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1.0 INTRODUCTION 

 

G F Grigg Ltd (GFG) proposes to stabilise part of their dis used quarry at Penstrowed near 

Newtown by partial backfilling with site won materials. 

 

The quarry is classed as a Site of Special Scientific Interest (SSSI) and Planning Permission 

will be required for the proposed work. In addition, the Countryside Council for Wales 

(CCW) will be statutory consultees for any such application.  

 

At present GFG allow geological field trips onto their site to inspect the geological formation 

and it is considered essential as part of the SSSI classification that access to these formations 

is maintained. 

 

The geology of the site comprises the Penstrowed Grits, which are Silurian in age and are the 

youngest and most easterly sandstones deposited in the southern and central parts of the 

Welsh Basin. Most of this section comprises beds of sandstone reaching several metres in 

thickness, interlayered with thinner bedded siltstone and mudstone. The quarry is particularly 

well known for its Flute casts, see photograph 1 below. 

 

To enable the quarry to be stabilised and allow continued access for field studies a way of 

undertaking the backfilling of the quarry needs to be agreed with all relevant parties.  The 

quarry will be backfilled by using material processed on site under the current license and 

permit held by G F Grigg.  This allows the treatment of waste to produce soil and aggregates. 

 

Consequently, GFG have appointed GroundSolve Ltd (GSL) a firm of Chartered Engineering 

Geologists and Geotechnical Engineers to carry out a stability analysis of the quarry face and 

present ways of stabilising the cliffs by backfilling the quarry, but also allowing continued 

access.  

 

 The other parties concerned are as follows: 

 

• David Ladd, Planning Consultant appointed by Shearer and Morris on behalf of GFG, 

• Claire Walters Environmental consultant.  

 

A meeting was held on the 27
th

 January 2012 to discuss draft proposals. Those present were, 

as follows: 

• Gareth Owen (CCW), 

• Mike Green (CCW), 

• Claire Walters (Ceri Environmental), 

• Graham Grigg and Phil Davies (GFG), 

• Mike Woosnam (Shearer and Morris),  

• Mike Scott (GSL). 
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Following this meeting CCW provided a Site Management Report for the quarry, Reference 

1, which was produced in 1994, and which is attached in Appendix A. 

 

Preliminary design drawings were then produced, which presented a way of achieving the 

brief. Subsequent to submission of the drawing and accompanying report further comments 

were received from CCW and another site meeting held on the 15
th

 August 2012 with Dr Bob 

Mathews the author of the 1994 report and Mike Green, both of CCW. 

 

The design drawings have been updated to incorporate the comments from CCW, which are 

presented in this report, which also presents a review of all existing information and surveys 

of the quarry. In addition, risk assessments, specifications and methods of working are 

presented.  

 

This report has been produced in support of the planning application for the proposed 

scheme.  

 

 
Photograph 1: Flute Casts 
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2.0 THE SITE 

 

2.1 Site Location and Quarry Description  

 

The quarry is located some 4km west of Newtown in the hills to the south of the A489T at 

National Grid Reference SJ 068 910, see Figure 1. 

 

The site comprises a dis used quarry cut into the north eastern flank of a hill known as 

Maesmawr. It is split into two levels, representing former quarry benches; see Drawing CG 

01 and Photograph 2.  

 

The top quarry face is at an elevation of around 239mOD, falling to an elevation of 212mOD, 

some 27m high. A wide bench separates the upper and lower benches and the lower bench 

extends to an elevation of 195mOD, a height of some 17m. The quarry faces at present range 

from near vertical/vertical rock faces to faces with aggregate stored against the face. 

 

The quarry faces trend in a south east to north west direction and the boundary of the SSSI is 

shown on photograph 2 in red. 

 

 Photograph 2: Aerial photograph of the site 

SSSI 

Boundary 

Upper quarry face 

Lower quarry face 
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2.2 Geology  

 

The site lies within the, “Welsh Basin”, a marine depression surrounded by land, which was 

largely infilled during Lower Paleozoic times. It was filled with fine to coarse grained 

sediments from surrounding land masses, which comprise rhythmic alterations of mudstones 

(fine grained) and greywacke (coarse grained sandstone) of the Penstrowed Grits, which are 

Silurian in age. 

 

These rocks outcrop in an extensive north to south trending belt running east of Newtown. 

They represent a classic turbidite sequence, which was deposited from sediment laden density 

currents (turbidity currents), which flowed north into deeper parts of the basin. These 

produced graded bedding shown by upward fining in grain size, along with an abundance of 

sedimentary structures, such as flute casts, seen on the underside of some coarse grained units 

in the Penstrowed Grits, confirming the high energy depositional environment. 

 

The Penstrowed Grits in the quarry consist of a rhythmic alternating sequence of cream 

coloured greywacke sandstones, and dark grey siltstones and shaley mudstones, see 

Photograph 3. 

 

              

Photograph 3: Alternating sequence, lower quarry face 
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However, the reason the site was originally notified lies in the wide range of sedimentary 

structures found in the rocks on site, these include; 

 

• Graded bedding, where coarse grained basal units pass up into a fine grained 

laminated sandstone, 

• The base of many of the sandstone beds are characterised by abundant sole structures, 

including flute casts and tool marks, 

• Ripple marks on the top of sandstone beds. 

 

The flute casts are formed when hollows were eroded into the top of the underlying bed and 

later infilled with coarser sediment. The tool marks appear as linear grooves and were 

produced by an object (tool) such as a pebble being dragged along the sea floor. 

 

Turbidity currents transfer large quantities of sediment from shallow to deep marine 

environmental at high speed, with the coarser fragments settling out of suspension first 

followed by the finer grained silty material. The fine grained shaley mudstones overlying the 

sandstones representing the background sedimentation in the deep water immediately 

preceding the arrival of the next turbidity current. 

 

2.3 Hydrogeology and Hydrology 

Due to the general topography, i.e. sloping steeply to the north east and the presence of 

sandstone bedrock the groundwater is anticipated to be at significant depth beneath the site, 

with any groundwater flows being in the same direction as the slope towards the valley floor, 

which contains the River Severn. 

The only other watercourse in the vicinity of the site is a small stream, which is to the north 

of the site offices and which flows in a south west to north east direction down slope towards 

the River Severn.   

 

2.4 Structural Geology  

 

Following deposition of the Penstrowed Grits they were deformed at the end of the 

Silurian/beginning of the Devonian by the Caledonian Orogeny (period of mountain 

building). 

 

This deformation being characterised by a single set of folds on upright, mainly NE to SW 

trending, axial planes, which are accompanied by a cleavage. 

 

The quarry itself is located close to the core of the Central Wales Syncline (bowl shaped 

feature) and on the north western limb of a smaller scale anticline (dome shaped structure). 
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Due to these historic earth movements the alternating beds dip steeply to the north west at 

angles of up to 60º, reflecting their position on the north west limb of a tight anticlinal fold. 

 

The fine grained mudstones are cut by a finely spaced cleavage, which is orientated sub 

parallel to the bedding. The succession is also transected by several north to south striking 

faults which have a downthrow on the eastern side. 

 

Some sandstone beds are cut at high angles by well defined system of joints, which are 

infilled, either by quartz or by iron rich dolomite. 

 

2.5 History  

 

Reference 1 records that prior to 1946 the quarry was owned and worked by the Local 

Council, which exploited the hard sandstone layers for use as building and road stone. 

 

The quarry was connected by a short rail link to the main Shrewsbury-Aberystwyth railway 

some 600m to the north east of the site. However, this link was closed in 1937. 

 

The previous owners purchased the site in 1946 and continued to work the quarry until 1984 

approximately, when it was abandoned. 

 

GFG purchased the quarry in March 2001 and it is currently used for the processing and 

storage of aggregates. 
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3.0 CONSERVATION PRINCIPLES  

 

3.1 CCW Report  

 

According to Reference 1, the main objective at Penstrowed quarry is to maintain the 

integrity of, and access to the rock faces particularly those which are located on the upper 

level, since it is in this area that the best examples of sedimentary structures can be found, see 

Photograph 4. 

 

 
Photograph 4: sedimentary structures exposed on upper face 

 

This exposure represents a combination of the clear rhythmic alterations, sedimentary 

deposition and the well developed sole markings. 

 

At the time of the inspection in 1994 the quarry still had planning permission to continue 

quarrying operations and CCW were keen to ensure that worked faces were left in a 

condition, which would allow continued access by geologists to the rhythmic sequence of 

sediments and sedimentary structures. (This is no longer the case and the quarry does not 

have planning permission to continue quarrying).  

 

Reference 1 also identified the following potential threats to the concealment of the rock 

faces at Penstrowed quarry. 
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The process of natural degradation, which is ongoing, could lead to the concealment of some 

rock faces at Penstrowed quarry, particularly those on the upper level. At the time of 

inspection by CCW the friable nature of the turbidite sequence had resulted in the 

accumulation of a considerable quantity of debris at the base of the cliff, see Appendix A. 

 

It also noted that rock falls in this area are a major hazard when approaching the cliff faces. 

 

The report also considered the possibility of the quarry being used for, “other purposes”, 

which could lead to the grading or battering back of the cliff face to improve stability. An 

activity, which could severely damage or result in the loss of the geological interest at the 

site. 

 

It was concluded that should quarrying recommence then a similar face providing an 

accessible cross section through the turbidite sequence could be left. Liaison with the quarry 

operator was recommended to ensure any remaining faces would be left in a safe condition 

and not covered by quarry waste materials. 

 

3.2 Other Correspondence  

 

Correspondence with interested parties has been supplied and these are summarised below 

with the issues that need to be addressed.  

 

 Letter from CCW to David Ladd, dated 4
th

 August 2011. 

 Reply from CCW regarding enquiry about infilling quarry. 

  

Such activity falls under two Potentially Damaging Operations (PDO) listed for this SSSI, as 

follows: 

• PDO 7, Dumping, spreading or discharge of any materials, 

• PDO 15 infilling of pits. 

 

Under Section 28E (3) of the Wildlife and Countryside Act 1981, consent is needed from 

CCW for all activities listed as PDO’s for this SSSI. 

 

CCW would not object in principle to the proposed works. Indeed, consent may be given for 

the works provided that they could be demonstrated to have no adverse impact on the 

important features of the SSSI. CCW welcomes comments that the sedimentary structure, 

which is special feature of the SSSI, would be left exposed and the proposed works would be 

designed to improve access for researchers and students. 

 

CCW’s response would therefore be dependent on the details of the proposed scheme and as 

much information as possible should be provided. This information should include, 
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• A series of plans and cross sections detailing the proposed area and thickness of the 

fill and its interaction with the areas of exposed rock strata, 

• If it is proposed to bury any rock exposures this would need to be supported by 

detailed geological appraisal as to the value of the lost exposure and the potential for 

creation of replacement exposures elsewhere,  

• It would also be useful if a method statement was provided detailing the infilling 

works, including provision or the continued protection of the geological features as 

works progresses. 

 

CCW may also require an assessment of the potential impact on other natural heritage 

interests such as landscape and European Protected Species. 

 

E-mail from Tom Evans (Flintshire CC-on behalf of North Wales Minerals and Waste 

Planning Officer) to David Ladd, Dated 31
st
 August 2011. 

 

The following should be supplied as part of your submission: 

• Full planning application forms, 

• A proposed plan showing finished levels, 

• A topographic survey, 

• Cross sections of the quarry to show existing levels and proposed levels, 

• A working plan, 

• Landscaping scheme,  

• Ecological survey,  

• Highway suitability survey, 

• If required an EIA. 

 

However, it may turn out that not all of the above will be required. 

 

The issued considered potentially problematic were: 

• Highways, 

• Visual impact, 

• Possible impact on species. 

 

E-mail from Tom Evans (Flintshire CC-on behalf of North Wales Minerals and Waste 

Planning Officer) to David Ladd, Dated 21
st
 September 2011. 

 

In terms of the requirement for an EIA, this is dependent on whether the input of waste would 

exceed 50,000 tons per annum, whether the site exceeds 0.5 of a hectare and whether the site 

is situated within 100m of any controlled waters. 

 

E-mail from Tom Evans (Flintshire CC-on behalf of North Wales Minerals and Waste 

Planning Officer) to David Ladd, Dated 7
th

 October 2011. 
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In terms of dust generation and mitigation, I accept that the landscaping aspect of the 

proposal is unlikely to cause problems, especially if conducted in damp conditions. The use 

of plant for the recycling of inerts is more likely to generate dust, especially if operated in dry 

conditions.  

 

While there are no residents nearby, for the benefit of the workforce and in order to prevent a 

visual impact, it would be wise to include some form of basic dust suppression scheme, such 

as the use of a bowser to dampen material and stockpiles to prevent visual dust from leaving 

the site. 

 

I do not expect that noise generated would be significantly more that that which is currently 

being produced on site by way of its day to day workings. 

 

In relation to surface water drainage, I would suggest a basic drainage scheme incorporating 

bunds and gullies at the upper part of the site in order to prevent the direct flow of surface 

water down to the lower areas. The diversion of surface water to a small alleviation pond may 

be appropriate to contain large amounts of surface water, which may be generated by severe 

weather conditions.  

 

From the information you have provided so far, I do not think an EIA will be required, 

however, if you want formal confirmation it would be necessary to provide a formal 

screening request with exact details. 

 

An indication of proposed landscaping, restoration and planting would be required 
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4.0 EXISTING QUARRY FACE STABILITY  

 

4.1 General  

 

Reference 1 has already highlighted the dangerous nature of the rock faces for close 

inspection at the base of the cliffs. This is also shown by damage to one of the existing 

buildings on site; see Photograph 5, which also has a small fallen block nearby. 

 

 
Photograph 5: Damage to existing building from rock fall 

 

At present the quarry owners allow unrestricted access to the exposures on site, which as 

detailed above have been recorded as dangerous by CCW. While the onus is on the visiting 

parties to provide suitable insurance, a grey area exists in law as to whether the quarry owner 

could be held liable for allowing access to land that is dangerous should an incident occur. As 

far as we are aware the quarry owner does not ask to see the wording of the visiting parties 

insurance. This therefore leads to a risk for both parties, which at present is considered to be 

significant and should be reduced.  

 

It is therefore important to understand the potential for further failures, in terms of their size, 

location and frequency.  
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4.2 Rock Face Stability  

 

When considering the rock face stability, two issues need to be considered, as follows: 

• Potential for large scale failures, 

• Possibility of small to medium sized rocks falling from the quarry face. 

 

The overall quarry face stability is determined by the orientation of the major discontinuities 

in the rock mass, i.e. the bedding, jointing and any major faults.  

 

To understand the stability of the rock face and the likelihood of further instability, which 

may affect the site, it is important to understand the varying types of failure mechanism in 

rock. 

 

There are several recognised mechanisms for rock slope instability to occur, which are 

generally based on the orientation and spacing of the discontinuities within the rock mass.  

 

General failure mechanisms are listed and explained below. 

• Planar failure, 

• Wedge failure,  

• Circular failure, 

• Toppling failure,  

• Raveling and weathering. 

 

The main failure mechanisms are presented in diagrammatic form in Appendix B. 

 

Planar Failure 

For planar failure to occur the following conditions must be satisfied: 

• The plane on which the sliding occurs must strike parallel or nearly parallel (within 

approximately ±20º) to the slope face, 

• The sliding plane must “daylight” in the slope face, which means that the dip of the 

plane must be less than the dip of the slope face, 

• The dip of the sliding plane must be greater than the angle of friction of this plane, 

• The upper end of the sliding surface either intersects the upper slope, or terminates in 

a tension crack, 

• Release surfaces that provide negligible resistance to sliding must be present in the 

rock mass to define the lateral boundaries of the slide. 

 

Wedge Failure 

This occurs when discontinuities striking obliquely to the slope face allow a wedge of rock to 

fail along the intersection of two such planes. 
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Circular Failure 

Circular failure relates to closely fractured/weathered slopes that fail in a similar manner to 

soil slopes. 

 

Toppling Failure 

Several types of toppling failure have been identified and these are listed below: 

 

Block Failure, where individual columns are formed by discontinuities dipping steeply into 

the face, with a second set of widely spaced orthogonal joints defining the column height. 

The columns are forced to topple by weight pressing behind from other columns and 

weathering action. 

 

Flexural Toppling, where continuous columns of rock, separated by well developed, steeply 

dipping discontinuities, break in flexure as they bend forward. This type of failure is typical 

in thinly bedded shale’s and slate in which the orthogonal jointing is not well developed. 

 

Secondary Toppling, whereby erosion of a weaker band allows the stronger upper band to be 

undercut and fail. 

 

 Raveling and Weathering 

These are slow time dependent processes largely controlled by continued freeze thaw activity 

on the slope, which may cause loosening of small blocks that may fall with time. These 

activities can also be exasperated by root action if vegetation is present on the face. 

 

4.3 Discussion on Failure Mechanisms  

 

Both the upper and lower quarry faces discontinuities have been mapped by a chartered 

engineering geologist from GSL. The readings are summarised in the table below. 

 

Face Bedding Joints Comments 

Upper 45º to 338º   

  75º to 196º Impersistent 

 60º to 316   

  60º to 058º Joint in sandstone 

Face  Trends  135º to 315º    

  76º to 072º Joint in sandstone 

Lower    

  Vertical Strike 150º Joint in sandstone 

 58º to 320º   

  Vertical strike 155º Joint in sandstone 

 

As can be seen from the above data the faces are largely defined by the joint set in the 

sandstone bands, with the dip of the beds at right angles to the face. The joints were only 
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observed to be only in the sandstone bands and were not persistent across the varying 

horizons. 

 

A bedding shear zone was observed on the upper face, which comprised a thin layer of quartz 

veining with striations underlain by around 5mm of soft, grey clay. This would have formed 

during the movement of the rocks over each other during the orogeny and represent a very 

weak zone within the rock mass. 

 

In addition, the cleavage was observed to be very well developed in the mudstone bands, see 

Photograph 6. 

 

  
Photograph 6: Well developed cleavage in the mudstone 

 

A large fault was also observed in the quarry face on the lower section which trends in a 

south west to north east direction, see Photograph 7. 
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Photograph 7: Fault in quarry face showing change in geology across the fault 

 

The main discontinuity affecting face stability is the bedding, which was observed to be 

steeply dipping in a north westerly direction, i.e. directly along the orientation of the quarry 

faces. Consequently, planar failure along the bedding planes is not possible.  

 

The only joint set observed was confined to the sandstone layers and was not persistent 

across any of the mudstone horizons. Consequently, no obvious joint sets were observed, 

which could lead to large scale wedge failures. In fact, this joint set has largely defined the 

orientation of both rock faces and has lead to a fairly stable configuration from the 

discontinuities.  

 

The main risk of failures were related to the potential for small to medium sized blocks of 

rock to fall from the slope and several examples of this mechanism can be observed on site, 

especially where one of the buildings has been slightly damaged by falling rocks.  

 

Blocks are loosened by several mechanisms and these are discussed below. 

 

During quarrying the rock would have been quarried by blasting with explosives, which in 

itself can cause significant blast damages to faces left behind, caused by gasses from the blast 

being forced into existing discontinuities and causing them to open up. These will then 

weather with time leading to failures. 

Fault 
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In addition, the act of removing large volumes of rock can lead to stress relief, whereby 

discontinuities open as the load applied on the rock is removed.   

 

Both the above mechanisms then lend themselves to active weathering of the face by such 

mechanisms as freeze thaw, whereby water flows into the open discontinuities, freezes and 

then forces the cracks open further. 

 

Finally vegetation growth with roots forcing themselves into discontinuities can dislodge 

large blocks.  

 

Once the potential for rocks to fall has been identified, it becomes important to determine 

how far they can fall and the gradient of the rock face. The survey has shown that rocks 

falling from the top of the quarry faces have the potential to generate large momentum due to 

the heights involved. In addition, any slight gradient of the rock face will lead to falling rocks 

bouncing off the face and potentially travelling some distance from the face. 

 

4.4 Risk Assessment  

 

From the above discussion it can be concluded that the risk of large scale failures is very low, 

however, as with any rock face small to medium size blocks will always fall sporadically. 

This leads to the general degradation of the faces mentioned in Reference 1 (Appendix A).  

 

This is not a problem for operational quarries, or for companies such as GFG who work 

within quarries, and can protect their work force.   

 

However, as soon as other people are allowed onto site and in particular are intent on 

standing at the base of a high rock face a risk to these people is presented. While this can be 

negated by visitors carrying relevant insurance, it does not necessarily protect GFG from 

spurious claims by people injured by falling rock while on site. It is also considered prudent 

in any circumstances to provide as safe as possible environment for students to take 

advantage of the rock outcrops. 

 

There are several options to address this risk and these are discussed below: 

 

The most cost effective way of reducing the risk would be to carry out regular scaling of 

loose rocks from the face. However, the faces are high and this would involve bring specialist 

plant to site at GFG expense.  However this would be a unacceptable cost to protect site users 

not employed by GFG. 

 

The base of the quarry could be fenced off to prevent access, although this also incurs 

expense for GFG and also restricts use of the existing working floor space. However, this 

also limits the accessibility for geological inspections.  
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Slope stabilization measures such as rock netting and bolting could be installed on the face, 

although this would have considerable expense and would also detract from the geological 

features. 

 

The most appropriate way of addressing both issues would be by constructing the proposed 

works, as follows: 

 

Backfill quarry face with inert material and leave the top 6m of face exposed for inspection, 

on the upper quarry face to comply with CCW’s requirements. During the works the exposed 

quarry should be scaled to remove all of the loose rock and the faces battered back slightly to 

a more stable gradient. The area of face left exposed being those selected areas agreed with 

CCW, which are presented on the Drawing CG 01 – Rev B. Should any further locations of 

interest be found during the works, such as on removal of stockpiles then the landform can be 

adjusted to accommodate these structures. 

 

It is also proposed to backfill the lower quarry face, however, several features have been 

identified by CCW and the proposed landform has been adjusted according, so that they 

remain open for inspection, see Drawing CG 01 Rev B. Again the rock faces should be scaled 

during the works to remove existing loose blocks. 

 

Access tracks could also be created to the top for maintenance plant and geology students, see 

Drawing CG 01 –Rev B. In addition, the most valuable outcrops could be left at ground level 

with easy access. Detailed construction details are presented in section 5.  

 

4.5 Other Issues  

 

Should the quarry face be backfilled the drainage of the site will need to be considered, 

mainly to prevent surface run off containing silt flowing downslope and having any 

detrimental environmental impact. 

 

At present the site is subjected to significant rainfall run off from the hillside above and 

rainfall falling on the site itself. At present there is no active drainage to cater for these flows. 

Therefore development of the site during backfilling would be able to address this issue. 
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5.0 PROPOSED WORKS  

 

5.1 Site Preparation and Drainage  

 

The proposed development areas are currently covered with aggregate stockpiles, which will 

need to be moved.  

 

The formation will then need to be prepared prior to the commencement of tipping. This will 

involve ensuring the quarry has a back fall of around 1 in 100 towards the quarry face to 

ensure drainage away from the edge of the quarry. This can best be achieved by using a fine 

quarry dust to provide a level formation of low permeability. 

 

The drainage for water percolating through the deposited material will then flow in a south 

easterly direction towards the quarry faces.   

 

A granular drainage blanket should be constructed at the base of the proposed infilling. This 

should comprise a 300mm thick layer of single size stone (40mm), which can be 

processed/obtained from materials already on site. The drainage blanket should then be 

covered with a geotextile separator before placing the inert material. 

 

At the base of the quarry face a trench/soakaway should be constructed in the sandstone 

bedrock, which should be some 1m deep and some 600mm wide. It will be necessary to 

excavate this trench using hydraulic/pneumatic excavators. This trench should also be 

backfilled with single size stone.  

 

A granular drain should also be provided adjacent to the quarry face to intercept surface run 

off from above and also divert rainfall back into the drains. 

 

The above drainage design should ensure that all water falling/flowing onto the deposited 

material is captured and taken to soakaway. 

 

5.2 Slope Stability  

 

In addition, the stability of the deposited material will have to be considered, for such items 

as: 

 

• Side slope stability, 

• Drainage, 

• Stability of any rock slopes below the deposited material. 

 

The above drainage measures should ensure that water does not build up in the deposited 

material that could lead to the potential for slope instability of the placed material. 
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During placing of the materials it is recommended that they be lightly compacted using the 

tracked machines used for placing the fill material. Side slopes for the inert material shall not 

exceed 1 in 2 (26.5º) to ensure side slope stability.  

 

5.3 Proposed Work 

Upper Rock face – Phase I 

It is proposed to backfill this section first to enable the existing facility in the lower quarry to 

continue in operation for the foreseeable future.  

CCW have requested that the top 6m of the upper face be left exposed, along with the 

outcrops at ground level at the southern end of the quarry. In addition, CCW have requested 

that an area where graptolite fossils have been found is left exposed, see Photograph 8. 

This will involve backfilling against the face shown below to approximately half way up the 

slope to an elevation of around 120mOD. A 3m wide access track will then be constructed at 

the base of the slope to comply with CCW requirements for inspections and to also enable 

plant access. The southern end of the deposited material will be battered back to ground level 

to secure access to the ground level outcrops, see Drawing CG 01 – Rev B. 

Behind the access path a slope at a gradient of 1 on 2 (26.5°) will be constructed to the main 

level plateau of 224mOD. This will allow the quarry face to be largely hidden once the site 

has been landscaped. To the north east of the level plateau a 1 on 2 slope will fall towards the 

top of the lower quarry face. 

At the base of the slope the 3m wide access track will be constructed with an earth berm 

constructed between the access track and the top of the quarry face. This earth bund will be 

some 3m wide and around 1m high and will act as a safety barrier for plant and personal 

visiting the quarry. It has also been agreed with CCW that all of the boulders on site in the 

lower quarry containing features of interest would be placed on this berm to allow students 

safe access to feel the structures, removing the need for climbing on the quarry faces. 

To help ensure long term stability of the exposed rock face and reduce the risk during 

inspections it is recommended that the face be battered back to a gradient of around 75 to 80º 

and the face scaled of any loose blocks. This can be carried out by scraping the teeth of the 

excavator bucket across the face.   
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Photograph 8: Upper quarry face 

Lower Quarry Face – Phase II 

Recent removal of a stockpile against the quarry face has revealed a feature of interest that 

CCW want to keep open for inspection, see Photograph 9 below, with its location shown in 

Photograph 10. 

It is estimated that this feature is at an elevation of around 195mOD and this should 

determine the plateau level. It is also required to keep several in situ features available for 

inspection on the southern corner of the Phase II works. Consequently, access will be formed 

by lowering the levels locally to these structures. The level of filling in this area is indicated 

in Photograph 10. A 3m wide access track will be constructed to allow access to both sets of 

structures.   

 

Outcrop at ground level 

Area of fossil interest 
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Photograph 9: Showing feature of interest. 

         
        Photograph 10: Showing location of structure 

Location of structure 

in photograph 9 

Feature of interest 

Level of filling 
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The northern face of the lower quarry, which has the fault is considered to be the most 

unstable on site and CCW have no objections to this face being completely backfilled, see 

Photograph 11. 

 

Photograph 11 Lower quarry face 

The approximate line of filling is shown below on photograph 12. 

The constructed plateau will then extend in a north east direction where a 1 on 2 slope will be 

formed to tie it into the existing quarry slopes, see Drawing CG 01 – Rev B.  

Northern face 
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Photograph 13: Showing line of filling 

 

5.4 Quantities  

 

It has been calculated that the upper quarry will contain 43,564m³ of deposited material, with 

the lower quarry containing 23,228m³. 

 

Based on a unit weight of around 1.8 T/m³, this would give a total tonnage of 120,225 tons. 

 

5.5 Slope Landscaping and Reinstatement  

 

On completion of the work the side slopes can either be topsoiled and planted. Alternatively 

they can be hydroseeded with a suitable mix that is similar to the land either side of the 

quarry. 

 

Once the work has been landscaped it will reduce the visual impact of the quarry from the 

lower valley floor. 

 

The actual landscaping proposals will have to be submitted and agreed with the Planning 

Authority. 

 

 

Proposed line of filling 

Feature 
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5.6 Risk Assessment  

 

 The main risk during the works will be as follows: 

 

• Rock falls when machinery/men are working below the rock face, 

• Working close to the top of lower rock face.  

 

The first issue can be addressed by scaling of the rock faces as the work progresses and 

especially before any man access is required. In addition, any machinery working at the base 

of the rock face should be fitted with suitable protection bars to the cabs to protect from rock 

fall. 

 

The second issue is easily catered for by providing a 1m high and 3m wide earth bund at the 

top of the lower face; see Drawing CG 01 – Rev B. This could be further supplemented by 

adding some of the numerous boulders on site that contain the sedimentary structures of 

interest. 

 

5.7 Brief Requirements  

 

The above work will have the affect of stabilising the face, so it can be inspected in a safer 

manner. However, there will still be a risk to site visitors. To protect GF Grigg from any 

liability it is recommended that visitors should sign a suitably worded disclaimer before being 

allowed on site. 

 

To achieve easy inspection it is recommended that an access ramp be constructed up the side 

of the deposited material to allow access for students. It is recommended that this access 

ramp at the top of the deposited material be at least 3m wide. This will then allow access for 

machinery at a later date should any maintenance be required on the exposed rock face. 

 

It is also recommended that the outcrops mentioned above be left clear for inspection with an 

access road left at the base of the slope on the upper face extending round to the outcrop; see 

Drawing CG01 – Rev B.  

 

The outcrops to be left open for inspection are presented in Photographs 14 to 17, with 

examples of some of the sedimentary structures visible. 
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Photograph 14: Location of outcrops on upper face to be left exposed 

 
Photograph 15: Tool marks  
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Photograph 16: Surface ripple marks 

 
Photograph 17: Outcrops to be left exposed on Lower face 
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 5.8  Conclusions 

 From the above information it can be concluded that the work: 

• Will improve the visual appearance of the quarry, 

• Will make inspections of the sedimentary structures significantly safer, 

• Will cater for any surface drainage, 

• Will not have an affect on controlled waters. 
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SUMMARY SHEET

GCR No:

GCR Site Name:

GCR Block:

Associated SSSI :

Issued by GCR:

M 2

PENSTROWED

Wenlock

Penstrowed Quarry

01.11.81

Notified/re−notified: 01.04.86

GCR File No:

PSP Date:

W/PS 12

06 04 83

Site Nature: ED − Disused quarries, pits and cuttings

County :

Distr ict:

Maps :

Grid Reference:

Keywords :

Original GCR worker:

GCR Volume :

Owner ship :

Powy s

Montgomer y

1: 10 000

1: 50, 000
SO 09
136

SO 068910

SILURIAN, WENLOCK, TURBIDITES, BOUMA
SEQUENCE, SOLE STRUCTURES, GRADED BEDDING,
RIPPLE MARKS

Dr K. Dorning, University of Sheffield

Silur ian

Conber Properties
Station Yard
Abermule
Newtown
Powys
SYl5 6NL

Monitoring date: 13.04.92

Required monitoring frequency: Every two years

Other local GCR interests: GWERN−Y−BRAIN DINGLE (GCR 1076;
Caradoc−Ashgill); MEIFOD (GCR 1771;
Llandovery); BUTTINGTON BRICKWORKS (GCR
1772; Llandovery); BUTTINGTON BRICKWORKS
(GCR 955; Wenlock)
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GCR STATEMENT OF INTEREST

A sequence is here exposed in the basinal turbidite facies of the
Wenlock Denhigh Grits (Sheinwoodian in age). The site is
outstanding for the sedimentary structures it displays,
particularly bottom structures such as flute and load casts,
groove, prod and skip marks etc. Excellent examples of the Bouma
sequence of turbidity current structures may be seen. The section
here contrasts with the shallow marine, shelf carbonates and
shales of the Welsh Borderland to the east. This superb example
of deepwater, graptolitic sediments is essential to our
understanding of the palaeogeography and facies of the Wenlock
in Wales and the borders.
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EXPLANATORY GEOLOGICAL NOTE

The purpose of this note is to describe the nature and importance
of a site, avoiding specialist terms, for the site owner and/or
occupier. This note does not form part of the formal notification
documen ts.

I
I
I
I
I
I
I

Penstrowed, Montgomery

For much of the Lower Palaeozoic portion of geological time (400−
500 million years ago), the area which became mid− and north
Wales was covered by a deep area of open sea, known as the Welsh
Basin. Thick deposits of mud and sand accumulated on the bed of
this sea and became consolidated into the shales and sandstones
which appear in the landscape today. The rocks exposed at
Penstrowed Quarry were laid down in the deep water part of the
Welsh Basin and contain a number of small−scale structures
preserved within the sedimentary sequence which indicate the
exact mode of formation of these rocks. These structures include
ripple marks, graded bedding (changes in grain size) and various
types of sole structure (hollows and grooves formed on the sea
bed). Collectively, these structures are interpreted as the
product of fast−moving, sediment−laden currents, which flowed
into the deeper parts of the Welsh Basin from shallow shelf areas
to the south−west and east. In other parts of Wales and the Welsh
Borders, the water was much shallower at this time (late in
Silurian times, about 410 million years ago) and these
continental shelf−type conditions gave rise to rocks which
contrast sharply with those seen at Penstrowed.
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rad sanay deserts. sarts pans ard rocky scree − upiands formed by the
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Britain at the equator

Cortinental collisK:,n causes deformation of the crust − coalfield basins of
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Plants in equatonal swamp forests decay and give use to most of the wodd's coats

Ocean between N Amenca and
Europe closes − contnents c,omde−
Caledoman mountain building
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The greening of the cont]nents −
the higher plants evoid, and

colontse the land

Enigmatic Large algae as first land plants

Marine invertebrate Me diversifies

First f=sh

'Ice Age' affects northem continents
'Ice Age' affects Austratta

Green algae appear
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m many parts of the world, and excess
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and part of the Old Red Sandstone continent.

Wales is relifted, rts rocks crumpled and, where deformal=on was
strongest, in the north, the State Bell was formed

First diversdi_,at~on of land floras, proved by Wetsh fossil plants
Bream around 30 degrees south of the equator

Seas, shallower in the east anddeeper in the west, cover Wales and the
Borders, depositing sediments with tomaans Of abundant invertebrates

The Welsh mance basra is famous for as Cambnan. Ordovncen and
Silunan rocks − al three globally−used terms named after characte,nstic

fossilderous strata in the pnncipality

Volcancity widespread − great thuknes..ses of volcanic
rocks erupted on the mid−Ordovician sea bed and subaenalty

Animal sea life abundant and widespread for the first time − molluscs, tn iobries and bractuopods preserved as lossah

Wonns, jelly fish and sponges appear late Precamonan faunas: worm traces andt algal limestones in N Wales
jellyfish in S Wales

Water forms on Eanns surface

Earth's crust tegens to torm tater in Pre,cang>nan time crustat olates oceak aoart and colade many twnes
Orgsn of the Earth − formed by accreoron of pan of a cloud of dustorb={ing the Sun

"'Age estrn.ates and chronostratigraphy Cowie & Bassett 1989 Intemato,nal Un,on of Geological Sciences Global StratKgraphee Chart Ep~sodes 12(2) Supplement
Whttaker et at 1991 A guide to strangraphical procedure Journa/ Geotogica/Socaety London 148. 813−824
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1. O.S. Sheet 136, Newtown and L]anidloes (extract)

2. Present GCR bountiar−y

3. Geology of the area around Penstrowed (BGS Sheey 52N 04W,
1:250,000 Mid Wales and Marches)

4. Map showing location of figures
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1. SITE DESCRIPTION

1.1 Site location and access

Penstrowed GCR site (Figure 1) is situated approximately 400m
east of the A 489(T), mid−way between the towns of Newtown and
Caersws. The site comprises a disused quarry which has been cut
into the north−eastern flank of a small hill known as Maesmawr.
Little is known of the working history of the quarry. However,
prior to 1946 it was apparently owned and worked by the local
Council, which exploited the hard sandstone layers for use as
road and building stone. In its early years, the quarry was
connected by a short rail link (Figures 2 and 3) to the main
Shrewsbury−Aberystwyth permanent way, which is located some 600m
to the north−east. However, this link was closed down in 1937
owing to competition from road haulage contractors. The present
owners purchased the site in 1946, and continued to work the
quarry for stone up until about (?)10 years ago, when it was
finally abandoned.

Access to the site is strictly by permission of the owners, who
operate a gas supply stores in Abermule, 6km north−east of
Newtown. The site is entered via a gateway adjacent to the
concrete manufacturing plant. This gate is always locked, but the
owners will generally ensure that a key is provided by the
manager of the adjacent concrete plant. The quarry is reached via
a narrow track which crosses the hillside. Vehicles can be taken
up to the site if required, but are probably best left at the
entrance since the track is quite overgrown.

1.2 Geological background and setting

Much of Wales is underlain by a thick succession of Lower
Palaeozoic rocks, which constitute the fill of a major
sedimentary basin referred to as the Welsh Basin. This basin is
probably floored by Precambrian to earliest Cambrian rocks,
examples of which are exposed along the basin's marginal zones
in Anglesey, the Welsh Borders and in South Wales (Figure 4).
Palaeogeographic reconstructions of southern Britain (Figure 5),
based on facies variations, show that the Welsh Basin was
separated by the Irish Sea Shelf Platform from an ocean seaway
to the north−west, and was bounded on its south−eastern margin
by the Midland Shelf Platform.

The Welsh Basin suffered prolonged subsidence throughout most of
Lower Palaeozoic times, with fine− and coarse−grained sediments
being supplied to the basin from surrounding shelf areas. The
inland region of mid−Wales exposes an important component of this
basin fill. Rhythmic alternations of mudstones and greywacke
sandstones of the Penstrowed Grits and their northerly
equivalents, the Denbigh Grits, which are Middle Silurian
(Wenlock Series; Sheinwoodian Stage) in age (Figure 6), crop out
in an extensive north−south trending belt running east of Newtown
(Map 3). The Penstrowed Gr~i−~ represent a classic example of a
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turbidite sequence which was deposited from sediment−laden
density currents, or more precisely, turbidity currents, which
flowed generally northwards into deeper parts of the basin from
tectonically active, shallow shelf areas in the south−west Dyfed
region. Graded bedding, characterized by an upward−fining in
grain size, together with an abundant variety of sedimentary
structures (e.g. flute casts), seen on the underside of some
coarse−grained units in the Penstrowed Grits (Section 1.3),
testify to the high energy depositional environment associated
with turbidity currents. These basinal sediments contrast with
the thinner, fossiliferous limestone and mudstone facies which
developed contemporaneously on the adjacent shallow marine shelf
regions (Figure 5).

The chief minerals found in the greywacke sandstones of the
Penstrowed Grits are quartz, feldspar (commonly oligoclase−
albite), muscovite and carbonate minerals. Investigations of
similar, although older Llandovery turbidites in the more
southerly parts of the basin, for example in the Aberarth area,
have revealed that the coarser zones at the base of some
sandstones may comprise fragments of acid volcanic rocks,
(?)Precambrian quartzite and a variety of other rock types,
supporting the view that the ultimate source of all these types
of sediment may have been an uplifted basement terrain to the
south. The sedimentological characteristics of these deep water
basinal deposits was studied in detail by Bouma (1962), who
erected five terms (T~_e) to describe the intervals making up the
complete sequence in an individual turbidite unit. The
nomenclature and sedimentological characteristics of each
interval are shown in Figure 7.

W The sedimentary fill of the Welsh Basin was strongly deformed
during a late Silurian to early Devonian phase of the Caledonian

i
Orogeny. This deformation was characterized by the formation of
a single set of folds on upright, mainly NE−SW trending, axial
planes (Figures 4 and 8), which are accompanied by a cleavage.
Penstrowed Quarry is located close to the core of the Central

I Wales Synclinorium (Figure 8) and on the north−western limb of
a smaller−scale anticline (Map 3). These structures are commonly
described as the "regional" or "main" structures. In certain
parts of Wales (e.g. the Clarach and Allt Wen areas) a clearly

I defined non−axial planar fold−cleavage relationship (i.e. where
the cleavage is oriented obliquely to the fold axial planes) has
been interpreted as the consequence of transpressional

I deformation resulting from the oblique closure of the Welsh
Basin. The divergent orientation of fold axial planes and
cleavage in Wales has recently been attributed to north−west −south−east Caledonian compressional deformation which involved

I strike−8lipmovement along long−lived basement fractures, located
along the margins of the basin (e.g. the Church Stretton and
Pontesford−Linley faults) and also within the basin itself (e.g.
the Glandyfi Lineament)

!
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1.3 Nature and distribution of geological features

Penstrowed Quarry is the type locality for the Penstrowed Grits,
which are particularly well−exposed in the south−west and north−
east faces of the workings. The quarry was worked at two
different levels (Figure 9) and in its current state of
abandonment the 10m high south−west face of the upper level
provides an excellent cross−section through the succession
(Figure 10), whilst the 20m high south−east face of the lower
level (Figure 11) and a rock spur at the north−west edge of the
upper level (Figure 12) provide an excellent opportunity to
inspect the surface of individual bedding planes.

W The Penstrowed Grits at this locality consist of a rhythmic,
alternating succession of cream−coloured greywacke sandstones,

I and dark−grey siltstones and shaley mudstones. The beds are
steeply inclined to the north−west at angles of up to 60° (Figure
13), reflecting their position on the north−west limb of a tight
anticlinal fold (see Map 3). The fine−grained mudstones are cut

I by a finely−spaced cleavage which is oriented sub−parallel to
bedding (Figure 14), and the succession is also transected by
several north−south striking faults (Figure 15) which have a
normal downthrow to the east. Some sandstone beds are cut at high

I angles by well−defined system of joints, which are infilled
either by quartz (Figure 16) or by iron−rich dolomite (Figure
17). Interestingly, the latter often occur on the joint planes

I as discrete rhombohedral crystals (Figure 18) and are frequently
associated with chalcopyrite (copper/iron sulphide)
mineralization.

I
I
I
I
I
I
I

However, the most important geological feature at Penstrowed
Quarry, on account of which the site was notified, lies in the
wide variety of sedimentary structures found in these rocks.
Individual greywacke sandstone units are typically characterized
by graded−bedding (Figures 19 and 20) whereby coarse−grained
basal zones (Ta; Figure 7), comprising glassy and milky−white,
sub−angular quartz grains in a clay matrix, pass up into finer−
grained laminated sandstones (Tbid) Occasionally, some sandstone
beds display an internal reversal of grading, with the appearance
of coarse−grained horizons higher up in the bed (Figure 21). The
bases of many of the sandstone beds are characterized by abundant
sole structures including flute casts and tool marks. The former
are visible as bulbous or ramifying casts (Figures 22 and 23)
which were formed when hollows were eroded into the top of the
underlying bed and subsequently filled with coarser sediment. The
application of cartographic projection techniques, reveals that
these structures were formed by a current moving towards 010°,
which confirms their derivation from a source terrain lying to
the south or south−west. The tool marks appear as linear grooves
(Figure 24) and were produced by an object ('tool') such as a
pebble, being dragged under traction along the sea floor. The
tops of many sandstone beds often display well−defined ripple
marks which can be seen both in plan view (Figure 25) and also
in cross−section (Figure 26).

The sedimentary structures described above are all features which

9
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have been collectively associated with turbidity currents and
turbidite formation. Modern turbidity currents are known to
transfer large quantities of sediment from shallow to deep marine
environments, and flow down continental slopes at remarkably high
velocities. It is the coarser−grained material which falls out
of suspension under gravity first to produce the sandstone beds,
followed by finer−grained silty material. Indeed, it is the high−
energy environment associated with the deposition of the coarse
sands which facilitates the generation of structures such asflute casts and tool marks. The fine−grained shaley mudstones
overlying the sandstones, represent the background sedimentation
immediately preceding the arrival of the next turbidity current,
and often these units contain the fossil remains of pelagic
organisms such as graptolites.

1.4 GCR boundary

The original GCR boundary, as shown on Map 1 (Section 5.1), did
not follow any clearly defined ground features, and was not used
in the construction of the SSSI boundary. The latter, which is
shown on Map 2, successfully incorporates the geological interest
at Penstrowed Quarry and requires no modification. For the most
part, the boundary follows clearly defined fence−lines, with the
exception of the north−eastern limit of the site which follows
an arbitrary straight line, defined at the south−east end by a
bend in the fence−line and by a fence intersection at the north−
west end.

A large area of geologically uninteresting land, situated above
the main quarry faces, has also been incorporated within the SSSI
boundary. This is presumably to incorporate that area for which
planning permission has been granted to quarry stone, and to
ensure that any new faces will fall within the boundary, should
quarrying operations re−commence.

I
I
I
I
I
I
I

1.5 Summary of scientific research

There is very little information in the literature pertaining
directly to the geology of Penstrowed Quarry. Cummins (1957), in
a regional study of the Wenlock Denbigh Grits, made brief mention
of the greywacke turbidites exposed in the quarry faces. He
described the lithological characteristics of these rocks and the
various types of sedimentary structures present, commenting on
the regional implications of their use to determine palaeocurrent
dir ections

Davies et al. (1978) gave a brief geological description of
Penstrowed Quarry, summarizing the lithological and structural
features of the Sheinwoodian succession.

The origin of the term Penstrowed Grits remains unclear. The term
was not employed by Cocks et al. (1992), who continued to use the
term Denbigh Grits to describe these rocks. However, the BGS
(1990), in their 3:250,000 scale map compilation (see Map 3),

10



I
I
I
I
I
I
I
I
I
I
I
I

de,scribe the Denbigh Grits and Penstrowed Grits as discrete,
latera] ly equivalent rock−types.

1.6 Furthe.r reading
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I Figure 1 General view of rapidly degrading, 10m high

faces on the upper level, showing steeply−inclined

I sandstones and shales of the Penstrowed Grits.
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I Figure 2 Curved embankment (arrowed) marking the

former route of an old rail link from the quarry to the
permanent way
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Figure 3 View of the old railway siding at Penstrowed
Quarry, where wagons were loaded with aggregate and
building stone (Green, 1991). The quarry is visible in
the top right of the photograph.
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Figure 4 Simplified geological map of the Welsh Basin,
showing the traces of the principal Caledonian
structures (Treagus, 1992).
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Figure 5 Palaeogeographic reconstruction of southern
Britain during Wenlock times (Anderton et al., 1979).
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Figure 6 Silurian chronostratigraphy as currently
agreed internationally. The right hand column shows
Silurian graptolite biozones (Holland, 1992).
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Figure 7 The sedimentological characteristics of the
intervals within a turbidite sequence (Cave and Hains,
1986 )
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Figure 8 The principal structural elements of the
central part of the Welsh Basin (BGS, 1990).
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betiding surface −/ .−"
showing ripples.

bedding
wtth chdnnels. "'" ".5"~ −/"

PENSTROWED QUARRIES
(S.Ò. 068.910)

Figure 9 Schematic diagram showing the disposition of
the quarry faces and major structures at Penstrowed
Quarry (Davies et al. 1978).

Figure 10 South−west face of upper level showing
steeply−inclined, pale−coloured greywacke sandstone
beds, interbedded with dark−grey shales.
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Figure 11 Degraded face of lower level. Bedding
surfaces at left of view display excellent ripple marksand quartz/iron−rich dolomite veining.

Figure 12 Steeply−inclined bedding planes exposedalong rock spur on the upper level provide excellent
examples of ripple marks.
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Figure 13 Rhythmic, alternating succession of light−
coloured greywacke sandstones and dark−grey shales of
the Penstrowed Grits (Loc. 1; Map 4).

Figure 14 Finely−spaced penetrative cleavage cutting
grey shaley mudstones (Loc. 2; Map 4).
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Figure 15 Steeply−inclined normal fault (marked).
Arrow shows direction of downthrow (Loc. 3; Map 4).

i¸

Figure 16 Quartz−filled joint plane in thick greywacke
sandstone unit (Loc. 1; Map 4).
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Figure 17 Joint planes infilled with brown iron−rich
dolomite (Loc. 4; Map 4).

Figure 18 Rhombohedral crystals of dolomite on joint
plane. These crystals are locally associated with
chalcopyrite mineralization (Loc. 1; Map 4).
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Figure 19 Typical coarse−grained base of greywacke
sandstone bed. Grains consist dominantly of sub−angular
quartz but with some small rock fragments.

Figure 20 Laminated greywacke sandstone unit (Loc. 1;
Map 4)
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Figure 21 Typical example of reverse grading within
sandstone bed, with the appearance of coarser−grained
horizons (marked).

I Figure 22 Base of sandsone unit characterized by the
development of numerous bulbous load casts (marked).
Location 1, Map 4.

characterized by the
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Figure 23 Load casts exposed on block lying on floor
of upper level. Note how these structures show a
preferential alignment (marked) which is used to
determine palaeocurrent direction.

Figure 24 Linear groove casts exposed on underside of
greywacke sandstone are commonly seen in si tu along the
faces of the upper level. These structures are widely
used to determine palaeocurrent direction°

25



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Figure 25 Ripple marks on the top surface of greywacke
sandstone bed (Loc. 4; Map 4).

Figure 26 Ripple−marked surface of sandstone in cross−
section. Surface is covered by thin mudstone band,
prior to the deposition of next sandstone unit (Loc.
1; Map 4).
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i.e GCE :sii« e i:. :.,: a ca~_::<,:−.l−'s ~d~,endoned (]]uarry, which was
.i.n Apr:i] '..la on account of the Wenlock'. turbidites which

are. exposed along the quarry faces. Opo.rations at Penstrowed
Quarry apparently ceased within the last 10 years, and most of
the plant, includin{i "−lr].lling, excavating and crushing equipment,
was ]eft on sit~−: fiig ure :s 1 2 r '~ an'd 28), often in the place.s
where las t user].

Although planning permission was g~ranted to extend the working.s
to the south−west (~see M':ap 1; Section 5.1), no further quarrying
has taken place as yet. However, discussions with employees of
the local concrete manufacturing company, based at the entrance
to the workings, informed that the quarry has been "moth−balled"
until construction work begins on the Newtown by−pass, a route
which may be built by the end of the century. The quarry is then
expected to be re−opened, since it will offer the nearest source
of road−stone.

The site is currently kept on a 'care and maintenance basis',
being regularly inspected by the quarry owners, who do grant
access to the many parties of visiting geologists, provided that
they are suitably insured and wear hard hats. The entrance gate
is locked at all times, and notices warn that trespassers will
be prosecuted. Indeed, prosecutions have apparently taken place
in the past. As a consequence, very little tipping has taken
place, since vehicles are not able to gain access to the
workings. However, vandalism has been a problem in recent years,
with damage being caused to buildings and equipment.

2.2 Brief history of site casework

Photographs held on file record a site visit by NCC personnel in
September 1982, at which time it is apparent that the quarry was
still operating. Following completion of a site assessment, a
list of notifiable operations was despatched on

A meeting was held on 09.07.85 between I. Soane (ARO, Radnor and
Montgomery), Mrs Bayliss, the local quarry manager, and Mrs
Corfield, a director of Goetre Ltd, to discuss the proposed
designation of the quarry as an SSSI. Concern was expressed over
the effects that notification would have on the future operation
of the quarry. In a note to Mrs Bayliss, dated I. Soane
outlined the various notifiable operations pertaining to the
site. In a further note, dated I. Soane expressed
concern to A. McKirdy (G&P Section) that the GCR boundary did not
coincide either with the existing area of working or the areas
for which the owners had planning permission for extraction. A
map showing these areas was supplied by I. Soane and forwarded
to L. Richards (CSD, Peterborough) who proposed a revised GCR
boundary ( 20.11.85 −si i iusequently was employed as the SSSI
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The prim−ary ~:olis,−rvation o>bjective at Penstrowed Quarry i.s_< to
maintain] the inltegrity of, and] acces : ; t−.o, the rock fa'c;es,

pat−ticular].y which i.~1:e ].oc'aLed o~n t.he ].evel, sinc..
it is in this; area that the b)est examples of the

sedimentary structures are to be found. ].t is the combination of
the clear rhythmic alternations sediment (sandstone and shale)
and the superbly developed sole markings which make this site
significant for understanding the mechanisms of turbidite
sedimentation in the Welsh Basin. Conservation of this key site
would not be problematic if the quarry were to remain in its
current state of abandonment. However, it is important that CCW
maintains a close liaison with the quarry owners, especially in
view of the possibility that extraction may resume in the future
(see Section 2.1). In this event, CCW should attempt to ensure
that worked faces are left in a condition which would allow
continued access by geologists both to the rhythmic sequence of
sediments and to a full range of the sedimentary structures.

Although the site is not perceived to be under any threat at
present, it is considered expedient to inspect the site at least
once every two years.

SSSI consultation areas
The critical exposures which constitute the geological interest
at Penstrowed Quarry are not considered to be under current
threat from any activities (e.g. agricultural practices,
afforestation, construction) which might take place in areas
lying outside the site boundary. Therefore, no consultation area
is required at this site.

2.4 Potential threats and PDO list

Natural degradation
The process of natural degradation is leading to the progressive
concealment of some rock faces at Penstrowed Quarry, particularly
those on the upper level. Figure 29 shows how the friable nature
of this turbidite sequence has resulted in the accumulation of
a considerable quantity of debris at the base of the cliff.
Indeed, when the site was visited recently, it was noted that
rock falls in this area are a major hazard when approaching the
cliff faces. The sediments and structures are in general welJ
displayed and no s. '< '..~~' " is yet necessary (see quarrying).
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,_,;1 i1 .icipaL]ua L'" [ ng i : r esume in ibe future. However,
91− this doe 0<0 17010 lit e 1 s 902031 )210 th at the site mig'h

!}~:, <;(~]r t!L ;;i'i (,]1]: ~:e sold en.. Gel er u:sa − : D : In thisB c<onteii_,
it: use −− < e:G− ial a :nLk~.,t "ibre~L, in vies−:
of the <er a proximill 0; larg< an<i expan ¢i. J.ng centres of

population cauch as New toici. A].ternatively, the. quarry might he

used for o)ther purpose,.s which could, for example, involve the
gradinçJ o;, battering~ of ~h.e ,'lifi faces~ 1−o il~prove stabi,1ity,
].,ctivil J,.n7 such as the:::: co,nid :−~everely damag(−~ or result in t:h,,

Resumption of quarrying
in the. event t.hat quarrying <.:;bou]d be re::;niaerì at. Penstrosed, !t
i.s probab]c that operations wi] .i be c(−~uLred on the south−we,st
face of t.he uppeL− )_eve]. If this w'ork is carried out
sympathetically, a simiLar face, providinq an accessible cross−−
section through the turbidite sequence, should be left once
quarrying has ceased. However, it is possible that the final rock
faces might be left in a poor condition, concealed beneath
debris, or in such a dangerous condition that access will not be
possible. It is for this reason that CCW should maintain a close
liaison with the quarry operators to ensure that sufficient
exposure is left in such condition that the geological interest
is not lost. Renewed quarrying would clearly obviate the need for
any site clearance.

List of notifiable activities

7 Dumping, spreading or discharge of any materials.

14 The changing of water levels and tables and water utilization
(including irrigation, storage and abstraction from existing
water bodies and through boreholes).

15 Infilling of pits.

21 Construction, removal or destruction of roads, tracks,
walls, hardstands, fences, banks, ditches or other
earthworks, or the laying, maintenance or removal of
pipelines and cables, above or below ground.

22 Storage of materials on or against rock faces or outcrops.

23 Erection of permanent or temporary structures, or the
undertaking of engineering works, including drilling.

24 Modification of natural or man−made features, including
battering, buttressing or grading rock faces or outcrops.
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Figure 27 Crushing plant and conveyor belts which were
used for processing and transporting stone to
distribution point.

Figure 28 Crushing plant and fuel storage facility at
on the north−eastern margin of the GCR site. Drilling
equipment is currently stored behind the corrugated
iron shed in background.
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Figure 29 Accumulation of scree at base of unstable
faces along the upper level. The continued build−up of
this material will eventually result in the loss of
exposure. Without further quarrying at the site, some
clearance may eventually become necessary°
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3.2 Site enhan,cemen~ts

Previously, mention has been made to the hi.ghJ.y friable natu:e
of the rocks at Penstrowed Quarry, a feature which has led to the
progressive accumulation of debris <−,t the foot of the rock faces.
This is slowly leading to the concealment of the rock faces, such
that in time, and in the event that there is no further
quarrying, it may be necessary to clear away the debris and
possibly to reduce the gradient of the faces to increase
stability and minimize further falls.

The quarry attracts large parties of geologists, since it
provides an ideal opportunity to study various aspects of
turbidite sedimentation as well as providing some of the most
spectacular sole markings known in Wales. A useful site
enhancement would be the placement of an information board
providing a brief outline of the geological interest at the site
and its relationship to other sites within the GCR network.
Implementation of such a guide would also serve to highlight
CCW's active role in Earth Science Conservation throughout Wales.
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Si31, : − :~; ago, co:.sis! ,'e e a].ternat−in.g"
'.−SeguenIce o). ~.[reywacke si ].ts~tone,s and shale7
mudstones, whic:h ar'e thought i−o hav(_~ bt,.en deposited from
::(−,diment−−ind a, turbidity corr:en',:s: w;hic:h flow,ev.! into the We].sh

irom ma_rine s:;n:,l− :−,,_e as lying to the south and
.south−west. Dee p−−water sediments s−:uch as thes:;e, are in marked

contrast to ihose f o~ssiliferous, shallow water sediments, of asi milar age, wh :i_ch are exposed furthe_,. Lo the ea'st. Th,?
outstanding geo]_ogical feature: oJ. these :ocks is their greatwealth of sedimentary structure.s, which include sole, structures;
such as fiut,.~ casts and groove casts, together with graded
bedding and r ipple marks. These structures, which are typical of
high−energy turbidite sequences such as the Penstrowed Grits,
have provided important information regarding their environment
of deposition and mode of formation.

After consultation with the site owners, and extensive
modifications of the initial GCR boundary to incorporate the
geological interest, Penstrowed Quarry was notified in April
1986. Quarrying at Penstrowed ceased within the last 10 years,
since which time the site has remained under 'care and
maintenance'. However, taking into account the large area for
which planning permission has been granted, it seems likely that
the quarry wil] be a primary source of road−stone should plans
go ahead to build a Newtown by−pass.

The geological interest at the site is faced by several threats.
At present, natural degradation of the unstable quarry faces is
leading to the progressive accumulation of large quantities of
scree, and concealment of the sedimentary structures. It may
become necessary at some time in the future to clear this debris
away from the faces. A change of use, should the quarry not be
re−opened, is a distinct possibility; in this context, its use
as a land−fill site is a major threat, given the close proximity
of a large town. If quarrying is resumed, CCW should liaise
closely with the operators, to ensure that sufficient outcrop,
displaying the important sediments and geological structures, is
left intact.

Despite these threats, the site is currently in excellent
condition, and no immediate action is required, although the site
should be inspected by CCW personnel at regular intervals of
about 2 years. Great care should be taken when approaching the
faces owing to frequent rock falls, especially on the upper
level. In view of the large numbers of geologists who visit the
site, the placement of an inforna{tion board at the quarry
entrance would be of great benefit.
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A:−::~a]. plane. The piane bisects the lii:t:.:−; o:. ; 1−o)ld.

u Oro;;eng. is phiaje o eselint .le ici id3.ng:'i,−:h Look place
telv duo eiiRio:− al::s uma 1.0 Wales.

Cleavage. The plaue oi mechanical fracture in a rock, usually
controlled by the. para].lo_] orientation ,,~ partia].ly
recrystallized pla ty mine.ra ~s such a:; m i.cas.

Facies. The sum Lot;,l of t−eatures, such as sedimentary rock type,
mineral content, structures, fossil content, beddinq
,:}lare−icteristics, o.tc, whi.ch char:,[~cterize a medim,−.~ ,ts havin{~
been deposited in a given enviro:!m,''nt.

Graptolites. A primitive, and now extinct, colonial organism,
consisting of one or more branches (stipes). The individuals of
the colony (zooids) were situated in cups arranged in one or two
rows along the stipe, the whole being covered by an external
layer of chitinous material. The graptolites belong to the most
primitive class within the phylum Chordata.

Greywacke. A sandstone consisting of fine to coarse, angular to
sub−angular particles which are mainly rock fragments (lithic
fragments). The grains are usually poorly sorted (i.e. of
different sizes), and the cementing material is generally
argillaceous (i.e. clay minerals).

Joint. A fracture in a rock between whose sides there is no
observable relative movement.

Sole structures. The term used to describe a wide variety of
primary sedimentary structures, which were formed by the scouring
of hollows and grooves into the sea bed and their subsequent
infilling with sediment.

Strike−slip. A particular style of deformation involving the
lateral movement (shear ) between blocks on either side of a fault
plane

Transpression. A deformation mechanism involving pure compression
with a superimposed element of lateral shear.

Turbidites. A repetitive sequence of sandstones and shales
deposited from seismically−induced sediment slurries which flow
at high velocities from shelf−edge into deep water basinal areas.
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