, locdflg base of the Marros Group of Namurian age
informally referred to as the ‘Millstone Grit'. ThEBwrch Sandstone Formation is underlain by the e
Limestone Formation, locally the top of the Pemlerdimestone Group (informally referred to as
‘Carboniferous Limestone’) but there is an uncomfity that covers several million years betweentthe
formations. To the north of the site the Carbowifer Limestone forms an escarpment that overloak&Jdk
Valley.

The site includes a densely packed doline field thearly demonstrates how subsurface interstiatedt
solution can induce collapse, pitting and foundgrin the overlying non-carbonate outcrop. Althou
broadly classified as caprock dolines there is mayaof depression morphologies ranging from shall
sided forms that commonly contain permanent or eynal water bodies through to deep, steep-s
depressions. Some of the caprock dolines appehave captured small surface streams and functio
sinks and there are also unusual dolines develepédely in grit boulder fields. In addition to $ace
landforms, Ogof Cynnes, Chartist Cave and CresCant are of particular importance as they allow
interface between the grit and the limestone twibeed in greater detail from underground, and e
further insights into the development of intergtdiarst. Blaen Onneu Quarry Caves No 1 and No2ige
a contrast to these caves as they are developedlightly lower horizon but appear to have conioestto
the grit. Hence they are also part of the intetatiarst interest.

Mynydd Llangynidr is of international importancedaprovides tremendous potential for future researth
caprock doline morphology and interstratal karstedtgoment.
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6. CONCLUSIONS

6.1 The Millstone Grit country fringing the uptutharorthern edge of the South Wales coalfield is
undoubtedly the outstanding British example ofragarstratal karst. and within this area Mynydd Igsamdr
has the most spectacular assemblage of collapsesdbgether with other features of interest. Ad pf
the present study three leading international kexgerts who have particular knowledge of dolinestea
were contacted and asked whether they were awaequdlly good examples of caprock dolines and
interstratal karst: Dr Alexander Klimchouk (Ukrajn®r Art Palmer (USA) and Professor Paul Williams
(New Zealand). Their collective experience, and tdfaProfessor John Gunn, extends to over 60 cmtr
and all of the world’s major karst regions. Witlspect to Mynydd Llangynidr they all concur thatrthés
“no better site with such fine expression of collapses in competent limestone under a strongly cemented
caprock” (Williams, 2012, pers. comm.). In short, thisassite that is not just the best of its kind in &re
Britain, it is of global importance.

6.2 A revised GCR statement of interest and boyndleave been proposed. The revised boundary
encompasses the interstratal karst interest surfeatures (caprock dolines, subsidence depressions,
foundered basal grit) and five caves that are malelg the interstratal interest. It is recommendeat the
GCR site should be protected as a SSSI. It is deresil essential that the entire doline field isuided since
one of the aspects that makes the site speci@lei;mtimber, variety and density of caprock dolines.
discussed in paragraphs 3.8 and 3.9, there are amas within the boundary where limestone cropsod
these are clearly not part of the interstratal tkkafowever, these limestone outcrops are surrourmed
complex areas described by Thomas as containinjapsed and soliflucted Grit on Carboniferous
Limestone” and these form an integral part of titeristratal karst interest. Although time has revnptted
examination of the ground, evidence from aerialtpi@phs and from Thomas (1974) suggests that ofiost
the dolines outside the pSSSI are solution dolareBmestone bedrock and not part of the interakiedrst.
There are also a small number of probably caprotikes that are several hundred metres outsidp3IESI
boundary but in the absence of any interstratadtkaterest features in the intervening area it fettsthat
extension of the boundary to include these isoldgadures could not be justified. In contrast, Hrea
identified in this report as being within the recoended pSSSI boundary is of special interest draf tie
interstratal karst features within the boundaryli(ds, shallow subsidence depressions and foundectd
masses together with the five caves) should beepred.

6.3 The proposed SSSI encompasses land being eosdifbr inclusion as a “preferred area of seaoch f
mineral extraction” in the draft Blaenau Gwent LDiHs recommended that this proposal should beospg
as the area contains over 70 caprock dolines arah i;itegral part of the pSSSI. Moreover, with the
exception of a small strip close to the rim of gresent quarry, the limestone is overlain by Miltst Grit
and superficial deposits. The exact thickness lawn but on the basis of dolines close to the gies
guarry it is estimated to be at least 3m, risingpter 10m deep further north and east. This imghes a
large amount of material would have to be removetitioped before the limestone could be extracted.
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